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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

OR! Cuts Back on Ossification Research 

The Gas Research Institute's proposed 1989 budget shows a drastic drop in sup-
port for coal gasification programs. Direct funding for coal gasification will 
drop by about one-third. A detailed summary of the GRI budget related to 
coal gasification is presented on page 1-3. 

DOE Solicits Opinions an Alternative Fuel Vehicles 

The Department of Energy has asked vehicle manufacturers for information on 
manufacturing capabilities and costs for 5,000 dual fuel vehicles. The article 
on page 1-7 lists the data requested and the purchasing criteria proposed. 

Fossi l  Energy R&D Awards Made to Small Businesses 

The Department of Energy's Small Business Innovation Research program has 
again made awards to a number of small businesses. Those awards with poten-
tial applications to synthetic fuels are listed on page 1-7. 

Congress Approves 16.5% Increase In F ossil Energy Budget 

The House-Senate conference committee approved an appropriations bill which 
includes a 16.5 percent increase for fossil energy research programs in fiscal 
1989. Details on page 1-8. 

California Energy Commission Continues Methanol Support 

The California Energy Commission's latest energy development plan continues the 
aggressive development of methanol fueled vehicles in California. A summary 
of the methanol program appears on page 1-10. 

NBC Recommends Chemical Engineering Research In Alternate Energy 

A new National Research Council Report, Frontiers in Chemical Engineering 
recommends, among other things, increased research on in situ recovery 
methods, solids processing technology, and design and scaleup procedures for 
synthetic fuels. As summarized on page 1-12, the report calls for a correc-
tion to the vast demobilization of resources and personnel once committed to 
energy research which occurred during the mid-1980's. 

Large World Oil Price Increase Called Inevitable 

Canadian Enerdata's 1988 long-term energy price forecast is for $35 per barrel 
by 1995. The forecast, abstracted on page 1-13, points to a sharp oil in-
dustry upturn sometime between 1989 and 1995, most probably in 1992. 
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Low Oil Prices Will Not Last Says Harvard Study 

Harvard University's Energy and Environmental Policy Center has renewed a 
warning that low oil prices will not last Indefinitely. The study (page 1-14) 
emphasizes the cyclical aspects of the oil market and anticipates an early 
resurgence of demand and price pressures. 

National Academy of Engineering Calls for Strengthening U. S. Industry 

A National Academy of Engineering report on international competitiveness has 
concluded that new approaches to the use and management of technology are 
needed if United States industry hopes to keep up with its key rivals in the 
world economy. A brief summary of the Academy's recommendations is given 
on page 1-15. 

AGA Predicts Disappearance of Gas Bubble In 1990 

The American Gas Association has released an analysis which predicts that the 
natural gas "bubble" (an excess of natural gas deliverability over demand which 
has existed in the United States for several years) will disappear by 1990. At 
that time, prices will have to be high enough to encourage new drilling. See 
page 1-17. 

CEC Ranks Energy Technologies 

The California Energy Commission's Energy Technology Status Report Is prepared 
biennially to determine the status of energy technologies applicable to Califor-
nia. The general conclusions may be found on page 1-19. 

New Zealand Synfuel Plant Lists Results 

A summary of the Annual Report for New Zealand Synthetic Fuels Corporation's 
methanol to gasoline operations is given on page 1-22. 

EPA Changes Texas Methanol Waiver for Octamix 

The Environmental Protection Agency has issued a correction to a waiver 
granted earlier this year to Texas Methanol Corporation to sell the gasoline-
alcohol fuel blend referred to as OCTAMIX (page 1-24). The correction allows 
a slightly higher concentration of heptanols and octanols. 

USGS Revises Estimate of U. S. Oil and Gas Resources 

The U. S. Geological Survey has issued a new assessment of the country's oil 
and gas reserves. The quantities have been revised downward from earlier es-
timates in 1981. The new study has been attacked by the American Gas As-
sociation and the Department of Energy as being unduly pessimistic (page 1-25). 
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Rainex Reports Progress In 

Ramex SynFuels International has drilled two wells in Indiana and begun 
producing gas with their downhole oil shale gasification technique. See 
page 2-1. 

Ceramic Applications Studied for Petrosix Spent Shale 

As reported on page 2-1, efforts are under way to develop uses for spent 
shale produced from the Petrosix process in Brazil. 

Tram-Natal T-Project to Finish Phase 2 Effort This Year 

Trans-Natal Coal Corporation's torbanite mining and retorting project has com-
pleted a Phase 1 pit-feasibility study with favorable results and is due to 
complete the Phase 2 basic design stage by the end of 1988. A complete 
description of the project, which involves simultaneous mining and retorting of 
torbanite and coal in Lurgi LR retorts, begins on page 2-2. 

New Paraho Makes Pilot Plant Improvements 

New Paraho Corporation has completed a $1 million project for modifying and 
upgrading the capabilities of their pilot scale oil shale retorting facilities near 
Rifle, Colorado. The improvements, described on page 2-6, are directed toward 
the processing of shale oil for use as an additive to highway asphalt. 

SPP/CPM Report Progress on Oil Shale Projects 

Southern Pacific Petroleum and Central Pacific Minerals continue their efforts 
to develop Australian oil shale resources. A summary of their activities during 
the last fiscal year Is given on page 2-6. 

Unocal Catsithn Shutdown of Oil Shale Project 

Unocal Corporation's new president, R. Stegemeier, has stated that the project 
is now on the company's "watch list" for possible disposal. Background on the 
company's changing outlook is found In an article on page 2-8. 

Rift Assesses Oil Shale Mining and Material Handling 

Idaho National Engineering Laboratory has carried out a study of research 
needs and priorities in the field of oil shale mining and material handling 
technology. Results have been issued in a report, which is summarized on 
page 2-10. 

Foster Wheeler Estimates Costs for Oil Shale Plants 

Foster Wheeler USA has prepared current (1987 dollars) cost estimates for both 
fluidized bed and vertical retorting of Colorado oil shale. Their calculations 
indicate a shale oil production cost in excess of $35 per barrel. Highlights of 
the economic results are tabulated in the article on page 2-13. 
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Supercritical Ammonia-Water Is a Solvent for Oil Shale 

Work carried out at the University of Oklahoma demonstrates that a relatively 
high recovery of organic matter from oil shale can be achieved with aqueous 
ammonia at supercritical conditions. A summary of their results appears on 
page 2-17. 

Australian and U. S. OR Shales Tested in Taciuk Processor 

The Taciuk Processor, developed by UMATAC Industrial Processes for use on 
Canadian tar sands, has been extensively tested with oil shales from the United 
States and Australia. A summary of the oil shale test program, carried out in 
both bench scale and pilot scale equipment, starts on page 2-19. 

Reference Oil Shale Samples Are Available 

A reference oil shale sample bank has been established to provide certified 
samples to oil shale researchers. The bank currently contains oil shales from 
Colorado, Wyoming and Kentucky. Shales from Indiana and Utah are to be 
added. See page 2-22. 

Oil Shale Companies File Water Rights and List Expenditures 

A	 partial	 listing of Quadrennial Findings of Due Diligence on	 water	 rights for 
oil shale	 projects begins	 on page	 2-36. These	 filings	 list expenditures on oil 
shale development over the previous four years by the companies involved. 

Ute Tribe Proposes Severance Tax on Minerals 

In Utah, the Ute Tribal Business Council has proposed a 10 percent mineral 
severance tax to be applied to the wellhead value of oil and gas and the 
gross receipts on the sale of other minerals. Much of Utah's oil shale and tar 
sands resources will fall within the possible scope of this tax (page 2-41). 

Amoco Opens Soars Lake Heavy Oil Pilot 

Amoco Canada in July officially opened the company's 16-well heavy oil In situ 
pilot facilities located on the Elizabeth Metis Settlement south of Cold Lake, 
Alberta. initial production Is expected to be 1,000 barrels per day (see 
page 3-1). 

Burnt Lake Project Reactivated

Suncor, Alberta Energy	 Company,	 and Canadian Hunter Exploration	 have	 reac-
tivated the Burnt Lake in situ project on the Primrose Range In northeast Al-
berta, Canada.	 Production of 12,500 barrels per day is planned (page 31).
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Suncor Sets $200 Million for Debottlenecking 

Suncor has approved an additional $50 million expenditure, bringing to a total 
of $200 million for debottlenecking of its oil sands plant (page 3-1). The 
latest increment will add another 8,000 barrels per day to expansion plans, 
bringing total output to 71,000 barrels per day in 1991. 

OSLO to Carry Out Dredging/Cold Water Extraction Field Test 

The OSLO group has received approval to carry out a simulated dredging plus 
cold water extraction field test in Alberta. A 600 ton per hour dredge would 
be used in 1989. The project is described on page 3-2. 

Synco Proposes 8,000 BPD Tar Sands Plant at Sunnyside 

Synco Energy Corporation is seeking capital to construct an 8,000 barrel per 
day tar sands extraction plant at Sunnyside, Utah. The process, described on 
page 3-3, would use coal gasification to provide heat for tar sands extraction 
plus fuel for electricity generation. 

C-il Synfuels Wins Approval for Dredging Project 

C-H Synfuels plans to dredge a cutoff meander of the Horse River near Fort 
McMurray, Alberta, and process the tar sands in a barge mounted hot water 
extraction process. A summary of the public hearing on the project begins on 
page 3-3. 

Synuth Wins Approval for 50 Percent Expansion Plan 

The Alberta Energy Resources Conservation Board has approved Syncrude 
Canada's application to increase its average daily production level to 260,000 
barrels per day. A short summary of the ERCB public hearing may be found 
on page 3-6. 

Terra Energy Completing Feasibility Study of SESA Process 

Terry Energy Ltd.	 plans	 to complete by October 1988	 a	 capital and operating 
cost estimate for the Solvent Extraction-Spherical Agglomeration (SESA) process. 
Preliminary indications are that the process could be	 $2-$4 per barrel cheaper 
than the existing hot water extraction process for oil sands with grades in the 
8-10 percent bitumen range (see page	 3-10).

Alberta ERCB Forecasts Wave of Investment in 1990's 

The Alberta Energy Resources Conservations Board's 15-year energy forecast 
predicts capital investment levels of a billion dollars per year (1971 dollars) 
for oil sands development in Alberta in the mid-1990's. See page 3-16 for 
details.
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Social Benefits Said to Make Regional Upgrader Attractive in Alberta 

The Alberta Chamber of Resources has carried out extensive studies on con-
cepts for new bitumen upgrading capacity in Alberta. Their conclusions 
(page 3-18) are that a regional, stand-alone upgrader is attractive and that 
upgrading costs will be in the range of $11.50 per barrel. Although this is 
higher than the current heavy oil/light oil differential, social benefits to Al-
berta counteract the difference. 

RTA Completes 36-Day Test of Geotreater Technology 

Resource Technology Associates reported successful results from an extended 
test run with their Geotreater process for mild thermal treatment of heavy 
crudes in a vertical wellbore (page 3-21). 

ROPE Process Developed for Recovering Oil From Tar Sand 

Western	 Research Institute is	 developing a new pyrolysis process for tar sands 
called	 Recycled Oil	 Pyrolysis	 and	 Extraction (ROPE). As described	 on 
page	 3-21	 it	 consists	 of a two-step process in which the	 first step involves 
low-temperature pyrolysis	 in	 the	 presence	 of added bitumen and	 recycled 
product	 oil. 

Recovery of Circle C liffs Tar Sands Proves Difficult 

Circle	 Cliffs	 tar	 sand deposit	 has been found to have a high proportion	 of 
kaolinite in the mineral matrix.	 For reasons	 outlined on page	 3-22, this prob-
ably	 excludes	 the	 use of	 fluidized bed	 or	 rotary	 kiln pyrolysis,	 and	 in	 situ 
combustion as means of recovery in this	 deposit.

Post-Recovery Processes Evaluated for HASDrive System 

Chevron's Heated Annulus Steam Drive (HASDrive) process has been created for 
the purpose of developing initial Injectivity in immobile tar sands deposits. 
After steam breakthrough, other techniques must be used to increase bitumen 
recovery. Chevron's approach is discussed on page 3-24. 

Madagascar Considers Bernolanga Tar Smith Economically Feasible 

Using the Taciuk Processor, the cost of oil manufactured from the Bemolanga 
tar sands Is estimated at $24 per barrel. However, as stated on page 3-27, 
the Malagasy government believes that it would be profitable for the country, 
even at these prices, because of the savings arising from not having to import 
refined products. 

New Thermal OR Mining Technique Developed at Yarega 

Mining assisted recovery of heavy oil has been practiced in the Yarega oil 
field of the Soviet Union since 1939. Recent advances in technique are dis-
cussed in an article on page 3-28.
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U. S. Heavy OR Resource Summarized 

The article on page 3-36 summarizes the results of ICF-Lewin's resource study 
which concludes there are 100 billion barrels of heavy oil originally in place 
in the United States. 

Basin Electric Buys Great Plains 

The Department of Energy has selected Basin Electric Power Cooperative as the 
preferred buyer for the Great Plains Coal Gasification Plant located in Beulah, 
North Dakota. According to the announcement (see page 4-1), the offer sub-
mitted by Basin could have a value to the government as high as $1.8 billion 
over the next 21 years. 

Stone & Webster Begins Engineering on Ohio Ontario Project 

Stone & Webster Engineering Corporation has begun engineering and environmen-
tal permitting work on the first phase of the Ohio Ontario Clean Fuels project 
at Warren, Ohio. For a summary of the coal/oil coprocessing project, see 
page 4-2. 

Caterpillar and UCC to Study Coal Gasification for Locomotive Engines 

Caterpillar Inc. and United Coal Company are teaming up to develop an on-
board coal gasification system for railroad locomotive engines. An air-blown 
gasifier will feed low-BTU gas to the diesel engine. The program is described 
on page 4-5. 

Fuel Cells Draw Additional Funding 

New funding for fuel cell research projects is noted in two articles beginning 
on page 4-7. 

GEM Recommends Coal/Oil Coproceasing for Canada 

The Canadian Energy Research Institute says that coal/oil coprocessing is within 
reach of the production costs of integrated mined oil sands operations. As 
observed on page 4-10, CERI strongly recommends that the Canadian govern-
ment study all relevant issues for the construction of a commercial facility. 

Canadian Energy Developments Says Coal/Oil Coprocessing is Economical 

Canadian Energy Developments Inc. says simultaneous upgrading of Canadian 
heavy oil and coal to synthetic crude would cost C$19.75 per barrel. This is 
less than the cost of comparable product from conventional heavy oil 
processes. See page 4-13.
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United Coal Tests Cool-Derived Diesel Fuel 

United Coal Company Research Corporation Is testing coal liquids derived from 
mild gasification of coal in diesel engines. A quantity of liquid has been ob-
tained from coalite of England. The UCCRC research program is described on 
page 4-18. 

Mild Gasification and Pellet Technology Combine for New Iron making Process 

AMAX Research & Development, the University of North Dakota Energy & 
Mineral Research Center and Pellet Technology Corporation are joining to work 
on combining mild gasification technology with an advanced steel making 
process. The project and process are described in the article on page 4-19. 

CUP Technique Proves Successful in Rocky Mountain I Test 

The recently completed Rocky Mountain I underground coal gasification test 
demonstrated successful operation of the Controlled Retracting Injection Point 
technology over a 100-day period. Results of the field test are discussed in 
the article on page 4-23. 

1110 Tests Dynaphen Process an Great Plaim Liquith. 

The Dynaphen process developed by HRI converts a stream of mixed alkyl 
phenols to benzene and phenol. Tests have been carried out on the crude 
phenol stream produced at the Great Plains coal gasification plant (page 4-26). 

Coal/Oil Coprocessing Draws Widespread Interest 

Coprocessing technology has reached a stage of development where it may ap-
pear to be the preferred upgrading procedure. Brief abstracts of a number of 
papers recently presented on coprocessing start on page 4-29. 

Sasol Experience Shows Impertance of Byproducts From Synthetic Fuels 

A Sasol representative states that synthetic fuels are unlikely to be competi-
tive with petroleum unless byproducts are considered. SASOL now manufactures 
80 different non-fuel products from its coal conversion plants (page 4-33). 

Appropriate Synfuels Technologies Defined for China 

Energy is perhaps the most important technical issue for China, and synthetic 
fuels are urgently needed. However, according to the assessment on 
page 4-36, appropriate synfuel technologies for China may be quite different 
than what would be appropriate elsewhere. 

Utilities Assessing Risks at Old Coal Gasification Sites 

A number of utilities are finding that they have sites where town gas was 
produced sometime from the 1880's to the mid 1950's. In some cases, excess 
coal tar was dumped at these sites, and is now turning up in environmental 
risk assessments (page 4-39).
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CORPORATIONS 

CENTER FOR PROCESSING ALTERNATIVE 
TRANSPORTATION FUELS ESTABLISHED 

A Center for Processing Alternative Transportation 
Fuels is to be established by the Pacific Northwest 
Laboratory (PNL), operated for the United States 
Department of Energy (DOE) by Battelle Memorial In-
stitute, at Richland, Washington. This Center will be 
supported by DOE and provision will also be made 
for its utilization by private industry. 

The announced objective of this Center Is to help 
Industry to utilize technologies based on discoveries 
from federally sponsored work involving the conver-
sion of carbonaceous materials to liquids. Such 
technologies would produce liquid fuels for transpor-
tation use from nonpetroleum renewable resources 
and would be deployable in the 1995-2000 timeframe. 
The rising costs and problems of disposal of in-
dustrial, municipal and agricultural wastes are said 
to be Incentives for development of these tech-
nologies. These advancements may be applicable to 
nonpetroleum fossil fuels (i.e., catalytic upgrading of 
mild coal gasification and oil shale derived liquids, 
conversion of natural gas to liquids) as well as to 
biomass and carbonaceous wastes. 

The Center hopes to make It possible to demonstrate 
combinations of privately owned technologies with 
those from federal programs to enhance technical 
and economic performance. 

Rationale 

Battelle believes the likely need for nonpetroleum 
based transportation fuels at the turn of the century 
requires a reinvigoration of the nations alternative 
fuel program. This need will likely exceed the 
ability of any single technology and raw material. 
Technology development lag times require that action 
be started now. While the economics for alternative 
fuels in general Is not now favorable because of low 
oil and gas prices, diminishing and increasingly costly 
alternatives for waste disposal (municipal, industrial, 
and agricultural) provide the economic force for ac-
tion in this area. 

Federally sponsored research has focused on small 
scale work to explore innovative ideas from federal 
laboratories, academic contractors and grantees, and 
other contractors. During the past decade, advance-
ments have been made, but proven only at the 
laboratory or bench scales. Moreover, such advance-
ments have been directed mostly to specific narrow 
applications and have not been evaluated in com-
bination with other advancements for broader ap-
plicability and improved economic potential. By un-
dertaking this work in a flexible multipurpose 
facility, it is said that the development can be 
economically accomplished and provide the data 
necessary for the next level of investment by the 
private sector.

Technology Transfer 

New patent laws now provide for a performing 
research organization to acquire the rights to inven-
tions from federal expenditures. Thus, attractive 
license packages for the private sector can be 
developed based on individual inventions or combina-
tions of inventions. Such licenses can have ex-
clusivity features for field of use and/or territory. 
Moreover, royalties or license fees would benefit the 
originating organizations. 

Participants 

Potential private sector participants are expected to 
be companies which have waste disposal problems, 
control resources suitable for conversion, are in the 
waste disposal /mitigation business, or are in the 
energy business. Other participants are federal 
government agencies whose missions involve transpor-
tation fuels or waste disposal technologies: the 
Departments of Energy, Transportation, Commerce and 
Interior and the Environmental Protection Agency. 
Additional participants will include organizations and 
institutions performing energy technology research 
and development under contract to the federal 
government and federally operated laboratories. 

Facility 

The cornerstone of the program will be a flexible 
pilot scale (1-10 tons per day) system which has the 
necessary services	 and support	 capability	 for:
1) preparation of carbonaceous, organic raw feed 
material (solids, slurries, liquids); 2) conversion sub-
systems (e.g., fixed bed, fluidized bed and ebulating 
bed reactors); 3) liquid product upgrading (catalytic 
reactors, distillation/extraction columns), and ; 	 4) 
sampling/chemical	 analysis	 and	 process	 data 
logging/analysis. The ability to reliably model 
process performance and economics will be provided 
by adaptation of existing models such as ASPEN. 

Candidate Technologies 

The function of the Center is to study liquid fuels 
production at the small pilot scale. Examples of 
candidate technologies which have been identified 
from research activities supported by the Biofuels 
and Municipal Waste Technology component of DOE 
are: 

- Atmospheric Flash Pyrolysis (Georgia Tech). 

- Liquefaction	 In	 Pressurized	 Solvents 
(University of Arizona). 

- Vacuum Pyrolysis-Multiple Hearth (Canada). 

- Vortex Reactor (SERI). 

- Alkaline Digestion of Organic Sludges (PNL). 
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- Vapor Phase Catalytic Cracking (SERI). 

- High-Pressure Aqueous Conversion (ML). 

- Pyrolyzate upgrading to gasoline (PNL). 

- Upgrading of phenolic-type oils to gasoline 
(PNL). 

- Producing and Extraction of Lipids from Algae 
(SERI). 

HUSKY BUYS 11th 

Husky Oil Ltd., of Calgary, Alberta, Canada has pur-
chased Hill Inc. from DynCorp, of McLean, Virginia. 
Hill specializes in development and licensing of tech-
nologies for producing clean fuels from fossil fuels 
such as heavy crude oil and coal. 

Hill provides management and engineering services 
for the design, start-up and operation of commercial 
process units. It has licensed units in Canada, 
Europe, Japan, South America, Mexico, the United 
States and the Middle East. 

The H-Oil Process for catalytic hydrocracking of 
heavy oil residue to clean transportation fuels is one 
of the better known Hill developed technologies. 
This technology formed the basis for the H-Coal coal 
liquefaction process. Hill also was a pioneer in the 
development field with its HDA (Hydrodealkylation) 
process for conversion of toluene and mixed 
aromatics to high-purity benzene. A variation of 
this process, called Dynaphen, has been proposed for 
upgrading liquid byproducts from the Great Plains 
coal gasification plant. 

WE] NOTES ACCOMPLISHMENTS IN SYNTHETIC FUELS 

The Western Research Institute (Will) recently 
reviewed some of the organization's accomplishments 
in the area of synthetic fuels. 

Will has its roots in the Bureau of Mines and 
University of Wyoming lab opened in 1924. Con-
ceived to develop petroleum resources in the West, 
the lab performed research in oil production until 
1930 when the depression closed the six-employee 
office from 1933 to 1935. 	 Growth ballooned when
President Roosevelt signed the Synthetic Liquid Fuels 
Act into law on April 4, 1944. 	 This law provided
for investigation of oil shale as a liquid fuels 
source. The Petroleum and Oil Shale Experiment 
Station was built on the University of Wyoming cam-
pus in 1947 to accommodate the expanded research 
program with Its 125 employees.

The 1960s brought a shift in oil shale research from 
above-ground retorting to in situ recovery and the 
addition of an asphalt research program. In situ 
coal gasification and tar sand recovery programs 
were initiated in 1972. Also in the 1970s, more 
emphasis was placed on the environmental aspects of 
alternate fuels. The lab became part of the Energy 
Research and Development Administration in 1974. 
Three years later the lab and its programs were 
transferred to the Department of Energy, and the 
Laramie Energy Technology Center was created. 

In	 1983	 there	 was	 yet	 another	 change--
defederalization--wlth	 the	 creation	 of	 Western 
Research Institute, a nonprofit affiliate of the 
University of Wyoming Research Corporation. Will is 
one of the few organizations that has survived the 
drop in energy prices to continue its work on syn-
thetic fuels and other solutions to the nation's 
long-term domestic energy supply problems. 

Will, with funding from the Department of Energy 
and the Gas Research Institute, has developed tech-
nology and methods to mitigate environmental im-
pacts from underground coal gasification (UCG). 
These new methods were successfully demonstrated at 
the Rocky Mountain 1 (RMI) UCG test site near 
Hanna, Wyoming. It is the largest UCG project ever 
conducted in the United States. The $13 million 
test, concluded on February 26, 1988, consumed over 
14,000	 tons	 of	 coal	 and	 produced	 over
165 million BTU of energy. 

Results to date for RMI show that the gasification 
process had only very small impacts on very local-
ized groundwater and adjacent geological structures. 
Tests at RMI showed the commercial potential of 
the UCG process and, more importantly, proved the 
process can be conducted in an environmentally ac-
ceptable manner. 

Past UCG	 programs	 involved	 large-scale testing	 in 
Will's block	 reactor	 investigating process and	 en-
vironmental mitigation	 factors. These tests	 have 
been applied to eastern	 bituminous coals, which	 are 
likely candidates	 for	 the	 next stage of	 UCG 
demonstration.

Shale Oil-Modified Asphalt Roadways 

Each year the United States spends over $10 billion 
on asphalt and asphalt-related paving materials for 
construction and maintenance of 1.9 million miles of 
asphalt-concrete roadways. An improvement of only 
a few percent in a roadway's lifetime would repre-
sent substantial savings of tax money yearly in con-
struction and maintenance costs. 

Moisture damage and binder embrittlement are two 
major causes of asphalt pavement failure. As part 
of the continuing asphalt program at Will in con-
junction with New Paraho Corporation, scientists have 
shown that certain compound types in shale oil are 
advantageous in the asphalt-aggregate bonding 
process. These compounds have the potential to sig-
nificantly Improve a pavement mixture's resistance to 
moisture damage. 	 Another promising find is the 
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reduction in long-term binder embrittlement of a 
shale oil-modified asphalt in comparison to that of 
unmodified petroleum asphalt.

liquids will be upgraded into feedstock for producing 
chemicals and transportation fuels. 

Will's Exploratory and New Products Division and New 
Paraho Corporation plan to conduct field tests of 
shale oil-modified asphalts to determine whether 
these materials will produce more durable and longer 
lasting pavements and also to study the environmen-
tal acceptability of shale oil-modified asphalts. The 
remaining portions of shale oil will be evaluated for 
other uses including transportation fuel. 

Contaminants Removed by Electrocoagulation 

A new electrocoagulation process developed by Will 
and the Clean lip and Recovery Corporation can 
remove up to 99 percent of certain contaminants 
such as coal fines and oil emulsions. By forcing 
wastewater through electrical fields, contaminants 
coagulate into a sludge that is easily removed. 
Positively charged dissolved contaminants such as 
cadmium and arsenic can also be removed, as well 
as negatively charged ions such as fluoride, phos-
phates and cyanide. Cost of this cleanup technique 
can be as low as 10 percent of the cost of com-
peting methods. 

Clean Coal Program 

Will and co-venturers are proposing to build and 
operate a coal cleaning plant at WRI's engineering 
research and demonstration facility known as the 
North Site. The plant is intended to demonstrate 
the capabilities of the ChernCoal Process technology. 
Will, Carbon Resources, Inc. and Williams Technologies 
are seeking funding from the State of Wyoming's 
Clean Coal Program for this venture. 

The ChemCoal Process produces a variety of coal-
derived products for transportation, electric power 
generation and petrochemical processing. Successful 
demonstration at the North Site could result in the 
construction of commercial ChemCoal plants and 
would increase the economic value of and market 
for Wyoming coal. 

Mild Gasification Research 

The Department of Energy has chosen WRI to lead a 
research team, including AMAX and Riley Stoker, to 
develop second generation improvements in mild 
gasification technology. Recent advances in 
chemistry and engineering are opening avenues for 
increasing the production of high value products, 
especially hydrocarbon liquids, by mild gasification of 
coal heating in the absence of air. 

WRI has developed new Inclined fluidized bed reac-
tors for pyrolyzing coal at temperatures and pres-
sures lower than those typically used in coal 
gasification. Coal will by pyrolyzed to produce oil, 
gas and char. The char has a higher heating value 
than the original coal because all moisture is 
removed. The char is also more porous than coal 
and can be further processed by beneficlatlon into a 
clean fuel by removal of sulfur and ash. The coal

Fossil Energy Resource Recovery 

Will conducted for Argonne National Laboratory a 
program to develop concepts for producing Alaskan 
fossil energy resources. Will's assessment will be 
part of a larger report for the Department of 
Energy on novel recovery technologies having the 
potential to increase production and improve profit 
potential. Will's report covers ideas and research 
not currently In commercial use to facilitate the ex-
ploration, production, conversion, and processing of 
fossil resources, with emphasis on heavy oil and tar 
sand deposits on Alaska's North Slope. 

GM CUTS BACK ON GASIFICATION RESEARCH 

The Gas Research Institute's (Gill) 1989-1993 R&D 
Plan and 1989 R&D Program was submitted to the 
Federal Energy Regulatory Commission on June 1, 
1988 for approval. The Application requests no in-
crease In the Gill funding unit for 1989. It is 
proposed that the GRI obligations budget be held es-
sentially constant at a level of $175 million and the 
funding unit remain at the 1988 approved level of 
1.51 cents per thousand cubic feet. Furthermore, 
the five-year plan projects no increase for 1990, 
with a slight upward adjustment to 1.56 cents per 
thousand cubic feet for 1991-1993. 

According to Gill's latest projections, the incremental 
lower-48 natural gas production that depends upon 
advanced natural gas supply technologies (see 
Figure 1) Is projected to provide about two percent, 
or 0.3 quad, by 1990; 13 percent, or 2.6 quads, of 
United States gas demand by 2000; and almost 
27 percent of United States gas demand, 	 or 
5.4 quads, by 2010. This production will include 
more intensive, or secondary, recovery from dis-
covered fields; incremental production from low-
permeability, or "tight", sands and Devonian shale; 
coal seam methane; and gas from watered-out reser-
voirs. The contribution to gaseous fuel supply by 
SNG produced from coal using the existing Great 
Plains coal gasification plant and, after 2000, two 
half-sized plants using advanced technology, Is 
projected at 0.1 quad In 2010 (Table 1). Significant 
reductions in the cost of SNG from coal through 
R&D could increase the contribution of coal gasifica-
tion to the energy slate in the post-2000 time 
frame; however, coal gasification is not expected by 
Gill to contribute significantly to the energy mix 
during the first decade of the next century. 

The proportion of Gill funds directed toward Supply 
Options R&D Is increased to 27.2 percent of the to-
tal R&D obligations budget in 1989, compared to 
25.7 percent in 1988. This 1989 budget allocation 
reflects the net effect of (1) increased Gill support 
for near-term development of advanced technologies 
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FIGURE 1 

PROJECTED IMPACT OF ADVANCED
GAS SUPPLY TECHNOLOGIES 
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for	 recovery	 of	 selected	 tight-formation	 gas
resources and for secondary gas recovery and (2) 
further reduction of funding for SNC R&D. As 
Shown in Figure 2, the 1989 budget percentage for 
Supply Options reverses the trend, in evidence In 
every year (except 1986) since 1979, of a decline in 
the Supply Options budget percentage. This 
downward trend was reversed at the request of all 
four of GR1's Board-level Advisory Bodies to increase 
the emphasis on near-term supply R&D, in view of 
the drastically reduced levels of exploration and 
production activity in the United States and reduc-
tion in the size of the gas bubble. The 1989 
Supply Options budget is compared to 1988 funding 
in Table 2. 

Substitute Natural Gas Supply 

The CRI funding for the Substitute Natural Gas 
Supply Subprogram under Supply Options has been 
reduced significantly for 1989. Planned 1989 obliga-
tions funding for research on production of SNG 
from surface and In situ gasification of coal has 
been reduced to $1.9 million, compared to ap-
proximately $2.9 million in 1988. This funding 
reduction reflects the GRI assessment that SNG from 
coal win not be cost-competitive with alternative 
fuels until well beyond the year 2000. Nevertheless, 
GRI continues to believe the coal resource base may 
be particularly important to the gas Industry In the 
next century and that breakthroughs in catalysis, 
materials and process technologies are possible and 
that such breakthroughs could significantly Improve 
the economics of SNG from coal. 	 In concert with

this view, GRI has further reduced funding In this 
area and has continued to redirect the R&D effort 
to focus on long-term development of advanced 
gasification processes, with lesser emphasis on 
research directed at downstream gas-processing tech-
nologies that are potentially applicable to both ad-
vanced and selected emerging coal gasification sys-
tem. 

GRI's applied R&D on coal gasification Is now or-
ganized Into one project area: Coal Gasification, 
which combines surface coal gasification with the In 
Situ Coal Gasification Technology research formerly 
pursued in a separate project area. The majority of 
R&D in the Coal Gasification Project Area Is 
directed at gasifying mined coal in surface facilities 
where the coal is crushed to a predetermined size 
and fed Into a gasifier. 

Advanced surface gasification and In situ gasification 
address separate Issues in GRI's coal gasification 
strategy due to differences in technology and in the 
targeted resource base. Surface coal gasification 
can be carefully controlled and has some flexibility 
in siting, since the coal is mined and brought to a 
centralized plant. On the other hand, in situ 
gasification does not require capital outlays as large 
as those required for a surface gasifier system and 
for related coal mining, transportation, and storage. 
However,	 because gasification occurs below the 
ground within the coal seam, process monitoring and 
control can be difficult. Nonetheless, an attractive 
aspect of In situ gasification is that the coal 
feedstock costs can be very low and the technology 
can be applied to the very large coal resource base 
that is too deep or otherwise unsuitable to be 
economically mined with foreseeable technology. 

With regard to the potential impact of coal gasifica-
tion R&D on the cost of SNG from coal, GRI's 
recent studies indicate that in situ gasification can 
offer as much as a 15 to 35 percent cost advantage 
over present-day surface gasification technology, due 
primarily to the low cost of unmineable coal. In 
addition, in situ gasification can eliminate the ad-
verse environmental impacts that accompany mining 
activities. it is also clear, however, that environ-
mental issues unique to in situ gasification (such as 
groundwater pollution and subsidence) need to be ad-
dressed. GRI-supported development of advanced 
surface coal gasification technology will be targeted 
to achieve a 25 to 40 percent reduction in gas cost 
compared to coal gasification systems presently in 
use, making It competitive with the marginal cost of 
natural gas in the 2000 to 2010 period. 	 GRI 

supported R&D on both surface and in situ gasifica-
tion is long term and high risk, but potentially high 
payoff in nature. 

Gi1icatiu. Strategy Overview 

GRI's strategy In coal gasification research has three 
elements: (1) identify and evaluate significant 
breakthroughs in surface coal gasification systems, 
both gasifiers and downstream processing, (2) con-
tinue low level effort on downstream advancements 
already identified by GRI, on the assumption that 
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TABLE 1 

1987 (I BASELINE PR0JBGrION OF GAS SUPPLIES (QUADS) 

Current Practice 1986 1990 2000 2010 

Domestic Production 16.6 16.3 14.3 9.3 
Canadian Imports 0.8 0.9 1.4 1.1 
LP13 Imports 00a 0.1 0.3 0.8 
Supplemental Sources' 00a,' 0.2 0.3 0.3 

Subtotal: 17.4 17.5 16.3 11.5 

New Initiatives 

Lower-48 Adv. Tech. 0.0 0.3 2.6 5.4 
Alaskan Pipeline 0.0 0.0 0.0 1.2 
Canadian Frontier 0.0 0.0 0.5 0.7 
Other Imports 0.0 0.0 0.0 1.0 
Synthetics 0.0 0.0 0.0 0.1 

Subtotal: 0.0 0.3 3.1 8.4 

Total Supply 17.4 17.8 19.4 19.9 

aLess than 0.05 quad. 
blncluldes net	 injections to storage of 0.1 quad. 
1 lncludes S?G from petroleum and the Great Plains coal gasification plant.

FIGURE 2 
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advanced surface gasifiers will also be integrated 
with downstream processing systems, and (3) continue 
to evaluate the potential role of in situ coal 
gasification as a gas supply option for the 2000-
2005 time frame and conduct limited field-based 
evaluation of promising technical approaches. In ad-

dition, a comprehensive environment and safety (E&S) 
research program is addressing key environmental 
concerns unique to in situ technologies. 

CR! plans to continue to co-fund the development of 
in situ technology, for both flat and steeply-dipping 
coal resources, In both laboratory research and field 
tests, in conjunction with the Department of Energy 
and local Industry R&D programs at appropriate east-
ern and western United States sites, focusing on 
Controlled Retracting Injection Point (CHIP) technol-
ogy. CR1 will continue to evaluate the results of in 
situ R&D and will factor the potential contribution 
of in situ coal gasification into its overall gas 
supply strategy. Key research on associated en-
vironmental and safety issues will continue to be 
pursued primarily in the Substitute Natural Gas En-
vironmental and Safety Research Project Area (3.12), 
with extensive guidance from and interaction with 
this project area. 

From 1980 to 1986, CR1 funded R&D supporting the 
evaluation and development	 of two emerging 
gasification processes: the Westinghouse--now 
KRW--agglomerating-ash, fluid-bed process; and the 
slagging-ash, moving-bed process being developed by 
British Gas Corporation and Lurgi. Although CR1 
analyses continue to show advantages (compared to 
existing dry-bottom Lurgi technology) for both op-
tions, these emerging technologies are not expected 
to be cost competitive with other supplemental gas 
sources until well beyond the 2005-2010 time period. 
Consequently, further funding for agglomerating-ash, 
fluid-bed technology has been deferred by CR1 until 
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TABLE 2 

APPROVED 1988 AND PLANNED 1989 BUDGET FOR SUPPLY OfliGIS STUDIES 

Obligations ($1000) 
1988 1989 

Tight Gas Sands 10,900 10,550 
Eastern Devonian Gas Shales 5,220 4,670 
Secondary Gas Recovery Technologies 2,200 4,150 
Methane From Coal Deposits 6,455 6,480 
Advanced Technology for Exploration 

and Production 1,750 2,050 
Advanced Gas Processing 0 750 

Subtotal:	 Natural Gas Supply 26,525 28,650 

Coal Gasification 2,850 11900 
Subtotal: Substitute Natural Gas Supply 2,650 1,900 

Natural Gas Supply E&S Research 950 950 
Substitute Natural Gas Supply EaS Research 550 800 

Subtotal:	 Environment and Safety-Supply 1,500 1,750 

Coal Sciences 950 950 
Gasification Chemistry-- inorganic Sources 1,375 1,350 
Geosciences 1,150 2,700 
Biological Sciences 2,950 2,650 

Subtotal:	 Basic Sciences--Supply Options 6,425 7,650 

Supply Options Total 37,300 39,950

post-1990, and no support beyond 1988 is now 
planned for the slagging-ash, fixed-bed technology. 
GRI will continue to monitor the progress made by 
others in these areas, but will redirect its activities 
to address advanced gasification technologies and 
critical, downstream, gas-processing-unit operations. 

Gfl's R&D on advanced surface gasification processes 
Is directed at several approaches that appear 
promising, such as low-temperature catalytic 
gasification processes and in situ desulfurization. 
These advanced processes are targeted for use in 
the post-2005 period and will be designed to make 
possible significant reductions In the cost of produc-
ing SNG from coal. 

With regard to critical downstream gas-processing 
systems for use in coal gasification, GRI will con-
tinue to cofund selected research with industry and 
government in those areas of process technology and 
equipment design that offer the greatest prospect 
for enhancing plant operability and reliability or that 
afford the greatest potential cost savings. Such 
projects could include those related to the develop-
ment of novel catalysts and methaaation processes 
and improved cleanup processes. 	 This research will 
include technical and economic analyses. GR1 does 
not plan to support the scale-up of these tech-
nologies to commercial size in the near future. 

Because of the importance of sulfur recovery to a 
variety of gas industry operations, as well as its

particular interest for coal gasification applications, 
supporting research is In progress to evaluate 
present day technology. 

Core research on the characterization, treatment and 
disposal of waste streams from coal gasification 
processes is being conducted as one component of 
the Substitute Natural Gas Supply Environmental and 
Safety Research Project Area. 

The GRI strategy for continuing the development of 
in situ coal gasification is to participate in coopera-
tive research programs with the United States 
Department of Energy and industrial organizations, 
monitor the progress of field activities, support ad-
ditional technology base development activities and 
continue techno -economic evaluations of underground 
coal gasification as it relates to the production of 
SNG. 

In 1989, GR1's underground coal gasification activities 
will focus on the evaluation of the data resulting 
from the Rocky Mountain 1 experiment and a further 
expansion of the technology base relating to UCG in 
steeply dipping bed formations. Longer-range ac-
tivities could include an effort to extend the CRIP 
technology base developed in subbitumiaous coals to 
bituminous coals. The current plans reflect the ul-
timate need for a multiwell field test in some seg-
ment of the UCG resource base in 1993. 
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GOVERNMENT 

DOE SOLICITS OPINIONS ON ALTERNATIVE FUN. 
VEHICLES 

The Department of Energy (DOE), Office of Transpor-
tation Systems is interested in receiving comments 
on the practicability of designing, building and 
delivering vehicles that can operate on an alterna-
tive fuel In a highly efficient and effective manner. 

The DOE will not be procuring vehicles for the 
federal government, but serves as technical and 
general advisors to the General Services Administra-
tion in their function as the purchaser and other 
agencies as users of vehicles. The DOE is par-
ticularly interested in the following subjects or 
Issues: 

- The minimum quantity of vehicles necessary 
for the respondent to build at a production 
price. 

- Whether there is any special effect for a 
quantity of 5,000 vehicles total. 

- Whether there is any special effect for a 
quantity of 5,000 per year for four years. 

- The lead time required to provide the above 
quantity. 

- The fuels(s) on which the vehicle would 
operate. Whether these would be mono- or 
dual-fuel on-board storage/use. 

- The type(s) of vehicle that could be 
provided, and the number of different types 
that could be accommodated in the above 
situations. Specific ability to provide com-
pact or mid-size sedans. 

- Emissions and/or energy economy benefits 
that would be provided. 

- Benefits that would accrue to the vehicle 
manufacturer; to the industry. 

- Factors that would deter manufacturer Inter-
est (e.g. absence of Corporate Average Fuel 
Economy (CAFE) credits and alternative emis-
sions standards). 

Purchasing criteria that are presently envisioned are 
as follows: 

- The maximum cost of vehicles must comply 
with statuatory price limitations. 

- Life cycle costs, Including trade-in value of 
vehicles after three years and approximately 
40,000 miles, must be reasonably competitive 
with those for conventional gasoline-fueled 
vehicles.

- Standard warranty arrangements would apply. 

- Maintenance and parts must be available from 
local dealers. 

- Vehicles must meet all applicable federal and 
state regulations such as Environmental 
Protection Agency emissions requirements, 
Department of Transportation CAFE and safety 
standards, and California emissions standards, 
or receive waivers to them. 

- Performance, reliability, utilization and 
durability must be generally comparable to 
that of gasoline vehicles of the same type 
and class. 

- A sizeable portion of vehicles purchased will 
be used, at least Initially, in areas where 
the alternative fuel is not widely or 
regularly available, so the vehicles must be 
capable of being operated on gasoline. 

- Operational convenience,	 including that of 
refueling, and cost of alternative fuel 
vehicles need to be relatively close to that 
of present vehicles of comparable size and 
utility. 

FOSSIL ENERGY R&D AWARDS MADE TO SMALL 
BUSINESS 

The United States Department of Energy has selected 
135 proposals from small, high-technology firms In 24 
states for funding under its Small Business Innovation 
Research (SHIR) program. 

The proposals were chosen on the basis of scientific 
and technical merit form 1,214 submitted in 29 
technical, energy-related research topics ranging 
from advanced industrial sensors and control systems 
to high temperature superconducting materials. The 
contracts, which will average $50,000 for about six 
months, were expected to be awarded in late July. 

The SBIR program implements the Small Business In-
novation Development Act of 1982. The program 
aims at strengthening the role of small, innovative 
firms In areas of federally-funded research and 
development. This R&D, in turn, will help meet 
agency needs and serve as a base for technological 
innovation. 

Under the contracts, each firm will attempt to 
determine the feasibility of the proposed concept. 
After that, each will be eligible to compete for a 
second phase with funding up to $500,000 over two 
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years.	 During that time, the selected concepts 
would be further developed. It is expected that 
about half of the original contracts will be con-
tinued into the second phase. 

A list of the companies and research projects which 
have potential applications to the field of synthetic 
fuels follows: 

Geothermal Instrumentation 

Optical Technologies, Inc., Herndon, Virginia: 	 A
Fiber-Optic Pressure Sensor for Use in Welibores 

Chemical Sdenees Research 

Spire Corporation, Bedford, Massachusetts: Novel 
Electrically Conductive Membranes for Enhanced 
Chemical Separation 

Texas Research Institute, Austin, Texas: The Syn-
thesis of New Polypyrrones and their Evaluation as 
Gas Separation Membranes 

Coal Utilization and Conversion 

ADA Technologies, inc., Englewood, Colorado:	 The
Development of an NH 3 Detector for Process Control 
of Advanced NO 	 Removal Technologies for Coal
Fired Gas Streams 

Advanced Energy Dynamics, 	 Inc.,	 Natick,	 Mas-
sachusetts:	 Countercurrent Open Gradient Magnetic 
Separation of Pyrite from Coal 

Advanced Fuel Research, Inc., East Hartford, Connec-
ticut: Advanced Liquefaction by Temperature Staged 
Reactors 

CeraMem Corporation, Belmont, Massachusetts; 	 A
Ceramic Membrane for Gas Separations 

Coal Tech Corporation, Marion, Pennsylvania: Use of 
an Air Cooled Cyclone Coal Combustor to Convert 
Ash to Inert Slag 

ElectroChem, Inc., Woburn, Massachusetts: 	 Novel
Microparticles for Slurry Catalyzed Coal Liquefaction 

Eltron Research, Inc., Aurora, Illinois: A Spontaneous 
Electrochemical Claus Process for Sulfur Recovery 

PAl Corporation, Oak Ridge, Tennessee: A Novel 
Concept for Efficient Production of Liquid Fuels from 
Coal Using Flash Pyrolysis in Vibrated Fluidized Beth 

Fossil Energy Instrumentation 

Humbug Mountain Research Laboratories, 	 Duarte, 
California: Acoustical Resonance Measurement for 
Monitoring and Control of Pneumatically Conveyed 
Pulverized Coal 

LaserGenics Corporation, San Jose, California:	 High
Temperature Fiber Optic Sensors

Fcmil Energy Materials 

Coates Engineering Services, Palo Alto, California: 
Improvement of the Oxidation Resistance of Alumina 
Forming Alloys by Nitriding 

Enhanced Oil and Gas Recovery and Tar Sands 

Flow Research, Inc., Kent, Washington: The Develop-
ment of a High-Pressure Directional Drilling System 
for Gas Wells 

James W. Bunger and Associates, Inc., Salt Lake City, 
Utah: A Feasibility Study for the Production of 
Specification-Grade Asphalt from Utah Tar Sands 

Kasevich Associates Inc., Woburn, Massachusetts: An 
In Situ Antenna Array Applicator System for 
Enhanced Product Recovery 

R. L. Clsmpitt and Associates, Bartlesville, Oklahoma: 
Applying A Novel Steam-0O 2 Combination Process in 
Heavy Oil and Tar Sand Reservoirs 

Biotechnology for FU Energy 

Engineering	 Resources,	 Fayetteville,	 Arkansas:
Biological Production of Methanol from Methane 

J. K. Research, Bozeman, Montana: 	 Thermophiiiic
Microorganisms for Coal Biosolubilization 

Universal Fuel Development Associates, Grand Forks, 
North Dakota: Nonaqueous Enzymatic Processing of 
Coals 

CONGRESS APPROVES 16.5 PERCENT INCREASE IN 
FOSSIL ENERGY BUDGET 

The House-Senate Conference Committee approved an 
appropriations bill for the United States Interior 
Department and related agencies which includes a 
16.5 percent increase for fossil energy programs in 
fiscal 1989. They also agreed on $575 million for a 
third round of clean coal technology solicitations in 
fiscal year 1990, and decided to spread an additional 
$525 million over three fiscal years for clean coal 
technology projects chosen in earlier solicitations. 

For fiscal year 1989, $190 million will be available, 
followed by $135 million in fiscal year 1990 and 
$200 million in fiscal year 1991 (Table 1). 

Both houses must approve the compromise spending 
package before President Reagan can sign it. 

The conferees approved $241.79 million for coal R&D 
spending in fiscal year 1989--a 3.5 percent increase, 
including: 

Control Technology and Preparation - The package 
Includes $48.89 million, which is about $17 rnilllon 
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TABLE 1 

DOE CLEAN (XML AND FOSSIL ENERGY BUDGET 
(Millions) 

FY 1988	 FY 1989 
Approps	 House	 Senate	 Conference' 

Coal 

Control Technology & Coal Prep. $43.62 51.76 40.86 48.89 
Adv Res 5 Tech Dev 24.94 24.74 23.09 25.42 
Coal Liquefaction 27.13 31.33 27.79 31.56 
Combustion Systems 25.17 26.32 24.33 26.62 
Fuel Cells 34.20 27.03 22.03 26.53 
Heat Engines 17.95 21.33 24.43 22.83 
lEO 2.78 1.50 0.97 1.37 
ilagnetohydrodynamics 35.00 35.00 40.90 37.00 
Surface Gasification 23.00 15.26 22.43 21.57 

Total Coal 233.77 234.27 226.84 241.79 

Petroleum 

Enhanced Oil Recovery 16.54 23.02 22.38 22.58 
Adv Process Tech 3.43 3.39 4.19 4.20 
Oil Shale 9.50 8.33 9.78 10.53 

Total Petroleum 29.46 34.74 36.35 37.31 

Total Gas 10.53 10.23 16.53 11.38 

Program Direction & Other 80.31 78.03 88.03 89.53 

Subtotal, Fossil Energy R&D" 354.07 357.28 367.75 380.52 

Offsets, Other Adjustments -27.10 +0.08 +0.08 +0.08 

Fossil Energy R&D 326.98 357.36 367.83 380.60 

Clean Coal Technology 

Round 1 149.11 
Round 2 50.00 100.00 525.00 190.00"

'Final numbers from louse-Senate conference committee, as reported by DOE. 
**Includes management support, capital equipment, cooperative R&D, other. 
'"Conferees also approved advance appropriations of $135.00 for FY90 and $200.00 for 

FY91 to complete Round 2 funding; the conferees also approved $575.00 in FY90 for 
Round 3. 

more than the Reagan administration sought. It 
marks a 12 percent Jump from 1988 funding. Much 
of the money goes for gas stream cleanup. 

Advanced Research and Technology Development - 
The conferees agreed on $25.42 million, which Is 
even larger than either the Senate or House had 
initially wanted. 

Llquefaetice - The $31.56 million represents almost a 
tripling of what the Reagan administration asked for. 
Both chambers called for more R&D In coal-based 
liquid fuels for transportation sector use.

Combustion Systems - The conferees agreed on 
$26.61 million. Included were substantial increases 
for atmospheric as well as pressurized fluidized bed 
processes, as well as advanced combustion.	 The
White House sought $17.42 million. 

Fuel Cells - The final amount, $26.53 million, repre-
sents a cut from last year's $34.20 million. 	 The 
administration sought $6.63 million.	 The money is
spread among various fuel cell technologies. 

1-9	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988 



Heat Engine - Negotiators settled on $22.83 million, 
an 18 percent increase over 1988 funding. The 
White House wanted to cut that to $9 million. 

Underground Coal Gasification - UCO will get 
$1.37 million, about half its 1988 appropriation. The 
Reagan administration asked for just $270,000. 

Magnetohydrodynamics (MHD) - One of the few fund-
ing areas to trigger discussion during the House-
Senate conference was MHD, which gets $37 million. 

The Reagan administration sought no funding for MHD 
at all, but backers managed to win a $2 million In-
crease over 1988's funding. 

Surface Coal Gasification - Conferees approved 
$21.57 million--four times what the administration 
asked for. Much will go toward co-products 
research. 

The negotiators decided on $37.31 million for 
petroleum research, with enhanced oil recovery get-
ting the largest increase from 1988 levels. 

Advanced petroleum process techniques will get 
$4.20 million in 1989, compared with $3.43 million In 
1988. Oil shale research will get $10.53 million, 
compared with $9.50 million in 1988.

- Extended research on future methanol fuel 
supply sources, Including their cost and 
availability 

- Further development of a statewide methanol 
distribution system 

Beyond the RD&D stage, various levels of implemen-
tation actions by government and the private sector 
are open for consideration. Some have highly un-
certain outcomes with respect to their cost/benefit, 
market response, and other effects, suggesting a 
need for more analysis and evaluation. Others in-
volve less risk and can be pursued with more im-
mediate results. 

One particularly attractive near-term action con-
sidered by the Commission is replacement of conven-
tional fleet vehicles with alternative fueled vehicles. 
Government fleets throughout the state appear to 
offer an effective opportunity to initiate such ac-
tivity. All levels of government employ fleets of 
various types of vehicles, many of which are adapt-
able to one or more types of alternative fueled 
vehicles. CEC has previously recommended, in Its 
1987 Biennial Report, that governmental agencies In 
the state's non-attainment air basins establish 
programs to replace at least 50 percent of their 
petroleum motor fuel use with methanol by the 
year 2000. 

A sequence of steps toward government and utility 
fleet conversion to alternative fueled vehicles is 
outlined as follows: 

- A detailed survey of state, federal, and local 
government and electric and gas utility 
vehicle fleets to determine numbers, types, 
and locations of vehicles in use, rates of 
vehicle retirement and acquisition, vehicle 
service application (duty cycles), and travel 
characteristics, costs of vehicle and fleet 
operations, and other factors relevant to al-
ternative vehicle substitution. 

- A comprehensive matching of the vehicle in-
ventory developed by the above survey with 
available (or obtainable) alternative-fueled 
vehicles of various types to reveal suitable 
applications. 

- The development of a master plan for fleet 
conversion in consultation with auto manufac-
turers, with vehicle conversion industry, fuel 
suppliers and fleet representatives. 

- A determination of which fleet conversion 
decisions require administrative and/or legis-
lative direction and develop a package of 
coordinated actions to affect such decisions. 

Alternative Fuel Dexnonstrntien Program 

California's Alternative Fuel Demonstration Program 
was initiated in 1979, when gasoline shortages and 
skyrocketing oil prices had raised a public outcry 
about America's dependence on unpredictable energy 
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CALIFORNIA ENERGY COMMISSION CONTINUES 
METHANOL SUPPORT 

The California Energy Commission's (CEC) recently 
Issued Energy Development Report lays out a tech-
nology development action plan to meet California's 
future energy needs. Support for methanol as an 
automotive fuel is a key feature of the plan. 

The area of alternative fuels has received the most 
CEC activity to date and is the subject of most of 
the Commission's current RD&D efforts in transporta-
tion energy. Some of the methanol RD&D needs 
stated to be most worthy of near-term Involvement 
by California government and other state interests 
include! 

- Further demonstration, technology advance-
ment, and cost reduction for fuel-flexible 
vehicles 

- Expanded demonstration, manufacturer involve-
ment, and technology Improvement for diesel 
engine transit bus and heavy-duty truck ap-
plications 

- More conclusive determination of air quality 
implications, including resolution of technical 
concerns regarding control of formaldehyde 
emissions and evaporative emissions associated 
with methanol-gasoline blends



sources. The State Legislature authorized funds "to 
investigate the practicality and cost effectiveness of 
alternative motor vehicle fuels." This Initial direc-
tive led to the development of a program which 
evaluated fuels capable of being domestically 
produced with realistic potential as substitutes for 
gasoline and diesel and consistent with California's 
air quality goals. These alternative fuels Included 
electricity, natural gas, methanol, ethanol, hydrogen, 
and propane. Methanol appeared to be a fuel with 
great potential as a replacement for petroleum on a 
widespread basis and as a strategy to help solve the 
state's air quality problems. 

After an initial vehicle demonstration project which 
evaluated the feasibility of operating gasoline 
vehicles on fuels blended with low levels (5, 10, and 
15 percent ethanol and methanol) of alcohol, the 
CEC was directed through legislation to undertake a 
motor vehicle testing program to demonstrate the 
use of neat alcohol fuels--both ethanol and 
methanol--in state and county government vehicle 
fleets. This legislation spawned three fleet 
demonstrations which formed the Alcohol Fleet 
Demonstration Program. 

Fleet One consisted of twelve Ford Pinto--eight 
retrofitted to operate on neat alcohol fuels. Four 
vehicles used methanol fuel; four used ethanol fuel; 
and four served as gasoline control vehicles. 

Fleet Two consisted of 40 1981 model Volkswagen 
Rabbit sedans and pickups, 39 of which were 
specifically designed and manufactured to operate on 
methanol and ethanol fuels; the remaining vehicle 
was used as a gasoline control. 

Fleet Three consisted of 55 1981 model Ford Escort 
station wagons, 40 of which were designed by the 
manufacturer to operate on neat methanol fuel; 
15 served as gasoline control vehicles. 

The results from these early fleet demonstrations 
showed that alcohol fuels were excellent substitutes 
or gasoline. Although the vehicles used in these 

demonstrations were slightly modified versions of 
their gasoline counterparts, improvements were noted 
in vehicle performance.	 All of the vehicles were 
designed to meet California's emission standards. 

Based on the results of the initial Alcohol Fleet 
Demonstration Program, the State Legislature in 1982 
authorized funding for the next phase of the vehicle 
development and demonstration. This new phase 
resulted in the purchase of 506 1983 model Ford Es-
cort sedans and the establishment of 20 methanol 
fueling facilities, 17 of which are at retail service

stations throughout California. This is the largest 
fleet of methanol-fueled vehicles ever to be tested 
anywhere In the world and is continuing to accumu-
late operating experience at a rate of four million 
miles per year. In combination with the first three 
fleets, the California Methanol program has logged 
more than 12 million miles on the road since 1980. 

In addition to activities with light-duty vehicles 
(automobiles), the California Methanol Program has 
also explored the use of methanol in heavy-duty 
vehicles. The program Introduced the first 
methanol-fueled buses for revenue service In the 
United States In 1983.	 The first methanol coach
delivered was built by General Motors with a Detroit 
Diesel Allison (DDA) engine. The DDA engine was 
the first ever built for compression Ignition with 
100 percent methanol. A second methanol bus was 
built and delivered by M.A.N. of West Germany. 
Both vehicles continue to be operated In transit 
service at the Golden Gate Transit District near San 
Francisco and have accumulated nearly 100,000 miles 
of service. Another heavy-duty methanol vehicle 
program involved a methanol-fueled tractor supplied 
by Komatsu of Japan, which has been tested in 
farming operations for over 1 9 400 hours of service 
at the California State University at Chico. 

In 1984, the CEC joined with the California Air 
Resources Board and the South Coast Air Quality 
Management District to form the Methanol Task 
Force. With direction from the state legislature and 
with significant contributions from private industry, 
the California Methanol Program in 1987 initiated 
four new projects to further the development of 
methanol as a viable fuel for transportation. 

To encourage the production of methanol-fueled 
vehicles by the automobile industry, the CEC has es-
tablished agreements with two major oil companies 
--Arco and Chevron--to build up to 50 methanol 
fueling facilities at their retail service stations in 
California. These stations will be selected to serve 
a new generation of methanol vehicle technology, 
the Flexible Fuel Vehicle (FFV). FFV technology al-
lows the use of methanol or gasoline or any mixture 
of the two without any special driver action. The 
second project has the goal of introducing up to 
5,000 FFVs by 1993. The third project in this new 
program Involves the demonstration of methanol in 
heavy-duty trucks. This activity will be designed to 
place a variety of engine models In different service 
environments that have traditionally depended on 
diesel fuel. 
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ENERGY POLICY AND FORECASTS 

NBC RECOMMENDS CHEMICAL ENGINEERING RESEARCH 
IN ALTERNATE ENERGY 

A National Research Council (NBC) report published 
in June, Frontiers in Chemical Engineering, projects a 
new era in chemical engineering and urges changes 
In education and research funding. 

The machine revolution of the 19th century 
profoundly altered world industry, transforming the 
United States and many other nations into industrial 
powers. Today's industrial progress is often based 
on manipulation of molecules rather than machines. 
Chemical engineering, as the central field for 
development of new molecule-based technologies, will 
play an increasingly important role in United States 
industrial success, according to the report. 

"The Moral Equivalent of War"--this summons to 
respond to the energy crisis, uttered by President 
Jimmy Carter less than 10 years ago, today seems so 
remote to most people that it might be the subject 
of a good trivia question. The mid-1980s are wit-
ness to a vast demobilization of resources and per-
sonnel once committed to energy research. Armies 
of researchers have been redirected, retired, or laid 
off.	 Pilot and demonstration facilities have been 
mothballed.	 Spending on alternative fuels research 
has dwindled. The cumulative effect of this rapid 
negative change is to discourage serious considera-
tion of the formidable energy problems that remain 
unsolved. 

Yet, says the report, there Is nothing trivial about 
energy. The cost of energy over the last decade 
has had a significant influence on the rate of infla-
tion in the United States. 	 The energy processing
industries constitute one of the country's largest in-
dustrial segments. In 1985, shipments of petroleum 
and coal products amounted to $194 billion, and the 
value of natural gas produced in the United States 
exceeded $42 billion. The availability of secure fuel 
supplies Is vital to national defense. Cheap and 
abundant energy supplies are just as important to 
national economic competitiveness in peacetime. No 
industrial segment has a greater impact on national 
wellbeing, jobs, defense, and economic competitive-
ness. 

According to the NBC, short-term projections of 
prices and of the availability of resources are poor 
guides to a national policy for research. It is vir-
tually impossible to predict the course that energy 
prices will take over the next few years or to 
prognosticate political events that might affect the 
supply of energy to the United States. 

What seems predictable is that the cost of producing 
oil and minerals in the United States will be in-
fluenced by the rate of depletion of recoverable 
domestic sources. This rate will in turn be in-
fluenced by the economics of recovering usable

materials from these domestic sources.	 Therefore,
recommendations were made in several areas. 

In Situ Processing of Energy and Mineral Resources 

The United States has historically benefited from 
rich domestic resources of minerals and fuels located 
In readily accessible parts of the earths crust. 
These easily reached resources are being rapidly 
depleted. A long-range solution to this problem in 
chemical engineering terms is to use chemical reac-
tions to extract underground resources, with the 
earth itself as the reaction vessel. 	 This Is known 
as in situ processing. 	 Enhanced all recovery Is the
most successful current example of in situ process-
ing. Long-range research aimed at oil, shale, tar 
sands, coal, and mineral resources is needed. Some 
research priorities for chemical engineers include 
separation processes, improved materials, combustion 
processes, and advanced methods of process design, 
scaleup, and control. Research on in situ processing 
will require collaboration between chemical engineers 
and scientists and engineers skilled in areas such as 
geology, geophysics, hydrology, environmental science, 
mechanical engineering, physics, mineralogy, materials 
science, metallurgy, surface and colloid science, and 
chemistry. 

Liquid Fuels for the Future 

Our current and foreseeable transportation tech-
nologies depend completely on a plentiful supply of 
liquid fossil fuels. Anticipatory research to ensure a 
future supply of these fuels is a wise investment 
says the council. Research of this type poses a 
number of challenges in chemical engineering, includ-
ing: 

- Finding new chemical process pathways in the 
production of liquid fuels from solid and 
gaseous resources. 

- Processing solids, since equipment design and 
scale-up are greatly limited by lack of fun-
damental understanding of solids behavior. 

- Developing better separation processes. 

- Conducting research on materials capable of 
withstanding the extreme processing condi-
tions that may be encountered when process-
ing liquid fuels. 

- Advancing the state of the art in the design, 
scaleup, and control of processes. 

Processing Solids 

The handling of coal and oil shale could be improved 
by research on the mechanics of pneumatic and 
slurry transport of particulate solids. Particular at-
tention must be given to plugging, attrition, and 
erosion. 
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Improved processes for coal liquefaction and 
gasification could come from research on particulate 
transport in high-pressure gas fluidized beds of large 
particles. Chemical reaction processes in systems of 
moving particles, especially at high temperatures and 
pressures, must be understood better. There are 
also the related issues of how particles are con-
sumed or created by chemical reaction, how particle 
agglomeration and sintering occur, and how hot, 
sticky particles can be transported. 

Equipment design and scaleup are great challenges 
whenever solids are to be processed on a large 
scale. Advances in the basic understanding of solid 
processing must be translated into practical, reliable 
designs. 

Advances in Design and Scaleup 

Many of the shortcomings of energy processing arise 
from a lack of sufficient powerfully design scaleup 
procedures for the practicing chemical engineer. 
The goal of research should be the ability to design 
large units from first principles in small-scale ex-
periments. This has been done in the past. 

Scaleup factors of 50,000 have not been uncommon 
for petroleum and refining technology. Due to a 
lack of basic data on large-scale solid processing, 
however, empiricism will continue to prevail until 
pilot plants and demonstration projects are success-
fully modeled. 	 Today, scaleup factors In solid
processing are typically two to five. 

Research on hot moving solid requires an understand-
ing of individual pieces of equipment and then whole 
systems to obtain reliable data for scaleup. The 
cost of such research is out of the reach of ordi-
nary academic research facilities and of all but the 
largest industrial and government laboratories. Ap-
plication of the research results to Improve commer-
cial oil shale retorting will require large pilot 
plants, followed by demonstration plants or single 
commercial modules. Such research needs discipli-
nary teams in sustained activities over a long period 
of time. 

The problems of ever-increasing construction costs 
date from the mega-project concept following World 
War II and the race towards an overnight synthetic 
fuels industry. Nevertheless, states the NBC, large 
construction projects will be needed if coal gasifica-
tion, coal liquefaction, and oil shale processing are 
to become commercial realities. Incentives are great 
to develop lower cost design and construction 
methods. Noteworthy concepts are modular construc-
tions from preassembled units and the organization 
of construction Into multiple small projects.

LARGE WORLD OIL PRICE INCREASE CALLED 
INK VITABLE 

The current slump in the world oil market, charac-
terized by volatile and low oil prices is setting fun-
damental forces in motion which will combine to 
create another oil crisis, concludes Canadian Ener-
data Ltd. in its 1988 Long-Term Energy Price 
Forecast. Canadian Enerdata Ltd. is an energy con-
sulting firm based in Markham, Ontario. 

According to Enerdata, "No matter how you look at 
It, It is just a matter of time before crude oil 
prices begin to increase in real terms and, in 
general, the longer that world oil prices stay low, 
the faster they will rise in the future and the 
larger the Increase in price." 

After analyzing a number of world oil supply and 
demand scenarios, the study's basic message was the 
same. Despite uncertain gains or losses In the 
short-term, world oil prices begin to Increase sub-
stantially in the early 1990s. From a low of 
US$15.00 per barrel in 1986, Enerdata forecasts that 
the average world oil price will increase to 
$22.50 per barrel in 1990 and $35.50 per barrel In 
1995 (see Figure 1).

FIGURE 1 

ENERDATA LONG-TERM WORLD OIL 
PRICE FORECAST (1987 US$/Bbl) 
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According to Enerdata, oil market fundamentals, both 
geological and economic, point to an oil industry up-
turn sometime between 1989 and 1995, most probably 
In 1992, which will last to the end of the century. 
"Consequently, the next two to three years is a 
critical period of transition for the industry - a 
window of opportunity - which will provide oil com-
panies and investors with the opportunity to position 
themselves to maximize asset appreciation by locking 
in current low costs of developing or acquiring oil 
and gas producing properties and reserves," Enerdata 
concluded. 

Furthermore, according to Enerdata, the long-term 
outlook for the world oil market suggests that in 
order to avoid an over-dependence on OPEC oil sup-
plies, investment in conventional and non 
conventional oil supply development must begin now. 
The Enerdata analysis suggests that such investments 
would be economical given its outlook for oil prices. 

The study focuses on three key players in the world 
oil market which interact to create the scenario for 
higher oil prices. 

The United States, the world's largest oil consumer, 
is becoming alarmingly dependent on imported oil. 
The United States Department of Energy projects an 
acceleration in the rate of growth of imports, based 
on crude oil prices between $14 and $20 per barrel, 
which suggests that they will account for 50 percent 
of consumption by 1990 and up to 60 percent by 
1995. This compares with only 33 percent in 1973, 
prior to the first oil crisis. Coupling the accelerat-
ing decline in United States oil production with just 
a modest increase in yearly consumption means that 
the United States will be a captive oil consumer and 
will have to bid up the price in order to ensure a 
secure supply for the future. Security aside, the 
opportunity cost of the surging United States oil im-
port bill is huge, amounting to $35 billion in 1986 
and to an estimated $60 billion by 1990. 

The world's largest oil supplier (OPEC), will regain 
command of the world oil market as oil demand in-
creases and low cost conventional oil supplies 
decline. Non-OPEC oil supplies will not increase and 
most likely decline in the next few years essentially 
removing the damper on world oil prices. 

The Enerdata forecast looks at several key statistics 
which place the relative oil supply capability of 
OPEC and non-OPEC oil producers in perspective. 

First, is the reserves to production, or ft/P ratio 
which essentially measures the "life" of reserves at 
today's production rate. The life of OPEC's reserves 
is 77 years compared to only 14 years for non-OPEC 
reserves. Second, almost two-thirds of existing 
non-OPEC oil reserves have already been produced 
compared to only one-third for OPEC oil reserves. 
Third,	 OPEC has 70 percent of the world's 
recoverable oil reserves. 

According to Enerdata, what these statistics are 
saying is quite clear. Namely that, unless the non-
OPEC world finds a lot of oil in a hurry, it will

become increasingly dependent on low cost OPEC oil. 
Unfortunately, Enerdata notes, non-OPEC oil producers 
will be hard pressed to increase their current 
production levels by 1990, let alone meet even 
modestly growing worldwide oil demand. New con-
ventional oil supplies from the Far East and South 
America will be offset by declines in the United 
States, Canada and North Sen. Non-conventional oil 
supplies from the offshore, the Arctic, heavy oil and 
oil sands are stalled because current oil prices are 
too low. There are geological constraints as well, 
because only two giant oil fields (greater than five 
billion barrels) have been discovered in the last 
20 years compared with 35 before that (26 of which 
are within OPEC). 

Domestically, the current level of oil prices has 
resulted in low levels of investment in the explora-
tion for and development of Canadian oil. Says 
Enerdata, "Unless there is considerable fiscal assis-
tance to the oil industry now, Canadian oil supply, 
particularly light oil, will decline dramatically. Con-
ventional sources of light oil are depleting rapidly 
and incremental light oil supply in the long-term 
will need to come from non-conventional sources like 
oil	 sands	 plants,	 offshore	 and	 Arctic	 oil
developments." 

LOW Oil. PRICES WILL NOT LAST SAYS HARVARD 
STUDY 

Harvard University's Energy and Environmental Policy 
Center has renewed a warning that low oil prices 
will not last indefinitely. 

In a new study, Lower Oil Prices: Mapping the Im-
ES the Harvard center assesses the effect of 
lower oil prices on the supply chain, world demand, 
productivity and economic growth, and the global 
macroeconomy. 

The study notes the world oil market has been 
rocked by three price crises in recent times, upward 
spikes in 1973-74 and 1978-19 and a downward spike 
in 1986. 

Oil prices have nearly halved in nominal terms since 
the beginning of the decade. Adjusting for inflation 
and for currency movements, the price paid for im-
ported oil by most industrial countries is at a 15-
year low. 

The implications of lower oil prices have not yet 
been mapped fully, but in each area, the impact has 
been profound and far-reaching. Short term, con-
sumers have been "gainers" and producers have been 
"losers"; the impact on the industry has been mixed, 
but on balance unfavorable. Given the vagaries of 
the world oil market, the Center says that low 
prices will not last indefinitely. 	 Ironically, low
prices today sow the seeds for high prices tomorrow 
by encouraging use, 	 by improving prospects for 
economic growth, by shifting demand back to the 
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OPEC countries, and by lulling consumers, industries, 	 demand adjusted to higher prices, if only 
and governments into energy security complacency.	 It is wrong again, says the Harvard Center. 

Traditionally, the bulk of OPEC oil production was 
sold directly to multinational companies at official 
prices under long-term contracts, with occasional 
sales on a spot basis and at negotiated prices to 
smaller refiners and traders. In the wake of the 
Iranian revolution, panicky buyersconcerned that 
the	 multinationals	 might	 not	 fulfill	 supply
obligations--rushed to the OPEC countries and began 
to increase spot purchases and bid up prices. The 
importance of the contract market shrank, and spot 
transactions became the order of the day. 

As demand for OPEC oil began to fall, the producers 
adopted a wide range of so-called "tertiary" trading 
vehicles such as barter, counter-trade, processing, 
and crude-crude packaging to hide discounts and at-
tract longer-term purchasers. By 1986, the shaky 
OPEC pricing system broke down altogether with the 
advent of netback deals in which crude was priced 
on the basis of the realized value of Its refined 
products. The report concludes that, market 
"fundamentals" and OPEC politics notwithstanding, the 
change in trading channels and strategies generally, 
and the large-scale use of netbacks specifically, best 
explain why world oil prices more than halved in 
the first six months of 1986. 

OPEC has since returned to a system of official 
prices with a stated preference, once again, for 
term sales to the multinationals. In many respects, 
the situation today resembles the one prevailing in 
1985 (and before), although the mix and specifics of 
contractual relationships have changed. 

Most studies of the world oil outlook underscore the 
great problems facing oil producers and predict a 
long interlude of excess supply and relatively low 
prices. However, the Harvard study, which turns to 
the impact of oil prices on oil demand, emphasizes 
instead the cyclical aspects of the oil market and 
anticipates an early resurgence of demand and price 
pressures. Given the long lead times required to 
Implement industry and government energy programs, 
the difference in views matters greatly. 

Most current government and industry 
imply that after adjusting for the 
economic growth, the use of oil will 
decline at the same pace as during 
decade when prices were often twice 
level. 

Such projections seem to embody the mirror image 
of the oil market analysis dominant in the early 
1970s. Then the Implicit assumption was that oil 
prices did not matter, that oil demand would con-
tinue to grow In the face of higher prices, with in-
evitable and continuing excesses of demand over 
supply. Now the implicit assumption behind projec-
tions of a soft oil market is that oil prices again 
do not matter, that oil demand will continue to fall 
in the face of lower prices, with Inevitable excesses 
of supply. The conventional view was wrong before,

Abrupt changes In oil prices affect world aggregate 
demand by suddenly shifting real purchasing power 
from oil consumers to oil producers (in the IONs) or 
In the other direction (In the 1980s). Those who 
lose from the change generally must reduce, quickly, 
their expenditures on non-oil goods and services, 
while those who gain may take some time to in-
crease their expenditures on non-oil goods and serv-
ices. The net effect is a reduction in aggregate 
demand, irrespective of the direction of a large oil 
price change. This explains why the oil price crash 
of 1986 paradoxically led to a reduction of economic 
growth in the industrial countries, not an increase. 
Such contractionary impacts will eventually be self-
correcting as gainers increase their expenditure; but 
In the meantime, depending on other features of the 
world economy at the time of disruption and on 
policy response by major countries, the contraction 
can be severe. 

NATIONAL ACADEMY OF ENGINEERING CALLS FOR 
STRENGTHENING U.S. INDUSTRY 

High-quality products,	 continuous improvement in
goods and services, an Integrated team approach to 
design, development and production, and strong 
employee involvement--these are the key ingredients 
needed to strengthen the competitive position of 
United States Industry in world markets, a National 
Academy of Engineering (NAE) committee has found. 

At the request of the NAE Governing Council, the 
committee reviewed the role of technology and en-
gineering in improving United States economic com-
petitiveness. It concluded that new approaches to 
the use and management of technology are needed If 
United States industry hopes to keep up with its key 
rivals in the world economy. In addition, it said, a 
more cooperative working relationship between in-
dustry and government and a broader definition of 
the federal government's role In supporting the suc-
cess of United States industries Is essential. 

In recent years the issue of national competitiveness, 
the ability of United States industry to compete in 
global markets, has become a central concern both 
for policy makers in industry and government and 
for individuals. The ability of the United States to 
maintain or increase the standard of living of United 
States citizens in the face of increasing global 
economic competition is a multifaceted problem. It 
is affected by a wide array of factors, including 
monetary and fiscal policies, industrial practices, the 
structure and behavior of financial markets, social 
norms	 and	 expectations,	 and	 technological
capabilities,

notes that technological advance plays 
both In changing the environment of 
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competition and in providing firms with a capability 
to excel in their products and processes. The new 
report focuses on the rote of technology and en-
gineering in improving United States competitiveness 
and offers some important ideas, drawn from the en-
gineering world, for the directions needed to improve 
competitiveness. In particular, the themes of quality 
and continuous improvement in actions, policies, and 
organizations are recognized as central to achieving 
national competitiveness. 

Although United States consumers and businesses have 
benefited from expanded international trade, there is 
now widespread concern that the magnitude of the 
inroads into United States domestic markets signals a 
decline in the ability of United States producers to 
compete in global markets. The United States mer-
chandise trade deficit reached $130 billion In 1986. 
Motor vehicles contributed the most to the manufac-
tures trade imbalance (Figure 1). Curiously, the 
report excludes energy products. 

Can products and services produced in the United 
States	 compete	 successfully	 in	 the	 world 
marketplace? Should one view the large United 
States trade deficit, the domination by overseas 
manufacturers of major markets for technologically 
advanced products, and the fact that many com-
monplace consumer products are now manufactured 
overseas as important indicators of fundamental 
changes in the capability of United States industry 
to compete? Do shifts in employment among various 
sectors of the economy indicate that the United 
States Is In danger of losing the ability to continue 

FIGURE 1 
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to provide meaningful employment to large segments 
of the population? These are but a few of the 
questions that are at the heart of concerns about 
national competitiveness. 

Industry 

In the United States the design, development, 
production, and marketing of goods and services for 
world markets are carried out by private businesses. 
Although individual businesses must choose strategies 
and tactics that fit specific competitive conditions, 
a commitment to good engineering practice--the 
careful attention to function, processes, and 
materials--is often the primary means for improving 
the quality and cost of a product or service. 
Developing consistent and mutually supportive techni-
cal and business strategies Is increasingly critical to 
the long-term success of a company. 

The study concludes that United States industry must 
commit itself to offering world-class products and 
services at competitive costs. The committee urges 
United States industry to embrace the concept of a 
product realization process, the importance of strong 
employee involvement, and a commitment to con-
tinuous Improvement. 

Government 

A wide range of government policies, procedures, and 
regulations critically influences the behavior and 
performance of industry. The report addresses both 
the effect of government economic and regulatory 
policies on the competitiveness of United States in-
dustry and the role of government support of the 
R&D enterprise related to Industry and commerce. 

With regard to government support of the national 
R&D enterprise, the committee says the changing 
character of global economic competition justifies a 
careful reassessment of the role of the federal 
government in supporting technical activities related 
to the civilian sector. In particular, the globaliza-
tion of markets, cooperation among foreign producers 
to reduce their technology development costs, and 
foreign government support of foreign firms have 
changed the competitive environment for United 
States firms	 Three specific recommendations were
made. 

- Mechanisms should be developed that en-
courage government and industry to work 
together more effectively to anticipate tech-
nological challenges. 

- The federal government must use its diverse 
capabilities to broadly encourage the tech-
nological developments that are critical to 
sustaining the competitive interests of the 
nation.	 Efforts need to be focused through
a designated group that can effectively in-
teract with nongovernment groups, including 
industry. 

- To ensure access to the proper information 
and analytic capability, 	 the government 
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should foster supporting activities that 
provide high quality, In-depth analyses of the 
factors affecting the ability to compete in 
global markets. 

If government Is to develop an expanded role in 
support of R&D related to industry and commerce, it 
must rationalize Its efforts and focus them In a 
more consistent and logical fashion than Is being 
done currently. 

Although the study itself did not address the energy 
industry, Its conclusions seem as pertinent to this 
industry as any other. 

AGA PREDICTS DISAPPEARANCE OF GAS BUBBLE 
IN 1990 

The American Gas Association has released an issues 
briefing, Natural Gas Production Capability 1988-1990, 
that projects the natural gas supply surplus (the gas 
"bubble") to be 1.5 trillion cubic feet In 1988. 
For full year 1989 the bubble Is estimated to be 
about 600 billion cubic feet (annualized estimate) 
and the bubble will be essentially zero by 1990 (full 
year estimate) (see Figure 1). At that time gas 
supplies and requirements on a national average basis 
will be In approximate balance.

This annualized bubble estimate does not consider 
seasonal deliverability constraints, and therefore, two 
special deliverability factors were Incorporated in 
the analysis to judge the adequacy of winter peak 
supplies. When these seasonal factors are con-
sidered, the results show little slack In the system 
during periods of peak demand. Given this projec-
tion, It is likely that interruptible and "best efforts" 
customers will experience interruptions during peak 
requirements periods. These problems could be ac-
centuated by structural rigidities in the gas industry. 
Therefore, the continued presence of the "annualized" 
gas bubble does not guarantee deliverability to all 
customers in all regions during peak periods. 

Two factors will cause the bubble to shrink: (1) 
declining domestic production capability due to 
reduced drilling (the product of low energy prices 
and shut-in gas production); and (2) higher gas 
demand due to lower natural gas prices and in-
creased gas market share. By 1989, the bubble will 
have shrunk enough to spur drilling activity which 
will, after 1990, reverse the decline in production 
capability (Table 1). This analysis assumes that 
takes of Canadian and other supplemental gas sup-
plies will increase from slightly over one trillion 
cubic feet in 1988 to 1.2 trillion cubic feet by 
1990, slowing the decline of the bubble. 

TABLE 1 

GAS WELLS DRILLED AND RIG COUNT 1973-1988 

FIGURE 1 
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Year Total Wells Drilled1 !1&Count 

1973 27.69 1,194 
1974 33.04 1,472 
1975 38.89 1,660 
1976 40,94 1,658 
1977 45.86 2,001 
1978 50.06 2,259 
1979 51.91 2,177 
1980 69.84 2,909 
1981 90.03 3,970 
1982 83.43 3,105 
1983 74.90 2,232 
1984 84.35 2,428 
1985 69.18 1,980 
1986 38.11 964 
1987 33.74 936 
1988 - 960 

1 1n thousands of wells.

Reduced consumption of natural gas from the 1975-
81 average of 19.7 trillion cubic feet per year, 
coupled with nearly constant domestic gas delivery 
capability from 1980-1986, led to the "gas bubble." 
Several past analyses have evaluated the size of this 
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"bubble."	 Natural gas production declined sig-



nificantly in the 1980s to a level of 15,991 billion 
cubic feet in 1986.	 An annual production level of 
16.8-17.2 trillion cubic feet is anticipated for the 
remainder of this decade. The levels of gas re-
quirements equal the sum of Canadian imports, sup-
plemental gas supplies and domestic gas production.

Economic conditions, the keen competitive pricing of 
oil products, weather and conservation each play a 
part in establishing the level of gas requirements. 
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TECHNOLOGY 

DOE SUPPORTS NEW VALVE DESIGN 

Engineers charged with designing valves tough enough 
to withstand the stresses of high temperature, high 
pressure energy processes have generally relied on 
developing more rugged materials. Unfortunately, the 
most durable materials are often the most expensive, 
and even the most costly substances are not totally 
indestructible. 

General Applied Sciences Laboratory, Inc. (GASL), of 
Ronkonkoma, New York, has developed an entirely 
new design for control valves that does not rely on 
exotic materials. The result could be a much 
cheaper, longer-lasting device for power plants and 
other advanced energy processes. 

GASL recently received a $370,000 contract from the 
United States Department of Energy to test the new 
valve design. The device will have particular ap-
plication in pressure letdown situations Involving 
materials such as high temperature coal gases. 

GASL calls their valve a "fluid friction control 
device" because it relies on the friction of the 
moving fluid to reduce the pressure. In small scale 
tests using materials that erode easily, the GASL 
design lasted seven times longer than a conventional 
valve, and the company believes the valve's perfor-
mance can be improved further. 

The GASL design departs significantly from conven-
tional pressure letdown techniques. The valve is 
constructed as a tube containing a solid rod with a 
raised edge that spirals along the length of the rod. 
As gases or liquids pass through the tube, friction 
against the spiral slowly reduces their pressure. The 
technique is called the "tortuous path frictional 
method." 

A conventional valve reduces pressure by releasing 
the gas or liquid in a very fast, one-step process, 
essentially converting pressure into velocity. The 
increased velocity, however, adds to the problems of 
valve erosion. The GASL valve, on the other hand, 
maintains low velocities, and, hence, lower erosion, 
even with relatively cheap materials. 

Under the new contract, GASL will attempt to im-
prove the performance and reliability of the valve. 
The device will be tested at temperatures of up to 
1,800 degrees F and pressure drops of at least 
750 pounds per square inch. An erosive mixture of 
gas and solids will be used in the valve tests.

CEC RANKS ENERGY TECHNOLOGIES 

The California Energy Commission's recently issued 
Energy Technology Status Report (ETSR) fulfills legis-
lative requirements which call for the Commission to 
publish and submit biennially to the Governor and 
Legislature a report on energy development trends 
including the status of new and existing tech-
nologies. The ETSR provides critical Input to the 
Commission's Energy Development Report (EDR) which 
establishes state energy policy recommendations. In 
addition, the ETSR supports new power plant siting 
case evaluations involving requests for Research and 
Development exemptions.	 Specifically, this report 
provides	 technology	 evaluations	 for	 over
200 electrical generation, nongeneration and automo-
tive transportation technologies. 

In addition to general conclusions about the status 
and issues associated with broad groups of energy 
technologies, this report provides three levels of 
detail for technology specific Information. The first 
level of detail is a set of matrices which provide 
the results of three main evaluation components for 
all ETSR technologies: commercial status, research 
and development issues and deployment Issues. This 
section of the report also includes the results of 
detailed levelized cost analyses for electrical gener-
ation and nongeneratlon technologies. Individual 
technology fact sheets provide the next level of 
detail for each ETSR technology. The final level of 
detail for each ETSR technology is included in four 
volumes of appendices. These volumes include un-
abridged research work that was the basis for the 
E7SR fact sheets and matrices. 

The ETSR's overview of specific energy technologies 
identifies general conclusions concerning energy tech-
nology status, deployment and research and develop-
ment. It Is partially summarized in the following. 

Genention Technologies not Co,nmertially Available 

The following generation technologies were deter-
mined to not be commercially available because they 
do not satisfy one or more of the commercial status 
criteria. Dates of expected commercial availability 
are indicated in parentheses as either "near-term" 
(within 12 years), "long-term" (beyond 12 years), or 
"indeterminate" where there are too many unresolved 
R&D issues or low likelihood of commercialization in 
the foreseeable future. 

Fuel Cycles: 

Oil Shale (long-term) 
Coal Gasification (near-term) 
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Methanol/Electricity Coproduction From Coal (near 
term) 
Coal Based Synthetic Oil (near-term) 
Nuclear Fusion (long-term) 
Hydrogen (long-term) 
Peat (tong-term) 

Oil and Gas Technologies: 

Alcohol Fuel Steam Boilers (tong-term) 
Alcohol Fuel Combustion Turbines (long-term) 
Hydrogen Fuel Combustion Turbines (long-term) 
lntercoolcd Steam Injected Gas Turbine (near-term) 
Chemically Recuperated Gas Turbine (near-term) 
Combustion Turbines w/ Ceramic Combustors (long-
term) 
Combustion Turbines w/ Catalytic Combustors (long-
term) 
Advanced	 Gas	 Turbines	 (Brayton	 Cycles) 
(indeterminate) 
Rankine (Kalina)/Supercritical Gas Turbines (near-term) 
Improved On-Site Auxiliaries (near-term) 

Coal Technologies: 

Coal-Oil Coal Slurry-Fired Boilers (indeterminate) 
External Slagging Combustors (near-term) 
Pressurized Fluidized Bed Combustion (PFBC) (near-
term) 
Magnetohydrodynamics (MUD) (long-term) 
Synthetic Natural Gas (SNG) (long-term) 
Methanol (near-term) 
Synthetic Oil (indeterminate) 
Direct-Fired Combustion Turbine (long-term) 
Indirect-Fired Combustion Turbine (long-term) 

Municipal Solid Waste Technologies: 

Refuse Derived Fuel Co-Firing (20 Percent Coal) 
(near-term) 
Refuse Derived Fuel Fluidized Bed Boilers (near-term) 
Pyrolysis/Thermal Gasification (near-term) 

Fuel Cells Technologies: 

Phosphoric Acid Cogeneration Applications (near-term) 
Phosphoric Acid Utility Scale Applications (near-term) 
Molten Carbonate (near-term) 
Solid Oxide (long-term) 
Alkaline Fuel (long-term) 
Solid Polymer Electrolyte (long-term) 

Genemticm Technologies 

The following technologies are considered the most 
commercially available generation technologies be-
cause they completely satisfy all three commercial 
status criteria, or where noted with an asterisk, 
completely satisfy two criteria and the third criteria 
under most conditions. 

Fuel Cycles: 

Petroleum (Crude Oil) 
Natural Gas 
Nuclear Fission

Oil and Gas Technologies: 

*Utility Boilers 
Industrial Steam Boilers 
Boiler Operation and Efficiency Improvements 
Conventional Fuel Combustion Turbines 
Steam Injected Gas Turbines 
Combined Cycle 
*Repowering 

Layup 
Life Extension 

Coal Technologies: 

Conventional Steam Boiler 
*Circulating Fluidized Bed Combustion 

Geothermal Technologies: 

vapor Dominated Resources 

Hydroelectric Technologies: 

Conventional 

Biomass Fired Plants: 

*Direct Combustion 

Cogeneration Technologies: 

*Reciprocating Engines Topping Cycle Systems 
Low Pressure Steam Turbine Bottoming Cycle Systems 
Organic Rankine Engine Bottoming Cycle Systems 

*Direct_Fired Combined Cycle Systems 
*Supplemental Fired Combined Cycle Systems 

Wind Technologies: 

*Utility Scale Systems 

Storage Systems: 

Pumped Hydroelectric 

Pollution Control Technologies: 

Low NOx Burners 
Minor Furnace Modifications 

Although oil and gas technologies are substantially 
commercialized, the CEC says they still need R&D 
support to reduce costs and improve efficiency. In 
addition, these technologies need R&D support to 
lower operation and maintenance costs and to reduce 
environmental impacts. 

As a group, oil and gas combustion technologies have 
fewer constraints on their deployment than other 
generation technologies. 

Almost all coal technologies have significant R&D 
needs for cost reduction, improved performance, 
lower operations and maintenance costs and environ-
mental impact mitigation. 
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As a group, coal technologies face many significant 
deployment issues with environmental and resource 
constraints being most serious. Resource constraints 
are a significant factor for California because of 
small indigenous resources. 

As a group, most cogeneration technologies must ad-
dress numerous deployment issues,- particularly en-
vironmental and utility integration constraints and to 
a lesser degree financial, fuel and resource, and 
location constraints. 

The major R&D issues associated with most renewable 
energy technologies are high capital costs and the 
need for improved performance. These issues are 
particularly critical to the following technologies: 
advanced geothermal, biomass, municipal solid waste, 
cogeneration, wind, solar thermal, photovoltaics and 
ocean energy. 

Renewable and alternative energy technologies are 
often confronted with utility integration as a critical 
constraint because they are most commonly used for 
qualifying facility (QF) applications. In particular, 
this Is due to the Public Utility Commission's ter-
mination of long-term power purchase contracts in 
1985 due to abundant supplies of electricity at 
reasonable costs. This has left only short-term "as 
is" avoided cost contracts currently paying ap-
proximately three cents per kilowatt hour. Qualified 
facility development is limited to projects already 
locked In to long-term contracts because this 
short-term rate is too low to economically support 
technology development and short-term contracts in-
herently include too many uncertainties to risk capi-
tal Intensive investments. Although there Is a sub-
stantial amount of undeveloped energy projects with 
long-term contract capacity, most of the contracts 
will expire by 1991. 

Lack of incentive for utility companies is a sig-
nificant constraint for most new technologies that 
improve the energy efficiency of new and existing 
power plant facilities. This is because utilities are 
typically allowed to pass their fuel costs on to 
ratepayers. Future qualifying facility bidding 
processes may increase the incentive for utilities to 
improve energy efficiency.

Automotive Trunsptatlon Technologlea Not 
Commercially Available 

Alternative !L Vehicles: 

Hydrogen (Indeterminate) 
Ethanol (indeterminate) 
Electric Vehicles (near-term) 
Advanced Batteries (near-term) 
Synthetic Oil (indeterminate) 

Advanced !!L Economy: 

Lean Burn (near-term) 
Variable Displacements (Indeterminate) 
Stratified Charge (near-term) 
Rankine Cycle Engines (indeterminate) 
Brayton Cycle Engines (indeterminate) 
Stirling Engines (Indeterminate) 
Fuel Cell Engines (long-term) 
Flywheel Stop/Start (indeterminate) 
Flywheel Storage (indeterminate) 
Hydraulic Accumulator (long-term) 

TranortatIon Most Commercially Available 

Advanced Fuel Economy: 

Otto Cycle 
Direct injection Diesels 
Electronic Controls 
Supercharging and Turbocharging 

Transmission Improvements 
Advanced Aerodynamics 
Reduced Rolling Resistance 
Downsizing 
Front Wheel Drive 

Gasoline and diesel clearly dominate as the primary 
commercial fuel options for automotive transporta-
tion. The only other fuels available (propane, com-
pressed natural gas, methanol and gasoline/alcohol 
blends) face substantial R&D and deployment issues. 

The CEC concludes that among the noncommercial al-
ternative fuel vehicle options, only electric vehicles 
appears to be ready for commercialization in the 
near-term. 

No advanced engine cycles are currently commer-
cially available or expected in the foreseeable fu-
ture. 

Financial constraints are the primary deployment 
issue facing most advanced fuel economy tech-
nologies. 
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INTERNATIONAL 

WALT STRIVES TO REDUCE ENERGY DEPENDENCE 

Italy has unveiled a new national energy plan that 
calls for a 15-year investment of more than 
$60 billion to trim dependence on foreign energy 
supplies to 75 percent by the year 2000 (from a 
current level of 81 percent) through conservation 
and the development of alternate fuels for progress 
against acid rain. It calls for big cuts in emissions 
of lead, carbon monoxide, sulfur oxides and nitrogen 
oxides, but rules out nuclear power. 

Earlier this year the United States Secretary of 
Energy, John S. Herrington, and Gianni Ravaglia, 
Deputy Minister of Industry, Commerce and Hand-
icrafts of Italy signed a joint communique on energy 
research and development. 

The communique affirms the value of past energy 
policy and energy research and development be-
tween the United States and Italy, and the intent to 
extend such collaborations in the future, particularly 
with respect to fossil energy and the Superconduct-
ing Super Collider. 

The two representatives noted the significant 
progress made in recent years in increasing coopera-
tion between the two countries in energy and energy 
research and development matters. 

In 1985, the Department of Energy renewed its 
bilateral agreement in energy research and develop-
ment with the Italian Government. The Office of 
Fossil Energy currently has thirteen active projects 
with the Italians in coal and oil research and 
development.	 The success of the coal and oil 
project collaboration has resulted in an increased 
share of United States coal imports into Italy.	 In
addition to the ongoing projects, two projects were 
signed into implementation this year. The projects 
are on Repowering and Retrofit and represent a 
joint effort by the United States and Italian govern-
ments to facilitate Clean Coal Technology demonstra-
tions in the United States, Italy and other countries. 

NEW ZEALAND SYNPUEL PLANT LISTS RESULTS 

New Zealand Synthetic Fuels Corporation Limited's 
Annual Report notes that the first full year of com-
mercial production placed heavy demands on the 
Synfuel organization. The requirement to undertake 
the first maintenance turn around of the process 
units along with the unexpected failure of the 
Methanol 2 reformer placed employees under con-
siderable pressure. However, at year end the com-
plex was again operating at full production rates.

The plant reached some notable milestones during the 
year including producing the one millionth tonne of 
gasoline within two years of plant startup. 

The failure of the Methanol 2 reformer in August 
1987 resulted in gasoline production failing short of 
the target for the year. However, by maintaining 
production from Methanol 1 during the repair of 
Methanol 2, production of 487,000 tonnes of gasoline 
was achieved,	 resulting in a shortfall of only
60,000 tonnes. 

Methanol production decreased during the year as a 
result of natural gas quality. Trace quantities of 
heavy hydrocarbons in the gas caused carbon to 
build up on the methanol reformer catalyst, reducing 
both the capacity and efficiency of the units. Fre-
quent variations in the specifications of the gas 
supplied also upset the methanol reformers which 
rely on a constant gas quality to achieve optimum 
performance. 

The reliability of natural gas supply improved during 
the year. However, steps have been taken to avoid 
similar problems in the future by changing out the 
old methanol reformer catalyst with a catalyst that 
is more robust to the presence of heavy hydrocar-
bons. 

The deterioration in performance of the methanol 
plants required that planned maintenance turnarounds 
be moved forward to allow early replacement of the 
tow activity reformer catalysts. 

A routine restart of the Methanol 2 plant, following 
a plant trip, led to overheating of the reformer 
causing damage to reformer catalyst tubes. Inves-
tigations into the loss showed the cause to be 
primarily due to human error. 

A notable feature of the year's production has been 
the performance of the Mobil ZSM-5 catalyst in the 
MTG unit which saw the unit exceeding yield tar-
gets. The average life for the first charge of 
catalyst has been 20 months, an improvement over 
the expected life. 

Major capital works authorized during the year in-
cluded construction of a heavy gasoline loadout 
facility for the delivery of heavy gasoline to the ICI 
Synchem joint venture company investigating the 
feasibility of durene extraction and subsequent 
processing to pyromellitic dianhydride (PMDA). 

The Synfuel plant produces 35,000 metric tons per 
year of durenes as a byproduct contaminant in the 
heavy gasoline fraction, but converts them to 
derivatives that won't harm vehicle engine perfor-
mance and then mixes the heavy gasoline back in 
with the final product stream. Durenes can be used 
to make heat-resistant plastics but the technology is 
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new and the world market for durenes virtually non-
existent. 

In April of this year, the first sale of durene from 
the synfuels plant was made to an unnamed United 
States firm, according to the New Zealand's Gas and 
Geothermal Trading Group, the commercial arm of 
the Ministry of Energy. The durene (1,2,4,5, 
tetramethyl benzene) is a raw material for PMDA, a 
specialty material currently selling for between 
$15,000 and $30,000 per ton, and used as a heat-
resistant plastic, and for making floppy disks. 	 The
ICI Synchem Ltd., an ICI subsidiary, is studying the 
feasibility	 of	 setting	 up	 a	 $20-30	 million,
40,000 tons per year PMDA plant.

Government Lcmseo to Continue 

Although New Zealand Synthetic Fuels Corporation 
operates at a profit due to its processing contract 
with the New Zealand Government, the New Zealand 
Government had to weather another loss of around 
NZ$300 million ($206.9 million) on the Motonui Syn-
fuels Plant during fiscal year 1987-88. In the pre-
vious year the plant was in the red by 
NZ$294 million. 

New Zealand Synthetic Fuels owned 75 percent by 
the government and 25 percent by Mobil, reported a 
profit of $109 million on revenues of $419 million, 
compared to a profit of $137 million for the previ-
ous year. 
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ENVIRONMENT 

EPA CHANGES TEXAS METHANOL WAIVER FOR 
OCTA MIX 

The Environmental Protection Agency (EPA) is cor-
recting a conditional waiver granted under section 
211(f) of the Clean Air Act to the Texas Methanol 
Corporation on February 1, 1988. The conditional 
grant of the original waiver stated that heptanols 
and octanoLs were restricted to a maximum of five 
percent by weight of the higher molecular weight 
alcohols (pentanols, hexanols, heptanols and octanols). 
The new notice corrects that condition, to more ac-
curately reflect the waiver application, so that the 
heptanois and octanols are restricted to a maximum 
of five percent by weight of the total cosolvent 
mix. 

The Texas Methanol Corporation submitted a waiver 
application for a gasoline-alcohol fuel blend, referred 
to as OCTAMIX, on August 7, 1987. On February 1, 
1988, the Administrator granted the waiver, subject 
to certain conditions. One of those conditions was 
that the heptanols and octanols in the cosolvent mix 
would be limited to a maximum of five percent by 
weight of the higher molecular weight alcohols 
(pentanols, hexanols, heptanols, and octanols). Sub-
sequent to publication of the decision notice, EPA 
discovered that the application had actually been in-
tended to limit heptanols and octanols to a maximum 
of five percent by weight of the total cosolvent 
mix. 

EPA is, therefore, correcting its original decision 
such that the heptanols and octanols are limited to 
a maximum of five percent by weight of the total 
cosolvent mix. 

Thus, Texas Methanol's gasoline-alcohol fuel waiver is 
now subject to the following conditions: 

(1)	 The final fuel consists of a maximum of five 
percent by volume methanol,	 a minimum of
2.5 percent by volume cosolvent In unleaded

gasoline. The cosolvents are any one or a mixture 
of ethanol, propanols, butanols, pentanols, hexanols, 
heptanols and octanols within the following con-
straints: the ethanol, propanols and butanols or 
mixtures thereof must compose a minimum of 
60 percent by weight of the cosolvent mix, whereas 
a maximum limit of 40 percent by weight of the 
cosolvent mix Is placed on the pentanols, hexanols, 
heptanols and octanols or mixtures thereof. 

Furthermore, the heptanols and octanols arc limited 
to a maximum five percent by weight of the cosol-
vent mix; 

(2) A maximum concentration of up to 3.7 percent 
by weight oxygen in the final fuel is observed; 

(3) Petrolite's proprietary corrosion inhibitor for-
mulation, TOLAD MEA-lo, Is blended In the final fuel 
at 42.7 milligrams/liter; 

(4) The final fuel must meet ASTM D439-85a Stan-
dard Specifications for Automotive Gasoline. 

(5) The final fuel must meet the maximum tempera-
ture for phase separation as specified in ASTM D2 
Proposal P-176, Table 4. 

(6) The fuel manufacturer must take all reasonable 
precautions to ensure that the finished fuel is not 
used as a base gasoline to which other oxygenated 
materials are added, provided, however, that up to 
two percent by volume of methyl tertiary butyl 
ether (MTBE) will be allowed in the base stock to 
which the alcohols are added If the MTBE is present 
only as a result of commingling in transport and 
storage, not purposefully added as an additional 
component to the alcohol blend; 

(7) Specifications for alcohol purity attached to the 
decision document as Appendix D are met. 
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RESOURCE 

USGS REVISES ESTIMATE OF U.S. OIL AND GAS 
RESERVES 

The United States Geological Survey (USGS) in Cir-
cular 1025 presents its new estimates of undis-
covered recoverable oil and gas resources for the 
onshore and state offshore areas of the United 
States. Row much oil and gas remains to be dis-
covered in the United States Is an important ques-
tion as well as a subject of continuing controversy. 
The USGS has published estimates over the years. 
The new report presents a new assessment. Es-
timates of undiscovered recoverable conventional oil 
and gas resources were made for more than 
240 geologically defined plays in 80 petroleum 
provinces covering the onshore and the state off-
shore areas of the conterminous 48 states and 
Alaska. The results are described not only in terms 
of total volumes of oil and gas but also in terms of 
geologic setting, accumulation size, and number of 
accumulations. 

The plays were developed by geologists for each 
petroleum province. Geologic, geochemical, and 
geophysical data were used to define and bound 
each play and to provide a basis for assessment. 
Resource estimates for undiscovered accumulations 
with recoveries larger than one million barrels of oil 
or six billion cubic feet of gas were made using a 
play analysis method that required the estimation of 
play and accumulation favorability or risk, the size 
distribution of undiscovered recoverable accumula-
tions, and the distribution of the number of undis-
covered accumulations. Size data from either dis-
covered accumulations in each play or from an 
analog play were employed to estimate the size of 
undiscovered accumulations. Curves were fit to the 
size data for the discovered accumulations which 
were generally split into three sequential parts: the 
first, second, and last one-third of the accumulations 
discovered in each play. Parameters from these 
fitted curves provided a basis for estimating the 
size distributions for the undiscovered resources. 
The numbers of undiscovered accumulations greater 
than the minimum sizes were estimated, utilizing 
play maps showing well penetrations and the areal 
sizes of the oil and gas accumulations, along with 
the drilling history. Finally, ratios of associated-
dissolved gas-to-oil and condensate-to-gas were es-
timated. AU these approximations were used to cal-
culate the probabilistic estimates of conventional 
recoverable oil, gas, and natural gas liquids in ac-
cumulations greater than the cut-off values. The 
play analysis methodology used to compute these es-
timates is an analytical method derived from proba-
bility theory as opposed to Monte Carlo simulation. 

Economically recoverable resources were determined 
by applying minimum economic sizes to play es-
timates and estimating the percentage of the small-
field resources thought to be economic. In general 
these percentage estimates were based on the nature

of the plays in the province and the estimated 
depth of these undiscovered resources. 

The results of the assessment are shown in Table	 1. 
The	 resource	 estimates 	 are	 smaller	 than those pub-
lished	 by	 USGS	 in	 1981.	 However,	 the data used 
were	 somewhat	 different	 because	 the method 
employed	 was	 different.	 Some	 of	 the resources 
classified as	 undiscovered in	 1981	 are	 now	 classified 
as	 identified,	 unconventional 	 or	 inferred resources; 
and	 the	 resources	 discovered	 from	 1981 to	 1986, 
especially in	 some	 onshore	 frontier	 areas, were dis-
appointing	 in	 view	 of	 the	 very	 large exploration 
drilling effort expended.

The USGS stressed that the figures are "preliminary" 
and may be revised. It plans to Issue final es-
timates by year end. 

The American Gas Association (AGA) labeled the es-
timates "erroneous and unduly pessimistic." AGA 
complained that the USGS study excluded all uncon-
ventional gas such as gas from tight sands and 
Devonian shales even though such gas is being 
produced. 

It noted that the study also excluded all gas fields 
smaller than six billion cubic feet. It called 
$1.80 per thousand cubic feet threshold price an un-
realistic level for future production. 

"This study apparently assumes low gas prices and 
higher exploration and production costs," MM said. 
"Yet history shows these do not occur at the same 
time." 

AGA noted the study assumes no progress in drilling 
technology, enhanced recovery applications, and ex-
ploration techniques. 

U.S. Energy Supply from the World Perspective 

The purposes of the USGS's World Energy Resources 
Program assessment are to quantify the regional dis-
tribution and potential for the occurrence of 
petroleum resources worldwide. When the program 
began, the available data base was the geologic 
literature of the world and a country-level under-
standing of cumulative production and reserves. 
With developing program maturity, the geologic and 
reserves data bases have expanded to play-level un-
derstanding in many basins, and field reserves data 
can now account for the occurrence of more than 
90 percent of world reserves. 

Results of the program indicate that world petroleum 
occurs In such large quantities as to yield a 
barrels -of-oil-equivalent reserve -to-production ratio 
of 50. Though the quantity is large, the distribution 
of discovered conventional petroleum is narrow, and 
the assessment identified no new areas that might 
significantly alter that distribution. 	 On the other 
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TABLE 1 

UICISWVERTh arIvnrrIaaL RESOURCES IN THE UNIT) STATES 

Crude Oil Non-associated Associated-
Billions of Barrels Gas TCF Dissolved Gas TCF 

F95 F5 Mean F95 F5 Mean F95 F5 rican 

Recoverable Resources 

Total 19.6 51.9 33.4 141.0 295.0 209.2 31.0 61.9 44.8 
Lower 48 15.8 25.2 20.2 124.5 204.4 161.3 26.4 44.6 34.8 
Alaska 3.6 31.3 13.2 10.8 122.8 47.9 2.6 24.5 10.0 

Economically Recoverable Resources 

Total 14.0 42.0 25.7 118.5 199.3 155.6 24.7 42.9 33.0 
Lower 49 14.4 23.7 18.7 117.6 198.2 154.6 24.5 42.7 32.9 
Alaska 0.9 21.0 6.9 0.1 3.2 1.0 0.0 0.4 0.2

at $18/barrel and $1.80/r,CF 
P95 = 95 percentile chance 
F5 = 5 percentile chance 

hand, a very large recoverable unconventional 
resource of extra heavy oil and bitumen, of com-
parable dimension to the Middle East conventional 
oil, exists in Venezuela and Canada. This resource 
could provide a Western Hemisphere counterbalance 
to Middle East resource dominance. Though conven-
tional resources are narrowly distributed, present-day 
oil production Is not, with only 31 percent deriving 
from OPEC, 38 percent from the United States and 
the U.S.S.R., and the remaining 31 percent from 
more than 60 individual countries. According to the 
USGS, a key to near-term energy security lies in 
maintaining diversified sources of conventional 
petroleum supply until such time as the unconven-
tional oils can find their place in the market, along 
with a greatly expanded use of coal. 

DOE STUDY CLAIMS ADEQUATE NATURAL GAS 
SUPPLIES 

United States Secretary of Energy John S. Herrington 
said recently that a new study shows that natural 
gas supplies in the United States are sufficient to 
make a major contribution to the nation's energy 
security by reducing American dependency on im-
ported oil. 

The study, initiated by the Secretary in January, is 
an outgrowth of Department of Energy's (DOE) earlier 
"Energy Security" report to the President. That 
report warned of rising oil imports and emphasized 
the need for continued conservation and increased 
reliance on domestic fuels and fuels from secure

sources. The new assessment clarifies the potential 
for natural gas contributions to energy security by 
providing accurate and timely information to the 
marketplace. 

In developing the assessment, the panel used a con-
sensus building methodology known as the "Delphi 
Process" in which experts combine their individual 
research and expertise to reach a collective judg-
ment. This is the first time the Department of 
Energy has used a Delphi process on a national scale 
to develop a single comprehensive picture of domes-
tic natural gas supplies. 

According to the terminology used in the study, the 
distribution of natural gas in the United States con-
sists of proved reserves in known reservoirs, of in-
ferred reserves and undeveloped resources within 
these reservoirs, and of undiscovered resources. 
Beyond proved reserves, all volumes of future natural 
gas supply are estimates based on information 
derived from past and current experience in gas 
production and reservoir development.	 Even proved 
reserves are subject to periodic revision. The as-
sessment was conducted starting with an understand-
ing of major components of the natural gas supply 
derived from existing resource estimates that use es-
tablished methodologies. 	 In addition to historically
defined elements of the resource base, a new 
component --reserve 	 growth	 in	 heterogeneous
reservoirs--was quantified in this study. 

Resource assessments proceed in their planning and 
compilation from reasonably well known quantities 
(proved reserves) to increasingly less well known 
quantities (undiscovered resources). Further, natural 
gas reservoirs termed unconventional are typically 
given separate consideration and include gas in 
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low-permeability reservoirs, gas in shale formations, 
such as the Devonian of the Eastern United States, 
and coalbed methane resources. This approach was 
followed in the new assessment. Special note was 
made of Alaskan gas reserves in that they are sig-
nificant and proven, but transportation for North 
Slope gas to the Lower 48 states is lacking. 

A summary of the results shows that a technically 
recoverable reserve and resource base of 
1,059 trillion cubic feet of natural gas exists in the 
Lower 48 states (Table 1). 	 This resource base Is
made up of proved reserves, inferred reserves, and 
resources. The latter requires discovery and 
development, some using improved understanding of 
reservoir frameworks that must be more fully 
developed and applied.	 Of that, 800 trillion cubic
feet exists or is estimated to exist in conventional 
reservoirs.	 More than half of the total resource

evaluated in the Lower 48 states, or 583 trillion 
cubic feet of gas, Is judged economically recoverable 
(Including finding costs) at less than $3.00 per 
thousand cubic feet (wellhead price, 1987$). An ad-
ditional 174 trillion cubic feet of gas Is judged 
economically recoverable in a price range of $3.00 
to $5.00 per thousand cubic feet. These judgments 
of economic recoverability were made by a national 
Review Panel of natural gas analysts. 

The Review Panel acted through a series of judg-
ments made individually and then averaged for each 
category of natural gas reserve or natural gas 
resource. The volume of gas judged economically 
recoverable for each category is the arithmetic mean 
of the individual estimates after eliminating the 
highest and the lowest estimate for each price 
category. 

TABLE 1

tOTAL UNIT) STATES GAS RESERVES AND RESOURCES 

Technically	 Recoverable 
Recoverable	 Gas by Price" 

Gas, TCF	 <$3/MCF	 $3-5/MCF 

Lower 48 (Conventional) 

Proved Reserves, Onshore and Offshore 159 159 
Inferred Reserves/Probable Resources, Onshore 85 85 
Inferred Reserves, Offshore 23 23 
Extended Reserve Growth in Nonassociated Fields, 

Onshore 119 56 
Gas Resources Associated With Oil Reserve 

Growth 61 30 
Undiscovered Onshore Resources 219 88 
Undiscovered Offshore Resources 134 54 

Subtotal 800 495 

Lower 48 (Unconventional) 

Gas	 in Law-Permeability Reservoirs 180 70 
Coalbed Methane 48 8 
Shale Gas 31 10 

Subtotal 1,059 583 

Alaska 

Alaska: Reserves 33 U 
Alaska Inferred Reserves (Cook Inlet Area) 3 3 
Alaska Undiscovered, Onshore and Offshore 93 

Subtotal 129 12 

Total 1,188 595

*Volumes of gas judged recoverable with existing technology 
"Volumes of gas (TCF) judged recoverable with existing technology 
***Judged at oil prices of <$24/bbl and $24-40/bbl 
""Outer Continental Shelf 
#Conponent in southern Alaska

18 

11 
59 
28 

116 

49 
4 
5 

174 

0 
0 

2# 
2 

176 
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ELM ISSUES FINAL OH. AND GAS LEASING	 The final regulations appeared in the June 17, 1988, 
REGULATIONS	 issue of the Federal Register and were effective 

upon publication. 
Final regulations to implement the Federal Onshore 
Oil and Gas Leasing Reform Act of 1987 have been 
issued by the Department of the Interior's Bureau of 
Land Management (BLM). 

This rulemaking amends existing regulations covering 
both competitive and noncompetitive onshore oil and 
gas leasing on federal mineral lands managed by 
ELM, including National Forest lands. 

The regulations direct that all tease parcels shall be 
offered at competitive oral auctions with a minimum 
bid of $2 per acre, and require refusal of leases to 
individuals or companies that are not in compliance 
with reclamation requirements on existing leases. 

In addition, royalties for production on leases Issued 
under the new law are set at a flat rate of 
12.5 percent for both competitive and noncompetitive 
leases, and rental rates are set at $1.50 per acre 
for the first five years and at $2.00 per acre 
thereafter. 

The proposed regulations were published March 21, 
1988. One of the most controversial elements of 
the proposal was the method of conducting oral 
auctions--whether to use a formal nomination process 
or a direct sale process. The decision in the final 
regulations is to use the direct sale method for oral 
auctions.

For the period between June 12, 1988, and January 
2, 1989, BLM will not accept pre-sale noncompetitive 
offers. Beginning January 3, 1980, lands for which 
noncompetitive offers have been filed before the 
sale will be offered for bid at an auction. If these 
parcels do not receive a bid, the pit-sale offer 
gains priority over offers flied after the sale. 

Noncompetitive leasing may take place only after 
parcels have been offered competitively and failed 
to receive a bid. Lands which have been offered 
for competitive leasing but received no bids will be 
available for noncompetitive leasing for a period of 
two years. 

Those parcels not sold at oral auction will be avail-
able noncompetitively beginning the first business day 
following the oral auction. All offers received on 
that day will be considered simultaneously filed. 
The priority among multiple offers for the same par-
cel will be determined by drawing. Offers received 
on subsequent days will receive priority as of the 
time of filing. 
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RECENT GENERAL PUBLICATIONS/ PATENTS 

RECENT PUBLICATIONS 

The following papers were delivered at "An Energy Agenda for The 1990s," a symposium sponsored by the Na-
tional Academy of Engineering, and held May 11, 1988 in Irvine, California: 

Weinberg, A. M., "Energy In Retrospect: Is the Past Prologue?" 

Gibbons, J. H., "Energy Efficiency: Its Potential and Limits to the Year 2000." 

Starr, C., "Implications of Continuing Electrification." 

Ruckeishaus, W. D., "Environmental Forces: A Coming of Age." 

Schelling, T. C., "Global Environmental Forces." 

Petrauskas, II., et al., "Panel on the Environment and Vehicular Emissions." 

Bookout, J. F., "Impacts of Oil Price Levels and Variations." 

McCormick, W. T., Jr., "The Uncertain Future Role of Gas." 

The following papers were presented at the American Institute of Chemical Engineers Summer National 
Meeting held in Denver, Colorado, August 22-25, 1988: 

Lloyd, A. C., "Alternative Fuels for Emissions Reduction." 

Basler, W., at al., "Comparison of Various Oxygenates as Gasoline Blending Components." 

Jones, J. R., at al., "MTBE--A Practical Way to Beneficially Use Methanol and Butane in 
Gasoline." 

Morandl, F., at al., "MTBE Production Technology." 

Stevenson, F. D., "Research Program of the DOE Office of Basic Energy Sciences." 

Eberhardt, J. J., 'The Role and Mission of the DOE Energy Conversion and Utilization Tech-
nologies (ECLJT) Program." 

Glaser, F. M., "Energy Research--The Fossil Energy View." 

The following papers were presented at the Symposium on Opportunities In the Synfuels Industry, held in 
Bismarck, North Dakota, August 28-31: 

Wampler, J. A., "Department of Energy Perspective on the Synfuels Industry." 

Van Der Pas, T., "Recent Developments In the Synfuel Industry In the Republic of South 
Africa." 

Han-Chen, B., "Synfuel Technologies--What is Appropriate for China." 

McCarthy, G. J., 'The Value of Mineralogical Characterization of Synfuel Solid Wastes as Il-
lustrated by Lignite Fixed-fled Gasification Ash." 

Eklund, G., "Characterization and Utilization of Synfuel Byproducts." 

Hrudey, S., "Anarchic Biological Testability of Synthetic Fuels Wastewater." 
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GENERAL - PATENTS 

"Low Temperature Pyrolysis of Coal or Oil Shale In the Presence of Calcium Compounds," Rashid M. Khan - In-
ventor, United States Department of Energy, United States Patent 4,747,938, May 31, 1988. A coal pyrolysis 
technique or process Is described in which particulate coal is pyrolyzed in the presence of about five to 
21 weight percent of a calcium compound selected from calcium oxide, calcined (hydrate) dolomite, or calcined 
calcium hydrate to produce a high quality hydrocarbon liquid and a combustible product gas which are charac-
terized by low sulfur content. The pyrolysis is achieved by heating the coal-calcium compound mixture at a 
relatively slow rate at a temperature of about 450 0 to 7000 C over a duration of about 10 to 60 minutes in a 
fixed or moving bed reactor. The gas exhibits an increased yield in hydrogen and C 1 -C 8 hydrocarbons and a 
reduction in 11 2 5 over gas obtainable by pyrolyzing coal without the calcium compound. The liquid product ob-
tained is of a sufficient quality to permit its use directly as a fuel and has a reduced sulfur and oxygen con-
tent which inhibits polymerization during storage.
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COMING EVENTS 

1988 

SEPTEMBER 12-16, PITTSBURGH, PENNSYLVANIA -- Fifth Annual International Pittsburgh Coal Conference. 

SEPTEMBER 13-16, LONDON, UNITED KINGDOM -- Third International Conference on Stability and Handling of Liquid 
Fuels. 

SEPTEMBER 14-17, WILMINGTON, DELAWARE -- Energy Options for the Year 2000: Contemporary Concepts in 
Technology and Policy. 

SEPTEMBER 18-23, NEWCASTLE UPON TYNE, UNITED KINGDOM -- Carbon 88: Seventh International Carbon Con-
ference. 

SEPTEMBER 25-28, DENVER, COLORADO -- American Mining Congress. 

SEPTEMBER 25-29, MOSCOW, U.S.S.R. -- International Association for Hydrogen Energy 7th World Hydrogen Energy 
Conference. 

SEPTEMBER 25-30, LOS ANGELES, CALIFORNIA -- American Chemical Society Symposium on Coal Liquefaction. 

OCTOBER 2-5, HOUSTON, TEXAS -- Society of Petroleum Engineers Annual Conference. 

OCTOBER 2-5, EDMONTON, ALBERTA, CANADA -- Canadian Society for Chemical Engineering Annual Conference. 

OCTOBER 3-5, COLLEGE STATION, TEXAS -- Solutions to the Greenhouse Effect. 

OCTOBER 3-5, CHICAGO, ILLINOIS -- U.S. Oil and Energy In the World Context. 

OCTOBER 9-12, WHITE SULPHUR SPRINGS, WEST VIRGINIA -- American Coke and Coal Chemicals Institute National 
Meeting. 

OCTOBER 17-20, TOKYO, JAPAN -- Coal Research International Conference. 

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

OCTOBER 18-19, MORGANTOWN, WEST VIRGINIA -- Separation Technology Workshop for Coal Gasification. 

OCTOBER 18-20, PITTSBURGH, PENNSYLVANIA -- International Congress on Technology and Technology Exchange. 

OCTOBER 18-21, ATLANTA GEORGIA -- World Energy Engineering Congress. 

OCTOBER 19-20, PALO ALTO, CALIFORNIA -- Eighth EPRI Coal Gasification Contractors Conference. 

OCTOBER 23-26, LONG BEACH, CALIFORNIA -- Fuel Cell Seminar. 

OCTOBER 24-28, SAARBRUCKEN, FEDERAL REPUBLIC OF GERMANY -- Euroforum New Energies Congress. 

OCTOBER 24-27. DEARBORN, MICHIGAN -- 26th Automotive Technology Development Contractor's Coordination Meet-
ing. 

OCTOBER 30-NOVEMBER 2, HOUSTON, TEXAS -- 10th Annual North American Conference of the International As-
sociation of Energy Economists. 

NOVEMBER 2-4, PALO ALTO, CALIFORNIA -- Second International Conference on Improved Coal-Fired Power Plants. 

NOVEMBER 13-16, TOKYO, JAPAN -- VIII International Symposium on Alcohol Fuels. 

NOVEMBER 15-17, PITTSBURGH, PENNSYLVANIA -- Coal Technology 88: 11th International Coal Utilization and 
Transportation Conference and Exhibition. 

NOVEMBER 15-18, LUXEMBOURG -- Pyrolysis and Gasification International Conference. 

1-31	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



NOVEMBER 21-22, CALGARY, ALBERTA, CANADA -- 11th Canadian National Energy Forum. 

NOVEMBER 21-23, AMSTERDAM, THE NETHERLANDS -- Coaltech '88, 7th International Congress and Exhibition. 

NOVEMBER 30-DECEMBER 2, LEXINGTON, KENTUCKY -- 1988 Eastern Oil Shale Symposium. 

DECEMBER 5-7, NEW ORLEANS, LOUISIANA -- IGT Conference on Gas, Oil and Coal Biotechnology. 

DECEMBER 6-7, WASHINGTON, D. C. -- Alternate Fuels and U. S. Energy Policy. 

1989 

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

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

MARCH 13-17, WASHINGTON, D. C. -- Energy Technology Annual Conference. 

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

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

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

RAMEX REPORTS PROGRESS IN INDIANA 

In a June 28 letter to shareholders, Ramex SynFuels 
International, Inc. stated that a number of changes 
had been made in the control system and several 
modifications made to the heater being used in their 
in situ shale gasification test in Indiana. Operators 
have started and stopped the process on the Oster-
tag #1 well several times since It was completed on 
May 9th. 

A	 first	 test conducted on May 12th	 found that gas 
was	 being produced	 with	 a	 heating value of 
915 BTU's and with a 68.87 percent methane content. 
Another	 test was	 conducted	 on June	 28, 1988 and 
ended	 up with	 a	 930	 BTU	 rating with a 
67.15 percent methane content.

Ramex has drilled a second well, Ostertag #2. A 
petition was made to the State of Indiana for per-
mission to drill 230 wells on the lease near Hen-
ryville and also for permission to be able to drill 
anywhere in the State of Indiana on 0.25 acre spac-
ings. According to Ramex, the petition was sub-
mitted on June 2nd to the Department of Oil and 
Gas and a hearing was held before the Natural 
Resources Commission on June 23rd and received a 
vote of approval. The company hopes to be hooked 
up to the pipeline and selling gas in Indiana within 
a matter of a few weeks. 

In May, doubts were publicly raised over whether 
Ramex had actually carried out the preliminary 
gasification trials it claimed In Wyoming. Since 
there are no public records of the work, it is im-
possible to confirm the company's claims for its 
process (see Pace Synthetic Fuels Report, June, 1988, 
page 2-4) until further results are released. 

UNOCAL PROJECT BUYS NATURAL GAS SUPPLY 

Barrett Resources Corporation, Denver, Colorado, has 
signed a contract to sell four billion cubic feet of 
gas during two years to Unocal Energy Mining 
Division's oil shale plant near Parachute, Colorado. 
Gas supply will come from Barrett's Grand Valley ex-
ploration and development project in western 
Colorado's Piceance basin. 

Unocal has been buying natural gas to fuel its oil 
shale operation rather than attempting to recover 
the retort gas, which is currently flared.

CERAMIC APPLICATIONS STUDIED FOR PFROSIX SPENT 
SHALE 

Oil shale retorting residue from the Irati Formation 
and generated by the Petrobras Petrosix Process is 
being used to develop a manufacturing process for 
ceramics by the Federal University of Rio de Janeiro 
(UFRJ). Rio University's scientists are interested in 
studying alternatives for shale residue utilization. 

Experiments carried out to study the utilization of 
retorted shale show that Sao Mateus do Sul, where 
the Petrobras Shale Oil Plant (Six) is located, will 
probably become one of the most important industrial 
complexes in the southern state of Parana. 

The Petrobras Petrosix Process Is the only Brazilian 
industrial process for utilizing oil shale, using it as 
an alternative energy source. The high percentage 
of residue from processing (90 percent by weight) 
and its intrinsic characteristics led IJFRJ to propose 
developing a Chemical Shale Project. 

A meeting on the Chemical Shale Project was held 
by Parana Development Bank (Badep), a member of 
the Project together with Six, UFRJ, and the direc-
tors of industries interested in setting up units to 
make use of these resources. 

There are high expectations for the economic poten-
tial of the industrial module Petrobras is building 
next to the experimental shale unit at Irati, 
scheduled to go on stream toward the end of 1989. 

When the industrial module is finished, daily output 
from Sao Mateus do Sul will rise to 3,343 barrels of 
shale oil, 170 barrels of naphtha, 50 tons of li-
quefied gas; 81 tons of gas and 98 tons of sulfur. 
Brazil has currently been importing 83 percent of 
the 1,400 tons of sulfur consumed by its chemical, 
petrochemical, foodstuff and pharmaceutical in-
dustries. 

Petrobras-Six and Badep are now working together in 
order to set up an advanced technology complex, 
with shale exploration as the prime mover. In a 
speech to businessmen, Six's superintendent Cesar 
Harlem noted that when the new industrial module 
comes on stream, some 7,800 tons of shale will be 
utilized daily, yielding more than 6,000 tons of 
retorted shale. This material is currently being 
returned to the mine. However, aiming at a better 
use of shale deposits, at optimization and cost cut-
ting in the Petrosix Process, research is going for-
ward to use fines from both crushed raw and 
retorted shale.	 Investments to develop these tech-



nologies are scheduled at US$ 2 0 million. 
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TRANS-NATAL T-PI1OJECT TO FINISH PHASE 2 EFFORT 
THIS TEAR 

The Republic of South Africa ( g.S.A.) has vast coal 
reserves, estimated at 115 trillion mineable tons. 
Four major mining companies and several smaller 
companies are actively involved in coal mining 
operations. Trans-Natal Coal Corporation is one of 
the major coal mining companies in the R.S.A. and 
In 1987 sold approximately 32 million tons of coal 
for power generation, local and export markets. In-
cluded in the substantial coal reserves owned by 
Trans-Natal are approximately 70 million tons of tor-
banite. The average yield of oil from retorting 
torbanite Is twice that of the average Colorado oil 
shale in the United States. 

The Trans-Natal Torbanite Project (F-Project) was In-
itiated to produce syncrude from this deposit, which 
is situated In the Transvaal Province of the R.S.A. 
as shown In Figure 1.

FIGURE 1 

LOCATION OF TRANS-NATAL

T-PROJECT 

In South Africa the occurrence of oil shales is 
limited. Although torbanite deposits exist In other 
areas, they are too small and the seam thickness 
too thin to be economically exploited. Even the 
T-Project at an annual production rate of 5.3 million 
metric tons only has a 25-year life. 

This type of venture is not new in the R.S.A. As 
far back as 1935 the company SATMAR (South 
African Torbanite Mining and Refining Company Ltd.),

in another area in the same province, mined and 
retorted torbanite on a commercial scale to produce 
syncrude. This operation ceased in 1962, mainly due 
to the depletion of the higher grade deposits. 

After completing Phase I (the pit-feasibility study 
phase), the torbanite project is now in its second 
phase, which is the investigation and basic design 
stage. It was reported to the American Mining Con-
gress that Phase 2 is scheduled for completion by 
the end of 1988, after which the project will enter 
Into the implementation phase. 

Geology 

Torbanite is actually considered to be a sapropeic 
type of coal. These coal lithotypes are non-banded, 
dull and compact with an even granular surface and 
concholdal fracture. They are considered to have 
their origins in open or deeper water and are 
formed from the accumulation of algae and fine 
wind- or water-borne detrital organic matter. They 
usually contain finely distributed mineral matter. 
The lenticular, geographically restricted nature of 
torbanite and its close association with bituminous 
coal, supports such an interpretation. 

A generalized stratigraphic profile of the coal 
measures in the T-Project area is shown in Figure 2. 
The torbanite occurs within the No. 5 coal seam. 
Figure 3 shows the detailed stratigraphy of the No. 
5 coal seam with the torbanite horizon interbedded 
between two layers of bituminous or liurnic coal, the 
three units together constituting the No. 5-Lower 
seam. 

The total No. 5-Lower seam shown in Figure 3 is 
considered mineable. The seam thickness ranges be-
tween 1.0 meter and 2.3 meters, with an average 
thickness of 1.5 meters. 

The immediate floor of the mining horizon comprises 
mainly laminated carbonaceous shale and micaceous 
laminated siltstone.	 These tend to slake when ex-
posed to air and water. The resultant soft floor 
poses problems with respect to maintaining a 
reasonable horizon, both for transport vehicles and 
actual mining equipment. 

The immediate roof of the mineable horizon consists 
of the carbonaceous shale of the No. 5-Upper coal 
seam over the eastern part of the reserve area. 
Over the western part of the reserve area the No. 
5-Upper seam is not developed, resulting in the roof 
being sandstone and/or siltstone. Poor roof condi-
tions are therefore foreseen in areas where shale 
occurs in the Immediate roof of the mining horizon 
and where the sandstone and/or siltstone in the im-
mediate roof is thinly laminated. 

The average depth of the No. 5 seam below surface 
is 80 meters. 
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techniques were considered, but only froth flotation 
and sorting offered any basis for commercial separa-
tion.

FIGURE 3 

THE NO. 5 COAL SEAM
DETAILED STRATIGRAPHY 

Finn 

Extraction of Tcrbanite 

During Phase I extensive pilot plant retort and 
upgrading tests were conducted in West Germany on 
n torbanite retort feedstock with 10 percent coal 
contamination. This was considered to be the maxi-
mum coal contamination that the syncrude beneficin-
tion process could tolerate without having a 
detrimental effect on the quality of the oil and the 
yield per ton.

This perception	 was	 based on the experience	 of	 the 
retort process utilized at 	 the SATMAR operation from 
1935	 to	 1962. 

To	 achieve	 this,	 only	 two	 options	 were	 considered 
worth pursuing: 

-	 Separating the	 torbanite from the bituminous 
coal in a process plant after	 mining the two 
together 

-	 Selectively	 mining	 the bituminous	 coal	 and 
the torbanite,	 as was practiced at the SAT-
MAR operation 

During the	 investigations	 Into the	 separation	 of	 the 
torbanite	 from	 the	 coal in	 a process plant,	 various

Some of the sorting techniques tested were: energy 
dispersive x-ray fluorescent (X.R.F.) analysis, infrared 
reflectance and microwave energy absorption. 
Separation by these methods soon proved impractical 
and selective mining was considered the only solution 
to the problem of limiting the contamination of the 
torbanite with coal. 

Selective Mining 

To achieve a maximum of 10 percent coal con-
tamination, It was considered essential that both the 
roadway development and the primary production 
operation be carried out using selective mining at an 
economic production rate. 

The project team started Investigations and had dis-
cussions with most leading suppliers of coal raining 
equipment. Two designs were finally selected: 

- Roadheader machine for roadway development 

- Longwall shearer for the primary production 
operation 

In both cases, the equipment will be specially 
designed to accommodate the mining conditions ex-
pected. 
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The roadheader was originally designed to toad onto 
a continuous haulage, modified to discharge the tor 
banite and coal onto two separate belt conveyors. 
It was accepted that the production rate from this 
operation would be low and that a high level of su-
pervision and control would be required. 

The longwail shearer for the primary production 
operation was designed to selectively cut coal or 
torbanite in the primary extraction of a longwall 
face. While the concept is innovative, the technol-
ogy is considered proven. 

The thickness variations throughout the field are: 

- Top coal thickness varies from 0.2 to 
1 meter 

- Torbanite thickness varies from 0.25 to 
1.6 meters 

- Bottom coal thickness varies from zero to 
0.9 meters 

Total seam thickness varies from one meter to 
2.2 meters. The average total seam thickness for 
the field is 1.5 meter. A one meter seam thickness 
is considered to be the minimum height for mining. 

Retreat longwall mining is normally practiced in the 
R.S.A. This Is mainly due to the high incidence of 
geological disturbances. 

It was estimated that the coal/torbanite selective 
mining operation would be about 60 percent less 
productive than a normal longwall operation under 
similar conditions. 

To prove that selective mining of the torbanite was 
achievable, it was decided to conduct mining trials 
In 1937. While the trial mine was being established, 
additional pilot plant retort and upgrading tests on 
samples of various mixes of torbanite and coal were 
being conducted in Europe. The process employed 
Included a heavy oil fraction re-cycle back to the 
retort for improved process yield. The results of 
these additional tests on higher coal to torbanite 
mixes became available at the end of 1987 and were 
surprisingly good. They indicated that up to a 
50 percent coal mix there was no significant reduc-
tion in the quality of the oil, although the yield per 
ton of mixed feedstock reduced. 

This development had a major impact on the planning 
of the mining operation, in that it eliminated the 
need for selective mining in the roadway develop-
ment and to a certain extent in the primary produc-
tion operation. For non-selective development a 
standard roadheader and continuous haulage is now 
planned to be used. 

It is now foreseen that selective primary extraction 
will only be required in areas where the thickness 
of the torbanite is thin relative to the thickness of 
the two coal seams. As a result it now is possible 
to utilize other conventional mining methods in cer-
tain areas and thereby improve the mine layout.

The mining methods now being considered are rib 
pillar, plus selective and conventional longwall ex-
traction. Based on the new development with regard 
to selective mining, plus all the information obtained 
from the trial mine, the strategy is now being com-
pletely reviewed. 

Present planning indicates that the following will be 
required to achieve the 16,000 metric tons daily 
production of raw feedstock: 

- Three independent incline and vertical shaft 
systems with overland conveyors to the plant 

- Four Main Rib Pillar Development Sections 
- Three Rib Pillar Extraction Sections 
- Three Longwall Development Sections 
- Three Longwall faces 

In one of the three longwall faces selective mining 
will be carried out. 

tett Feed 

The mine will be designed with a number of sections 
to provide a retort feed quality as close to the 
reserve average as possible. The target value coal 
mix is 50 percent with a maximum of 60 percent. 

The three run of mine feeds will be transported 
from the Individual shaft sites by overland belt con-
veyors and reduced to minus 100 millimeters prior to 
primary sampling. 

A primary raw coal stockpile with a live capacity of 
5,000 tons will be provided for the feed from each 
shaft. This is for the short term stacking and 
reclaiming of material which is not to specification. 
Material that is within specification will be mixed 
followed by chevron pattern blending on a circular 
stacker-reclaimer. 

The critical parameters on which control will be ex-
ercised are the "tar" yield, according to Fischer As-
say and the bituminous coal content of the retort 
feed. These two factors have a major effect on 
the final oil quality and production rate. 

From the blending stockpile the feedstock proceeds 
to the deshaling plant. The deshaling plant is cur-
rently planned as a two module, 600 ton per hour 
plant comprising-. 

- heavy media baths 

- Heavy media cyclones 

- Spiral concentrators - particularly for 
removal of pyritic sulfur with dewatering of 
the minus 120 micron fraction to allow 
recovery to retort feedstock. 

The 12,000 tons per thy retort feedstock Is crushed 
down to minus six millimeters, dried and preheated 
before being fed to the retort (Figure 4). 

2-4	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



FIGURE 4 

THE RETORTING SECTION 
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The heart of the retort is a screw mixer in which 
the torbanite comes into intimate contact with the 
hot circulating spent torbartite (char). Rapid heating 
takes place and vapors are driven off. Cyclones 
remove any fines carryover from the hot vapors 
which are quenched by circulating oils. The result-
ing liquid/gas Is separated in distillation equipment 
to yield product gas, light - oil (mainly naphtha), 
middle oil (mainly diesel range fraction), 	 heavy 
residue, and ll 2S and N11 3-rich gases. The heavy 
residue is recycled to the retort for further crack-
ing into useful products, and for further particulate 
removal.

The char from the retort is cooled by quenching 
with process effluent water and then dumped. A 
portion of the char is combusted in a lift pipe to 
provide the heat for retorting. 

In the upgrading section, naphtha and middle oil 
fractions are separately hydrotreated. Hydrotreat - 
ment removes sulfur, nitrogen and oxygen and stabi-
lizes the oil, thereby rendering it suitable as a 
refinery feedstock. The diesel fraction can be 
marketed directly and reforming of the naphtha will 
produce marketable gasoline. 

Project Capital 

The order of magnitude estimate for the project is 
Rand 2,000 million (US$1.0 billion) of which Rand 
970 million is for the synfuels plant. 

In terms of South African currency (Rands) the pur-
chase of crude oil is expensive. In addition its 
supply Is continuously threatened by sanctions and 
boycotts. As a result, the production of synfuels in 
South Africa, even at the current low world price 
of crude oil, continues to have both strategic as 
well as economic benefits. 

In this context the high yield of syncrude per ton 
of torbanite makes the Trans-Natal Torbanite Project 
not only highly viable in South Africa, but also 
competitive in world terms at realistic crude oil 
prices. 
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CORPORATIONS 

NEW PARAHO MAKES PILOT PLANT IMPROVEMENTS 

The New Paraho Corporation has announced that the 
corporation's stock is now included in the National 
Association of Securities Dealer's Automated Quota-
tion list. The stock has been assigned the symbol 
NPCO. The annual meeting of The New Paraho Cor-
poration will be held in Lakewood, Colorado on 
November 21, 1988. 

The New Paraho Corporation's business is the 
development of technology for the retorting of oil 
shale and the processing of shale oil for use as an 
additive to asphalt in roadways. In the summer of 
1988 It has been producing shale which will be 
processed and utilized in highway test strips to 
evaluate the effects of shale oil as an asphalt addi-
U ye. 

New Paraho has recently completed the recommis-
sioning of Its pilot plant facilities, located near 
Rifle, Colorado. This effort, which was initiated in 
June 1987 and which cost in excess of $1 million, 
has resulted in the following Improvements: 

- The Installation of a nominal 30 barrel per 
day fractionation unit. This new unit will 
permit the production of various shale oil 
fractions for product development investiga-
tions at pilot plant scale. 

- The installation of a 500 pound per hour 
steam boiler. This new unit provides relative 
humidity control of the recycle gas stream 
and facilitates other heating requirements 
throughout the plant. 

- The installation of a coalescer recycle oil 
heat exchanger to improve liquid-gas separa-
tion efficiency. 

- The bottom rotary seals have been replaced 
with a loch-hopper system, the use of which 
has provided a significantly improved bottom 
seal on the retort. This modification has 
resulted in a significant reduction in the seal 
gas dilution of the product gas, thus Increas-
ing the product gas heating value. Sig-
nificantly improved material balances have 
also resulted from this change. 

- The addition of 1,200 barrels of additional 
product storage tanks. 

- The installation of improved automatic liquid 
level controls for the coalescer, electrostatic 
precipitator, and final separator. 

- The recycle gas and process air systems have 
been totally insulated to mitigate the effects 
of ambient temperature changes on retort 
operations.

- Validation and improvement of operational in-



strumentation and documentation capabilities. 

In addition to the above, several other process im-
provements have been made which, together with 
significant upgrades in instrumentation, have resulted 
in improved yields and improved heat and material 
balance closures. Those improvements now permit 
the pilot plant to be operated at full commercial 
design conditions as well as to accommodate the 
further process optimization tests now being con-
ducted. 

New Paraho plans to make the pilot plant facility 
available for test runs by interested parties. 

SPP/CPM REPORT PROGRESS ON OIL SHALE PROJECTS 

Southern Pacific Petroleum N.L. (SPP) and Central 
Pacific Minerals N.L. (CPM) each reported an operat-
ing loss of approximately $3.3 million for 1987, but 
the companies maintain a strong financial position 
with combined available funds of some $45 million. 

A summary of their various oil shale project ac-
tivities through July 1, 1988 follows. 

Stuart Oil Shale Deposit 

Following the successful bench scale testing of the 
Taciuk Process, carried out in 1986, a 1,900 tonne 
sample of crushed and dried Kerosene Creek oil 
shale was shipped to Calgary, Alberta, early in 1987 
for testing In the Alberta Oil Sands Technology and 
Research Authority's (AOSTRA) 80 tonne per day 
Taciuk Process pilot plant. The shale arrived in 
Calgary progressively during April and May with the 
test program commencing in mid June. 

The program was conducted by !JMATAC industrial 
Processes (UMATAC), in cooperation with AOSTRA, and 
by technical staff from SPP. The Taciuk Process has 
been developed jointly by AOSTRA and UMATAC. 

The objectives established for the pilot plant cam-
paign were: 

- To demonstrate continuous operation of the 
Taciuk Processor with process stability 

- To determine the yield distribution of liquid 
oil products, offgas and residual carbon at 
conditions approximating those anticipated for 
commercial operation 

- To provide representative samples of product 
oils for upgrading tests, together with spent 
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shale and retort water for the determination 
of waste disposal design parameters 

- To provide a sufficient basis to support a 
technical and economic evaluation of the 
Taciuk Process in the context of the Stuart 
oil shale deposit. 

Thirteen separate pilot plant runs were undertaken 
during the four and a half month program and over 
1,400 tonnes of shale were processed. 

Of the thirteen runs undertaken, nine were selected 
for complete analysis. 

The total time of shale feed for these nine runs 
was 506 hours with the longest single run being ap-
proximately 100 hours to planned shutdown. 

Oil yields varied since not all runs were planned 
with yield maximization as an objective. Some runs 
deliberately explored the limits of operating 
parameters with lower yields resulting. 

Evaluation	 of the analytical	 data has	 resulted in the 
design	 basis yield of	 C 4 + material	 for	 the 
demonstration plant processor being	 set	 at 
95 percent of Modified Fischer Assay liquids.

The pilot plant program also demonstrated: 

- Ability of the Taciuk Processor to remain In 
heat balance with no auxiliary fuel to the 
combustion zone. 

- Recycling to tile retort of the heaviest oil 
fraction in which carried over dust Is con-
centrated. Product oil solids of less than 
0.5 weight percent resulted from operating in 
this mode 

- Materials handling characteristics of the shale 
resulted in no fouling or buildups in the 
Processor and no excessive particle degrada-
tion 

- Processor operation was stable over a range 
of operating conditions and was easily con-
trolled. 

An engineering design basis for a semi-commercial 
plant based on pilot plant data was prepared and 
engineering studies on a range of potential plant 
sizes was completed. Current work involves the 
evaluation of these studies together with marketing 
and financing arrangements with the objective of 
constructing the first plant at Stuart. 

Rundle Oil Shale Project 

During the past year there were further advances In 
the comprehensive investigations being undertaken by 
Rundie's operator, Esso Exploration and Production 
Australia Inc. SPP/CPM, together with Ease, were 
also granted a renewal of joint title over this 
resource for another five-year period, subject to 
minimum expenditure requirements.

Part of the work involved updating the Rundle Com-
mercialization Study, first completed in 1984. When 
completed, the revised estimates will form the basis 
for a re-evaluation of development feasibility. 
Completion is expected by year-end 1988. 

Work also continued on other important studies such 
as solid wastes management, environmental planning 
and process research. 

Condor 011 Shale Project 

Some 17,000 tonnes of Condor oil shale ore, previ-
ously supplied to the Japan Oil Shale Engineering 
Corporation, provided the material for trials of the 
new Japanese 300 tonne per day oil shale pilot plant 
near Fukuoka In Kyushu. 

The plant started up in May, 1987 and processed 
Condor shale until October, 1987 in a series of tests 
at a rate of 220 tonnes per day. SPP/CPM also ob-
tained several tonnes of oil produced from the trials 
for downstream process testing in Australia and the 
United States. 

Results of these Japanese tests with Condor oil shale 
are expected to be available later this year. 

Also during 1987, the Companies began planning to 
test Condor shale in the Taciuk Process retort 
facilities in Canada, with the prospect of following 
a similar program to that completed for the Stuart 
high grade ores. In 1988 the Companies commenced 
studies to asses the feasibility of establishing a 
semi-commercial shale oil plant at Condor, similar to 
that designed for Stuart. 

Nagoorin Oil Shale Deposit 
Nagoorin Saab Oil Shale Deposit 
Lowmead Oil Shale Deposit 
Duaflnga Oil Shale Deposit 

Research, development and engineering effort has 
been maintained on Nagoorin, Nagoorin South, Low-
mead and Duaringa oil shales. Results have steadily 
and progressively accumulated. The first detailed 
pyrolysis and combustion kinetics data were genera-
ted for at least one oil shale unit for each deposit. 
This data allows more accurate sizing of reactors 
(i.e., less overdesign and lower capital costs). 

A two-year experimental work program (on compara-
tive reactor studies) at the CSIRO Division of Fuel 
Technology is nearing completion. This program is 
studying different reactor types for the drying, 
retorting and combustor processes to assist plant en-
gineering and cost minimization.	 Oil shale samples
from the four deposits are included in this program. 

Preliminary characterization studies on reactions of 
the minerals In these oil shales during retorting and 
combustion were initiated. Such reactions are im-
portant as they affect the energy input to retorting 
and combustion, and hence capital and operating 
costs. 
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Work on a thermal properties study, involving several 
oil shale units in the Nagoorin deposit, has been 
completed. The study has included pyrolysis and 
combustion studies of the range of organic rich 
sediments found in the Nagoorin sequence together 
with cracking and coking of product shale oils and 
was carried out by the CSIRO Division of Fuel Tech-
nology. The results are currently being analyzed. 

Batch	 hydrotreatment of	 a	 Nagoorin South	 car-
bonaceous shale	 oil was performed by the Macquarie 
University School	 of Chemistry	 to	 obtain	 data	 on 
hydrogen uptake	 by the	 shale	 oil. This	 work 
provides a	 valuable comparison	 with hydrotrcating 
data for other shale oils.

The Companies increased their interest In the 
Yaamba Joint Venture during 1987, from 10 percent 
to tG.67 percent. The manager, Peabody Australia 
Pty. Ltd., concentrated its oil shale exploration on 
the Herbert Creek Basin area, where approximate 
reserve calculations suggest a resource potential of 
at least 680 million barrels of shale oil at a waste 
to ore ratio of less than 2.5 to one and an average 
grade of 71 liters per ton. 

Furthermore,	 recently revised estimates 
Yaamba Basin area show a minimum 
resource there of 4,140 million barrels. 

Taken together, shale oil resources 
Yaamba have therefore increased from 
barrels to 4.82 billion barrels. 

European Oil Shale Deposits 

The Companies rationalized their holdings of oil shale 
tenements in Europe, recognizing that sufficient ex-
ploration and research had now been completed for 
technical and economic evaluation purposes. Inter-
ests have been retained in Germany and Luxembourg. 

The Companies' 50 percent share of the Luxembourg 
deposit, held jointly with Arbed S.A., was confirmed, 
and no further expenditure Is required to maintain 
this holding. 

The Means oil shale deposit in the State of Ken-
tucky, is relatively small and low grade but because 
of its favorable location and mining characteristics, 
the Companies believe that it will be developed at 
the same time as the deposits in Colorado. 

During the year steps were taken to reduce the 
holding cost of the Means leases without jeopardizing 
the valuable resource portion of the deposit. The 
deposit Is now held, at very low annual cost, on a 
care and maintenance basis.	 Resources are equiv-



alent to 450 minion barrels in situ.

NEW UNOCAL CEO QUESTIONS OIL SHALE PROJECT 

For years, Unocal Corporation has been the only un-
wavering force in oil shale development. The fact 
that the Parachute Creek oil shale project continued, 
even though unable to exceed 50 percent of design 
output more than tour years after startup, was a 
testament to the tenacity of former Chief Executive 
Officer, Fred Hartley. The company's long-time chief 
executive officer had become convinced of the ul-
timate commercial use of oil shale as a young en-
gineering student. Hartley, however, retired this 
year. 

New Chief Executive Officer, Richard Stegemeier, in 
an interview with the Wall Street Journal, placed 
the oil shale operations on the company's "watch 
list s' for possible disposition. Previously, Hartley, 
who retired after 24 years as chief executive, had 
firmly rejected asset sales to cut the company's vast 
debt. Mr. Hartley remains chairman. Mr. 
Stegemeier is president of the company as well as 
thief executive. 

Under Fir. Hartley, Unocal clung fiercely to Its as-
sets even as it struggled to lighten a long-term 
debt load that had swelled to $5.5 billion during a 
huge company stock-repurchase program that helped 
end a clash with Texas takeover baron T. Boone 
Pickens, Jr. The long-term debt at June 30 totaled 
$4.3 billion. 

Mr. Hartley held firmly to operations when oil prices 
plunged in 1986, saying there would be no "fire 
sale." the vast debt, Mr. Hartley said, should be 
repaid mostly out of normal cash flows. Critics who 
urged the company to sell assets were labeled op-
portunists by Mr. Hartley and accused of trying to 
torpedo the company. 

One of the most sacred assets under Fir. Hartley 
was $750 million shale oil plant. 	 The project is 
now under intense scrutiny, 	 according to Mr. 
Stegemeier. Designed to extract 10,000 barrels a 
day of synthetic oil, the plant through 1987 never 
produced more than half that. 

At 8,000 barrels a day, the plant would have a 
positive cash flow. There Is speculation it may be 
given only until the end of the year to hit that 
target. 

Unocal took a before-tax loss in the first quarter of 
1988 of $350 million from writing down the rest of 
its Investment in Parachute Creek. The company 
previously wrote down $250 million of its investment 
in the plant. 

Unocal spent nearly $700 million to build 
and an additional, undisclosed amount on 
expenses. 

The Parachute plant, with its 500 employees, is the 
mainstay of the Garfield County, Colorado economy 
as well as a vital contributor to the economy of 
Mesa County. If it were to close, the regional 
economic impact would be profound. 
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Unocal's oil shale plant has a federal government 
price support that assures it of up to $400 million 
for the oil It produces at a price of approximately 
$46.50 per barrel. As of June, Unocal had produced 
one million barrels of oil and collected $28 million 
In price support payments, according to the United 
States Treasury Department. 

Unocal mailed a copy of the Wan Street Journal ar-
ticle and a letter from Tim Heckel, general super-

visor at the Parachute plant, to all its oil shale 
employees. The letter expressed managements con-
fidence in the plant's ability to achieve positive 
cash flow. 

If Parachute Is closed, Stegemeler said, the company 
would retain the technology It has acquired for later 
development of its huge oil shale resource holdings. 
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GOVERNMENT 

INU. ASSESSES OIL SHALE MINING AND MATERIAL 
HANDLING TECHNOLOGY 

Idaho National Engineering Laboratory, operated for 
the United States Department of Energy (DOE), 
prepared at DOE's request an assessment of oil shale 
mining and material handling (M&MH) technology. 
The study Includes: (1) an economic overview of 
M&Mll costs in the 1960s and cost estimates made in 
the 1970s and 1980s, (2) a review of M&MH tech-
nologies,	 (3)	 a	 tabulation	 of	 research
needs/opportunities, (4) an estimate of the economic 
Impact of successful research, (5)	 a prioritization
of research needs/opportunities by an industry review 
committee, and (6)	 suggestions for Department of 
Energy-funded M&llIll research. It is published as 
report EGG-2517, "Oil Shale Mining and Material 
Handling Technology Assessment." 

Oil shale Is harder than salt or coal, so M&MH 
machines developed for those commodities are not 
directly applicable to oil shale. The principal west-
ern oil shales are thick sequences of carbonate-
bearing rocks of the Green River Formation located 
in Colorado, Utah, and Wyoming. The principal 
mineable eastern oil shales are relatively thin se-
quences of Devonian/Mississippian marine shales lo-
cated along outcrop areas In Alabama, Indiana, Ken-
tucky, Michigan, Ohio, and Tennessee. 

According to the study, United States and interna-
tional M&MH costs In the 1960s ranged from $1.41 
to $3.18 per ton (In 1986 dollars). M&MH costs in-
creased materially in the 1970s, and recent estimates 
for United States projects averaged $5.43 per ton. 
The M&t.IH costs represented about 40 percent of the 
estimated cost of producing raw shale oil (without 
upgrading). The estimated total cost of producing 
raw shale oil (without a profit) for a series of 
United States projects averages $33.21 per barrel (in 
1986 dollars). 

The review of M&MH technology consists of 

- Literature searches and reviews of articles 
that appeared to be germane 

- Contacts with technical representatives of
M&MH manufacturing and service companies 

- Results of technical meetings 

- Discussions about M&MH technology and 
research needs/opportunities with personnel 
from state and federal governments, industry, 
and academia 

The review of M&MH technology Indicates that al-
though the drill-and-blast method of rock breaking 
in mining has been optimized so that impressive ad-
vance rates can be attained, the use of mechanical 
mining machines is gaining acceptance. This Is be-

cause some machines,	 such as tunnel boring 
machines, raise borers, shaft drills, and even 
roadheaders and continuous miners In soft rock offer 
significant advantages In speed, safety, and con-
tinuous (noncyclic) operation. Waterjet assist can 
Increase the capabilities of roadheaders and con-
tinuous miners in some situations, but fragmentation 
of hard rock by waterjets alone is not energetically 
or economically viable.	 Most revolutionary rock 
fragmentation techniques (e.g., lasers, plasmas, 
electromagnetic, electric, and particle beams) depend 
on heat and thus may not be desirable In the gassy 
atmosphere of oil shale mines. In addition, many of 
these techniques consume large amounts of energy 
compared to conventional fragmentation mechanisms. 
Research in the ancillary functions of mining (those 
not directly concerned with breaking rock), such as 
roof support, transport, ventilation, tailings handling, 
and backfill, is critically Important for the improve-
ment of mining technology. Probably the most im-
portant research that can be done is that which 
contributes to the development of improved high-
volume mining systems (open pit mining, vertical 
crater retreat mining, block caving) capable of 
delivering high production rates necessary for sig-
nificant shale oil production. 

A tabulation of perceived needs/opportunities in the 
area of oil shale M&Mll research was prepared from 
the information developed In the technolo gy review 
and in a Mining and Excavation Research Institute 
(LIEU]) brainstorming session chaired by Dr. Peterson 
of the Massachusetts Institute of Technology. The 
tabulation includes 58 items grouped into seven 
general categories. The tabulation includes a brief 
description of each research need/opportunity, status 
of research, type of research involved (basic, ap-
plied, etc.), estimated duration of the research ef-
fort (short, long, intermediate), cost (low, high, 
moderate), and contacts with personnel who are 
familiar with the concept. 

An estimate of the economic Impact of a research 
success for each need/opportunity in the table was 
made by a panel of experts assembled by Synfuels 
Engineering and Development, Inc. (SED). The es-
timated impact was calculated for a hypothetical un-
derground and/or surface project mining 70,000 tons 
per day and producing 31,500 barrels per day of 
shale oil. The estimated Impacts ranged from a 
saving of over one year In startup time and 
20 percent in costs to a loss of about 100 percent 
on the iI&Mll costs. The effect on the "bottom 
line" of shale oil value/cost was evaluated via a 
discounted cash flow return on Investment (DCFFIOI) 
calculation. 

Research that yielded a decrease in the time be-
tween expenditure and a return cash flow had a 
larger positive impact on DCFROI than research 
yielding dollar savings. The economic impact es-
timates were used in the prioritization procedure to 
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provide an evaluation of the consequences of suc-
cessful research efforts. 

The technology review and the resulting research 
needs/opportunities were prioritized by a 14-member 
Industry review committee. The committee rated the 
research needs/opportunities as to the (1) probability 
of success; (2) probability of being carried out by 
Industry without direct government support (under 
ordinary circumstances); (3) expected duration of 
research and development effort; (4) probability that 
SEP's estimate of economic impact of successful 
research was high, low, or reasonable; (5) impact on 
resource recovery; (6) environmental impact; and (7) 
overall research priority. A discussion on the top-
rated research from the industry review committee's 
standpoint produced a list of nine priority areas, 
containing 19 of the 58 research needs/opportunities. 
These areas are in the order of their priority: 

1. Development of an M&Mll process model to 
optimize equipment selection and minimize 
time between expenditure and income. 

2. Determination of mechanical properties of oil 
shale and interactions between oil shale and 
explosives and/or bits and cutters. 

3. Mitigation of institutional problems. 

4. Development of an understanding of the for-
mation, storage/handling, mechanical 
properties, and environmental performance of 
oil shale cements to be used for backfill in 
-nines. 

5. Development of a high-volume continuous 
miner that will decrease production phase 
mobilization time, remove men from the 
working face, and result in more efficient 
and economical oil shale production. 

6. Characterization of geologic/hydrologic 
parameters needed for the potential oil shale 
development areas. 

7. Development of background environmental 
baseline studies for potential oil shale 
development areas. 

8. Studies of the economic and technical impact 
of oil shale beneficiatlon and the implications 
of processing very high-grade beneficiated oil 
shale. 

9. Development of completely automatic drill 
modules to remove men from the working 
area and optimize drilling operation. 

Additional discussions on prioritization from the 
standpoint of DOE-supported research in the M&MH 
area resulted In removing the institutional and en-
vironmental research needs because, although they 
are extremely important, they are not M&MH 
problems. These discussions resulted in the following 
modified list, presented in order of importance:
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Oil shale/explosive/cutter/bit interactions 
Oil shale cement 
M&MU modeling 
Continuous miner 
Geological/hydrological characterization 
Beneficiation studies 
Automatic drill systems 

Two different oil shale development timing scenarios 
were discussed: (1) development starting in response 
to a fuel crisis in five years and (2) gradual 
development after the year 2000, as the least ex-
pensive shale oil projects become competitive with 
conventional crude oil pricing. 

The report points out that since DOE funds are 
limited, research projects should be selected care- 
fully. Those projects whose results contribute to 
both short-term and long-term development should be 
given highest priority. Projects that contribute only 
to long-term development should be given less 
priority. Short-term projects to develop specific 
mining machinery tend to be very expensive and 
produce results that become obsolete quickly. 
Therefore, they should be given lowest priority. 

Utilizing these criteria, the research areas recom-
mended for DOE support are: 

- Oil shale/explosive (bit, cutter, etc.) interac-
tions 

- Oil shale cement 

- M&MH model evaluation 

- Geologic/hydrologic characterization 

- Enhanced beneficiation studies 

These selected areas were largely directed toward a 
near-term oil shale development but also would 
produce results that are valuable for long-term 
development. To provide a broader scope of 
research, it was suggested that perhaps 10 percent 
of the M&MII budget be used for long-range, high-
risk, high-return projects. Development of artificial 
intelligence and real time rock characterization, 
which were rated in priority just below the projects 
in the list above, would be examples of such long-
term projects. Another example of long-term 
projects would be development of new high-strength 
materials. 

In	 the future	 Idaho National	 Engineering Laboratory 
will	 be working on an	 oil	 shale cement assessment 
and an evaluation	 of microsecond stress strain	 rock 
reaction. These	 are both	 high priority areas	 and 
are areas	 considered to have good potential for suc-
cess.
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ENERGY POLICY AND FORECASTS 

RESEARCH ON OIL SHALE URGED 

The president of Colorado School of Mines, Golden, 
Colorado says there is not enough research being 
done to make oil shale an economical source of 
fuel. 

Speaking in Grand Junction, Colorado, Dr. George An-
sell said yesterday's technology won't work today. 
"What we did 10 years ago is not good enough," he 
said. "We have got to do something for the 
future." 

Building demonstration plants with old technology ob-
viously does not work so there is a misperception 
that it's not worth the cost. But right now there 
is no funding for research to make it work, Ansell 
said.

There is no funding because people do not see it as 
a priority. And if citizens do not, then the govern-
ment won't, he added. 

"People in government respond to what they perceive 
is the will of the people," Anseli said. "People hero 
should be banging on their congressman to get the 
funding now." 

But they don't do that until a problem arises, and 
then it is too late, Ansell said. 	 "We don't seers to 
have the capability to anticipate," Ansell said. 	 "We
only react." 
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ECONOMICS 

FOSTER WHEELER ESTIMATES COSTS FOR Oil, SHALE 
PLANTS 

Under a contract with the United States Department 
of Energy's Morgantown Energy Technology Center 
(METe), Foster Wheeler USA has developed conceptual 
designs and cost estimates for commercial oil shale 
processing plants. 

The METC is interested In developing systems models 
of oil shale processes. The systems models will be 
used to determine which process or process alterna-
tive gives the best performance in terms of a 
specific objective, such as lowest pollution emissions, 
highest thermal efficiency, or lowest capital cost. 
Various processing configurations will be analyzed to 
determine which overall plant design will result In 
meeting the desired objective, and to identify areas 
for future R&D which could potentially improve the 
overall economics. 

In support of this effort, the conceptual designs 
developed by Foster Wheeler are Intended to provide 
detailed technical and cost information for METC's 
use. 

Three conceptual design cases were executed for the 
nominal production of 50,000 barrels per day of 
syncrude based on processing run-of-mine shale in a 
grassroots facility: 

1. Fluidized-bed retorting/combustion of Colorado 
Mahogany zone shale. 

2. Alternate case design employing an FCC con-
cept of fluidized-bed retorting/combustion of 
Colorado Mahogany zone shale. 

3. Directly heated, moving, vertical-bed process 
using Colorado Mahogany zone shale. 

For each case, the study Included the following: 

- Selection of process units for the overall in-
tegrated plant. 

- Process unit designs, including process flow 
diagrams, material and energy balances, 
equipment specifications, and utilities require-
ment. 

- Identification of process design uncertainties 
and recommendations for process alternatives. 

- Specifications for plant support systems and 
description of the overall plant layout. 

- Estimated capital Investment for the in-
tegrated plant, detailed by individual process 
unit. 

- Estimated overall operating requirements and 
annual operating costs for the plant.

Based on non-confidential information, designs were 
developed for commercial size retort modules 
employing fluidized-bed retorting and vertical 
moving-bed retorting of 30 gallons per ton Colorado 
oil shale.	 Corresponding designs for downstream 
processing units were also prepared. The overall 
processing sequence is illustrated by the generalized 
block flow diagram in Figure 1. 

The design bases for the three retorting systems are 
summarized in Table 1. Feed and product streams 
for each Case are summarized in Table 2. 

The rates shown in Table 2 represent normal con-
tinuous operation for a plant designed to operate 
330 days per year. The blended syncrude product 
oil contains a maximum of 1,000 parts per million 
nitrogen and has a maximum pour point of 30 0 F, as 
adjusted by the addition of a pour point depressant. 

Case 3 was divided into two sub-cases: Case 3A In 
which the shale fines, approximately tO weight per-
cent of the run-of-mine shale feed, are mixed with 
spent shale, moisturized and then sent to disposal, 
and Case 3D in which the shale fines are burned in 
a boiler to produce steam and power. In this Case 
the combusted fines are also moisturized and sent to 
disposal. 

Table 3 summarizes the total plant Investment costs 
for the three Cases. These estimates reflect mid-
1987 costs for a western Colorado site. In addition 
to the installed plant cost, the total investment in-
cludes allowances for project contingency, initial 
catalyst and chemical charges, spare parts, startup 
costs, and working capital. The total investment es-
timates exclude the cost of land and project owner 
costs such as project management, environmental 
permitting, and monitoring. 

Annual plant operating costs were developed from 
the estimated normal operating requirements and 
yields. The preliminary economic evaluation shown 
in Table 4 resulted from the estimated capital and 
operating costs. 

The conceptual designs were assessed in terms of 
the technical uncertainties Identified and the as-
sumptions made in developing the preliminary process 
designs. Accordingly, the following were identified 
as critical design aspects: 

- Retort scaleup relative to the dynamics of 
solids and gas flow 

- Solids attrition during retorting 

- Char combustion and formation of CO, SO2, 
and NO 

- Trace contaminants and other sulfur com-
pounds produced in retorting 
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FIGURE 1 

BLOCK FLOW DIAGRAM FOR FOSTER WHEELER ESTIMATES 
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- Solids removal from raw oil 

- Ilydrotreating catalyst poisoning 

- Waste water contaminants 

- Crushing characteristics of shale 

- Environmental acceptability of spent shale 
disposal concept 

Study Caiclusbns 

A side-by-side FCC-type arrangement for fluidized 
bed retorting is considered to present fewer techni-
cal risks, with comparable economics, than gravity 
flow design with lift pipe combustion. The lift pipe 
design presents a high degree of uncertainty in 
terms of efficiency of char combustion and scaleup 
to large diameter units particularly In regard to 
fluid/particle dynamics.

While	 net	 operating costs	 are comparable for	 fluid 
bed and moving bed retorting plants,	 the fluid	 bed 
plant	 design	 Is	 20 percent	 more	 capital intensive. 
The higher	 cost	 is mainly due to	 a	 higher cost	 of 
the	 retorting	 section associated with	 heat recovery 
equipment and carbon monoxide incineration.

At best, tines combustion combined with to ying bed 
retorting (Case 3D) Is marginally attractive. Under 
the economic parameters assumed for this study, the 
generation of export electric power by adding shale 
fines combustion was a break-even proposition at n 
capital charge of 15 percent per year. 

Prevention of or removal from shale oil and process 
streams, of fine particulates and trace contaminants 
were identified as critical R&D areas. 
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TABLE 1 

REmwruc DESIGN RAZES 

Total Retort Shale Feed, TPD 
Nominal Single Train Capacity, TPD 
Number of Retorting Trains 
Retort Yield, "6 Fischer Assay 
Retorting Terwerature, Degrees F 
Retort Outlet Pressure, P510 
Feed Shale Throughout, Lb/Hr-Ft2 
Feed Shale Particle Size, Inches 
Particle Residence Turn, Minutes 
Outlet Gas Tenperature, Degrees F 
Recycle Gas Rate, SCF/Ton 
Recycle Gas Tenperature, Degrees F 
Shale Recycle/Feed Mass Ratio 
Retorted Shale Combustion-Type 
Mlneral Carbonate Decooposition, 96

Case 1 
Fluid-Bed 
Retorting 

72,720
12,000

0
105
930

5
4,000
-1/4

4
930
985
800

3
Lift-Pipe

23

Case 3 

	

Case 2	 Moving
Fluid Bed Vertical-Bed 
Retorting Retorting 

	

72,720	 78,080 

	

12,000	 19,500 

	

6	 4 

	

105	 100 
930 1,200-1,300 

	

5	 0.5 

	

4,000	 500 

	

-1/4	 -3+1/4 

	

4	 75 

	

930	 140 

	

985	 14,000 

	

800	 180 

	

3	 NA 

	

Fluid-fled	 In-Situ 

	

23	 30 

Retort Unit Max. Elevation, FT
	

305
	

170	 100 

Overall Deconposition During Retorting and Combustion 

TABLE 2

FEW AND PIXE1'S 

Feed Case 1 Case 2 Case 3 

Total Run-of-Mine Shale, TPD 72,720 72,720 87,602 
Total Retort Feed, TPD 72,720 72,720 78,080 

Products 

Synthetic Crude Oil BPD 
Naphtha 6,158 6,158 7,914 
Diesel 011 8,207 8,207 7,332 
Heavy Oil 40,195 40,195 36,340 

Total: 54,560 54,560 51,586 

Elemental Sulfur, TPD 70.6 70.5 83.6 
Anhydrous Amwnia, TPD 211.8 211.8 212.3 
Moisturized Spent Shale, TFD 62,847 62,847 74,747 

72,086* 

*Alternate case with shale fines combustion

2-15	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988 



TABLE 3 

CAPITAL WST ESTIMATES
(Mid-1987, Colorado, $Mlilton) 

Case 1 Case 2 Case 3A Case 4A 

Installed Plant Cost: 
Processing Units 1,523 1,500 1,048 1,047 
Support Systems 394 399 439 607 

1,917 1,899 1,487 1,654 
Project Contingency €3 1596 287 285 223 240 

Total 2,204 2,184 1,710 1,902 

TABLE 4

PRELIMINARY PLXIWC EVALUATION 

Syncrude Production, BPD 
Total Plant lnvestnunt, $11.1 

$/Daliy BBL 
Net Operating Cost, $/BBL 
Total Syncrude Cost, $/BBL 

Capital Charge 
O 15% Per Year 
€3 2016 Per Year 
O 25% Per Year

Case 1 Case 2 Case 3A Case 3B 

54,560 54,560 51,586 51,586 
2,385 2,362 1,878 2,060 

43,713 43,292 36,405 39,933 
19.48 19.48 19.38 17.88 

39.35 39.16 35.92 35.92 
45.97 45.72 41.44 41.97 
52.60 52.28 46.95 48.02

2-16	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988 



TECHNOLOGY 

SUPERCRIflcAJ. AMMONIA-WATER IS A SOLVENT FOR 
OIL SHALE 

Work carried out by Ellington, Baugh and Chappell at 
the University of Oklahoma and reported to the 
American Institute of Chemical Engineers National 
Meeting in Denver, Colorado in August involves the 
use of supercritical aqueous ammonia as an extrac-
tion solvent for the organic matter in oil shale. 

Thermal solution processes, that Is the heating of oil 
shale in the presence of a liquid or supercritical 
fluid, have been the object of investigation recently. 
With a few exceptions, it appears that extensive 
crushing and grinding are required to obtain high 
yields of shale oil; the exception being aqueous 
methanol. The authors contend It has not been 
proved that use of a supercritical fluid is ex-
elusively extraction, but may Include solubilization or 
liberation of the organic material from the rock 
matrix to permit high yields.	 The transport
properties of the supercritical fluid may be at least 
as important as any thermodynamic solubility 
enhancement. McKay, et al. reported that a super-
critical mixture of methanol and water at 400 0 C 
broke down the physical structure of Green River oil 
shale and released approximately ninety weight per-
cent of the organic matter from the rock. Other 
recent papers suggest that Green River kerogen con-
tains polar rnoitles like carboxylic acids, amines, and 
heterocyclic compounds that are capable of forming 
polar linkages, i.e., organic acid and/or base salts, 
with the inorganic components In the shale. There-
fore, a polar, protic solvent like aqueous methanol 
should be more likely to solvate these bonds than 
toluene, tetralin, carbon dioxide, or carbon monoxide. 

The Oklahoma Investigation began with tests with 
pure water and pure methanol to explore the 
endpoints of earlier work.	 They then examined 
aqueous ammonia. Ammonia Is a polar, protic sol-
vent produced from raw shale oil In normal opera-
tions, because the oil contains about two percent 
nitrogen which must be removed to obtain a fungible 
pipeline oil. Hydrotreating the raw shale oil 
removes the nitrogen as ammonia which Is easy to 
recover. 

The methanol-water data suggested that some com-
bination of thermal decomposition and solution was 
Involved. There was evidence of increase In 
pyridine compounds in the oil In going from 375 to 
4000 C, which might result from separation of such 
compounds from the mineral surface. Further, both 
methanol and water are polar, protic solvents with 
the ability to form hydrogen bonds, and this could 
play an Important part in the results obtained by 
disrupting organic-inorganic ties within the shale. 
Therefore It was decided to carry out a preliminary 
examination of the efficacy of supercritical pure 
methanol and water to solvate/free/liberate kerogen 
at lower temperatures.

Since ammonia should be even more protic than 
methanol or water, and is a normal byproduct of 
operations, a follow-on experiment examined the 
ability	 of	 supercritical	 ammonia-water 	 to 
solvate/free/liberate kerogen or its products from oil 
shale. 

Ri1ts 

Results for the first phase of the work are 
presented in Figure 1 for pure water and Figure 2 
for pure methanol. The water point for 400 0 C and 
4,000 pslg shows about five percent less organic 
carbon removal than McKay's for aqueous methanol 
at the same temperature. As temperature decreases 
below the incipient retorting temperature, organic 
removal decreases significantly. An Increase in 
pressure at constant temperature appears to increase 
the amount of organic released. 

FIGURE 1 

RELEASE OF ORGANICS FROM OIL 
SHALE BY SUPERCRITICAL WATER 
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FIGURE 2 

RELEASE OF ORGANICS 
FROM OIL SHALE BY 

SUPERCRITICAL METHANOL 
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The 400 0 C points for pure methanol show con-
siderably less recovery than McKay obtained for 
methanol-water at this temperature. A decrease In 
organic removal with decrease in temperature Is ob-
served again. No explanation can be given for the 
convolutions in the 3,000 and 4,000 psig curves. 
Error analysis would suggest that the variations do 
exist, but, In fact, the error bar for each point may 
be such that there Is no difference between the 
curves. 

The data suggest that the poorer organic removals 
for pure water and methanol compared to the mix-
ture are real and that synergism exists. Differences 
in transport properties, protic characteristics, and 
solubility parameter could provide reasons for the 
mixture to perform better. Convinced that a com-
bination of thermal solution, Incipient retorting, and 
organic-Inorganic bond breaking are involved, the 
researchers felt that a change to an even more 
protic solvent would be worthwhile. The probable 
onslte availability of ammonia, Its characteristics, 
the difficulty of using It as anhydrous ammonia In a 
commercial plant, and the possibility or synergism 
with water led to selection of aqueous ammonia for 
the next phase of the work. 

The experimental results for the aqueous ammonia 
work are summarized in Table 1. Organic recoveries 
of 80 to 90 percent were obtained, equivalent to 
about 130 percent of Fischer Assay. 

There is no significant pressure dependence of 
recovery. Substantial temperature dependence Is 
shown, which suggests that thermally labile bonds 
are broken and pyrolysis occurs. The results at 
390 0 C and 4,750 psig were interesting since the 
effects of pyrolysis appeared to be reduced and the 
organic material recovery was high. 

The nitrogen content of the oil recovered by this 
system was only slightly higher than other shale oils. 

The shale samples used in this work were relatively 
lean. The raw shale averaged 11.96 weight percent 
organic carbon (19.7 gallons per ton Fischer Assay) 
too lean to be economic for retorting. With super-
critical ammonia-water the	 oil equivalent	 of
26.8 gallons per ton was produced without agitation 

TABLE 1 

SHALE OIL YIELDS PWkI AqJWJS AMMONIA E(l'RAc17I04
(Wt. % of Raw Shale Sample) 

Pressure, a	 380 Deg. C a Deg. 2 400 & 2 410 Deg C 

5000 10.85% 
4750 13.43% 13.11% 11.74% 
4000 10.67% 12.89% 11.74% 
3250 12.66% 12.55% 11.67%
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of the sample during processing.	 In another test, 
small blocks were cut from the same piece of 
source rock used for the extraction tests. The 
blocks were exposed to supercritical ammonia-water 
at about 4000 C and 4,750 psig with no agitation. 
After 15 minutes the blocks were hard to handle 
without breaking, especially along organic matter 
planes. The mechanical strength of these blocks was 
similar to that of dried mud alter Soxhiet extrac-
tion.	 Subsequent analysis of these blocks showed
87 percent removal of the organic material. 

The investigators conclude that aqueous ammonia is 
as effective in solubilizlng/releasing the organic mat-
ter from oil shale as aqueous methanol at the same 
temperature. Conclusions regarding optimum operat-
lag conditions cannot be made from so few data, 
but the best kerogen release occurred at 4000 C 
and 4,750 p51g. This solvent system appears to 
merit further Investigation. 

AUSTRALIAN AND U.S. OIL SHALES TESTED IN TACIUK 
PROCESSOR 

The Taciuk Processor technology has been tested and 
developed, during the last 13 years, by UMATAC In-
dustrial Processes under funding agreements with the 
Alberta Oil Sands Technology & Research Authority 
(AOSTRA). During this period, a wide range of 
feedstocks have been tested in batch units and in 
the five ton per hour continuous-operation pilot 
plant located in Calgary, Alberta, Canada. 

During the period 1985 and 1986, several series of 
batch pyrolysis and batch combustion tests were 
carried out on Australian oil shales and United 
States oil shales. For the Australian shales, a major 
pilot plant test program was successfully completed 
in 1987. This program Involved shipment to UFIIATAC 
of 2,000 tons of medium high grade shales from the 
Stuart shale deposit in Queensland and approximately 
1,550 tons were processed in the pilot plant. This 
program was described to the American Institute of 
Chemical Engineers meeting in Denver, Colorado in 
August. 

The Taciuk Processor Is a direct thermal process 
which simultaneously cracks hydrocarbons present In 
oil sand or oil shale feed, recovers the liquid oil 
fractions as a hot vapor, recovers the gas fractions 
and burns coke deposited on the host sand to 
provide the major heat requirement of the process. 

In 1984, a proposal, including definitive design and 
cost estimates for a 90 tonne per hour Demonstra-
tion Project, was completed and submitted to 
AOSTRA. This proposal was accepted by the Board 
and AOSTRA has since been engaged in negotiations 
with potential participants for the demonstration 
phase of the project. The currently depressed oil 
prices have made it difficult to obtain industry par-
ticipation for this project.

In 1985, UMATAC, having completed Taciuk Processor 
development for oil sands up to the demonstration 
project state, started looking at oil shale. Samples 
of shales, obtained from the United States, Australia 
and New Brunswick, Canada, were successfully tested 
in UMATAC's batch pyrolysis and combustion test 
units. 

In 1985 batch testing of medium and high grade 
United States oil shales was carried out in coopera-
tion with Tenneco Oil Processing and Marketing of 
Houston, Texas. 

Initial batch testing of Australian Stuart oil shale 
samples were received from Southern Pacific 
Petroleum (SPP) and obtained from the Stuart 
deposit. These batch tests indicated the processor, 
with minor modifications, could be used for process-
ing oil shale. Oil quality and yields were considered 
acceptable. 

Tests in 1986 

A much larger five tonne sample of Stuart oil shale 
was subjected to extensive batch testing to deter-
mine the following: 

- C4 + oil yield 

- Oil quality 

- Coke combustion 

- lleat exchange capability 

- Effect of variables such as temperature, 
residence time, recycle solids type and quan-
tity, use of stripper gases, etc. 

- Obtain oil samples for SPP test program 

Oil yields and oil qualities obtained from these batch 
tests, together with previously developed process 
design and cost data, were used to project capital 
and operating costs for a Tacluk Processor plant. 
These costs were considered very competitive as 
compared to other processing methods. 

Tests in 1987 

In 1987, UMATAC received a 2,000 tonne sample of 
crushed and partially dried Stuart shale for testing 
in the 4.5 tonne per hour Taciuk Processor pilot 
plant. A series of runs, scheduled for 50 to 
100 hours of continuous operation, were carried out, 
and approximately 1,550 tons have been processed 
with very encouraging results. The parties are cur-
rently working on the technical and financial 
development of a 6 9 000 to 10,000 ton per day 
prototype plant to be located in Queensland, 
Australia. 

Prm	 Description 

The Taciuk Processor consists of a single, horizontal, 
rotating vessel which includes individual compart-
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ments to perform the processing steps required to 
recover a pumpable oil product (Figure 1). 

Crushed and partially dried oil shale feed is intro-
duced into the preheating section of the processor 
where connate water is evaporated as steam, and oil 
shales are heated by heat exchange with the hot, 
outgoing spent shale. The preheated shale is then 
transported into the reaction zone where it is mixed 
with hot, combusted shale from the combustion zone. 
The resulting temperature is adequate to thermally 
crack the hydrocarbons yielding a vapor stream con-
taining the cracking reaction gases and liquids (In 
vapor form), and a coke residue coating on the 
shales. The hydrocarbon vapor stream leaving the 
processor is passed through cyclones to remove fine 
shale solids, then processed through a fractionating 
tower where liquid fractions may be separated for 
further processing. Fractionator off-gases are fur-
ther cooled to condense light ends and water, then 
passed to a central gas processing plant to recover 
additional light ends. A heavy bottoms oil cut from 
the fractionating tower can be recycled back to the 
processor reaction chamber or used as supplemental 
process fuel.	 The product oils are pumped to 
downstream,	 or remotely located hydrotreating
facilities.

The coke-coated shale leaving the reaction zone dis-
charges	 into the	 combustion	 zone.	 In	 this	 zone, 
preheated air	 is	 injected	 to	 burn	 a	 portion	 of	 the 
coke	 to provide	 heat	 for	 the	 processor.	 Auxiliary 
burners	 are	 available	 to	 provide	 heat	 for	 startup, 
for	 trim control and for emergency conditions. 	 The 
hot shale from the combustion zone passes through a 
recycling arrangement	 that	 ensures	 an	 adequate 
supply of hot	 shale	 to	 the	 reaction	 zone,	 while	 al-
lowing net spent shale	 to	 move into the outer heat 
exchange compartment.	 As	 the	 net	 shale	 flows

through this zone, it Is cooled by giving up heat to 
the incoming oil shale feed. The partially cooled 
tailings shale is removed from the processor 1 further 
cooled and wetted by water addition, then 
transported by conveyors to a spent shale area. 
Combustion gases leaving the processor flow through 
cyclones to reduce the fine solids, then pass through 
a wet scrubber that removes most of the remaining 
fine solids and can chemically remove most of the 
sulfur dioxide produced by the combustion of coke. 
The wet scrubber liquid is used as a cooling medium 
for the tailing shale. 

Small Batch Test Results 

A five tonne sample of Stuart shale from Southern 
Pacific Petroleum in Australia was crushed to the 
required size ranges and subjected to a range of 
batch tests. 

The apparatus used is a one-foot diameter, electri- 
cally heated, rotating retort with a system for col-
lecting and measuring vapors released by retorting. 
It included means of preheating both the recycle 
charge of spent and combusted shale, and the charge 
of fresh shale. The fresh shale was heated and 
held under nitrogen to prevent oxidation of the 
kerogen before retorting. 

The batch reactor was operated with direct dried 
shale addition to the preheated shale, dried shale 
addition to a preheated sand charge, and dried shale 
injection to a preheated burnt shale charge. Results 
Indicated that use of the spent shale preheated 
charge had a tendency to decrease oil yield by one 
percent to three percent and to increase the coke 
make by a corresponding amount. 

In general, preheating feed shale above 2200 C, 
prior to pyrolysis, seems to be detrimental to the 
oil yields. 

Large Batch Tests 

In 1986, UMATAC designed and constructed a large 
batch unit that was capable of carrying out heat 
exchange, drying, pyrolysis and combustion test work 
on samples up to 200 kilograms. The combustion 
test drum Is comprised of a 5.5 foot diameter by 
1.5 foot wide lifter section. 

The rotating drum is enclosed within a furnace box 
fueled by propane. 

These tests showed that hot air drying of the feed 
shale, which contains 20 percent to 23 percent con-
nate water, Is readily accomplished and the drying 
rates are similar to those used for conventional 
rotary kiln dryers. The feed shale is sensitive to 
final exit temperatures in that temperatures in ex-
cess of 220 0 C may cause kerogen deterioration. 

Shale combustion rates were determined at varying 
temperatures, particle sizes, combustion air flows and 
drum rotational speeds. In all cases, It was found 
that the combustion rate of shale was more than 
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adequate to satisfy the requirements of the proces-
sor design basis. 

Figure 2 illustrates the relative ease of combustion 
of shale relative to oil sand coked solids. In a 
typical case, the oil shale contains seven percent to 
nine percent of combustible materials relative to two 
percent to three percent for oil sand. The combus-
tible material (coke) is evenly distributed throughout 
the shale agglomerates, whereas the oil sand coke is 
a coating on the exterior of the sand particles. 

Rotational speed and had depth had very little ef-
fect on combustion rates. Bed temperatures In ex-
cess of 6500 C produced combustion rates that were 
limited only by the rate of combustion air flow and 
virtually all the oxygen was consumed. 

Since combustion of only 50 percent to 60 percent 
of the coke present in the spent shale is required 
to provide all the Taciuk Processor heat require-
ments, the tests were not run to 100 percent com-
bustion. 

Pilot Plant Test Results 

A series of 50 to 100 hour runs on the pilot Taciuk 
Processor confirmed that the processor and its sys-
tems, as developed for oil sand, could be readily 
operated on oil shale. The oil yields were very 
similar to those illustrated in Figure 3 and were 
close to 100 percent of Fischer Assay yields. Oil 
density and pour point were better than projected. 
Spent shale combustion rates are more than adequate 
to provide all processor heat duties, even at com-
bustion zone temperatures less than 700 0 C. 

FIGURE 2 
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United State Oil Shale Results 

The United States shale was crushed to 100 percent 
passing three mesh, and run under various process 
conditions. The product oil qualities and yield pat-
terns were generally similar to those obtained for 
Australian shale. 

The C4+ oil yields obtained from the batch unit 
were generally 10 to 20 percent higher than the 
standard Fischer Assay yield carried to a tempera-
ture of 500 0 C. When this temperature was in-
creased to 550 0 C, the Fischer yields increased to 
those obtained by the batch apparatus. 
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REFERENCE OIL SHALE SAMPLES ARE AVAILABLE 

Terra Tek, Inc. of Salt Lake City, Utah, has estab- 
fished, with United States Department of Energy 
(DOE) funding, an oil shale reference sample bank. 

The objectives of the Oil Shale Sample Bank (0558) 
program are to obtain bulk oil shale samples from 
locales in both the Eastern and Western United 
States. Terra Tek's responsibilities include iden-
tification of bulk sampling sites, verification of oil 
yield, bulk sampling, shale processing, distribution of 
reference shales to DOE contractors and others and 
maintenance of the shale inventory for the duration 
of the program. 

The DOE Oil Shale Program was restructured in 1984 
to implement a five-year period of basic and applied 
research in oil shale pyrolysis /retorting. The 
program calls for the study of two reference shales 
per year for a period of five years. 

The Oil Shale Reference Sample Bank was established 
to provide researchers with well characterized and 
well mixed material of uniform particle size for use 
In experimental programs. Availability of carefully 
documented and homogeneous samples will enable In-
vestigators to more accurately compare different ex-
perimental results. The sample bank also provides a 
convenient way for researchers to quickly obtain 
materials for laboratory programs at no cost to their 
programs.	 Samples are distributed primarily to DOE 
contractors.	 Non-DOE contractors may obtain
reference samples with DOE approval. 

Project Description 

Bulk sampling involves removal and transport of up 
to 24 tons of material from outcrops or mines. 
Material Is recovered as appropriate for a specific 
site and then transported by truck to a crushing 
site in Utah. Shale processing consists of crushing 
bulk samples to a uniform size between 3/8 and 3/4 
of an inch. Finer material is rejected. The crushed 
shale is homogenized in a large rotary mixer 
(ready-mix cement truck).	 Samples for distribution
are packaged in 55-gallon and five-gallon capacity 
drums under an inert argon gas blanket. Ap-
proximately 10 tons of processed material from each 
site is stored in drums. 

During shale processing, ten sample splits are 
recovered for analysis to document the sample 
characteristics and homogeneity. A report describing 
shale sampling, processing and results of shale 
characterization is provided to each reference shale 
sample recipient. 

Shale Processing 

Bulk shale samples are crushed at commercial 
facilities in the Salt Lake City, Utah area. The 
crushing chains consist of a primary jaw crusher and 
a secondary cone crusher equipped with 3/8 and 
3/4 inch screens.

The entire crushing train including the conveyor 
belts are thoroughly cleaned with a high pressure 
water stream. Approximately seven tons of shale is 
wasted through the system to Ensure complete 
removal of contaminants. 	 Fines passing through the 
3/8 inch screen are discarded. Coarse material 
retained by the 3/4 inch screen is continuously 
recycled. This process produces a very well sorted 
product. 

Homogenization of the crushed shale sample involves 
the use of a large truck-mounted rotary mixer. The 
mixer is completely cleaned prior to use. Ap-
proximately five tons of crushed shale is wasted 
through the mixer as an added measure to Insure 
thorough cleaning.	 Drums are filled directly form
the output chute of the mixer. 

The shale is stored in 55-gallon and five-gallon 
capacity steel drums which are alternately filled. A 
total of ten five-gallon drum samples are taken for 
analytical characterization. A total of forty 55- 
gallon drums and fifty five-gallon drums are filled 
for long-term storage. An additional 55 gallon drum 
is filled with shale and set aside as a control 
sample. This drum is sealed, but not purged with 
Inert gas. Periodic analysis of shale from the con-
trol drum (once per year) indicates the maximum 
potential for sample degradation during storage. 

The	 shale	 storage	 drums	 are	 of	 coated-steel con-
struction.	 A	 thick	 (five	 to	 eight	 nil)	 plastic liner 
Is inserted in each drum.	 The	 drum lids	 are fitted 
with	 two	 truck	 tire	 valves	 to	 facilitate	 initial inert 
atmosphere	 gas purging and periodic	 repurging. The 
drums are Initially swept with nitrogen gas and then 
Immediately repurged with 	 argon	 gas.	 The drum lids 
are	 then fitted with	 rubber gaskets and sealed with 
non-acidic	 silicon	 sealant.	 Typically,	 the	 scaled 
drums can maintain a positive gas pressure for three 
to four months.

Shale Characterization 

Reference shales are subjected to a comprehensive 
analytical characterization program to determine 
Intrinsic characteristics and uniformity of each bulk 
sample. The baseline analytical data are also useful 
In documenting any shale degradation during storage. 

The analytical program is performed by Evergreen 
Analytical, Inc., Wheat Ridge, Colorado (formerly J&A 
Associates, Inc., Golden, Colorado). 

The current reference shale inventory includes shales 
from the Exxon Colony Mine, Parachute, Colorado 
(average oil yield = 27.3 gallons per ton plus or 
minus 3.81 percent), a Tipton oil shale from an out-
crop near Rock Springs, Wyoming (average oil yield = 
22.8 gallons per ton plus or minus 3.85 percent), and 
a New Albany (Clegg Creek Member) shale from 
Knieriem's quarry near Louisville, Kentucky (average 
oil yield = 14.9 gallons per ton plus or minus 
3.63 percent). Analytical results are shown in 
Table 1. 
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TABLE 1 

ANALYSES OF REFERENCE SHALES 

Mahogany Zone New Albany Shale 
Exxon Colony Mine Clegg Creek Member Tipton Shale 

Test Parachute, CO Louisville, KY Rock Springs, WY 

Mass Balance Assay (5 Samples): 
Gas Lb/I 74.6 61.0 43.0 
Water Lb/T 27.9 27.0 59.2 
Oil GPT 27.8 15.0 22.5 

Fischer Assay (10 Sarrples): 
Oil OPT 27.3 14.9 22.8 

Chemical Analysis	 (5 Samples): 
-60 Mesh Moisture 0.05 0.62 0.76 
Dry Ash 66.7 78.34 72.4 
Dry Volatile Matter 35.4 14.97 29.2 
Total Carbon 17.8 13.96 14.6 
Mineral Carbon 4.76 0.31 3.16 
Hydrogen 1.98 1.59 1.53 
Nitrogen 0.67 0.52 0.63 
Total Sulfur 1.20 5.57 0.27 
Pyrite Sulfur 1.04 5.20 0.23 
Sulfide Sulfur <0.005 <0.005 Nil 
Organic Sulfur 0.13 0.32 0.04 
Sulfate Sulfur 0.03 0.05 Nil

New Albany Shale -- Kentucky 

The New Albany shale was acquired October 16, 1986 
from Knieriem's Quarry located 0.8 miles south of 
the north line of Bullitt County, Kentucky and at 
the south end of Barricks Road. The quarry is 
about 16 miles south of the Ohio River at Louisville, 
Kentucky. 

Approximately 50 feet of the upper part of the New 
Albany Shale is exposed in the quarry. It Is over-
lain by the New Providence Member of the Borden 
Formation which is removed as overburden before the 
New Albany is quarried. 

The New Albany Shale is classed as Upper and 
Middle Devonian; the Borden is Mississippian. The 
New Albany has been subdivided by workers in In-
diana into five members; the uppermost, named the 
Clegg Creek Member, can be identified at this loca-
tion as a result of core drilling by the Kentucky 
Geological Survey near the quarry. The Clegg Creek 
Is about 25 feet thick and is the most organic and 
radioactive shale exposed in the quarry. The upper 
20 feet of Clegg Creek, which was sampled, Is a 
black to brownish-black, pyritic shale, massive and 
dense in fresh exposures. 

Mahogany Shale -- Colorado 

The Exxon Colony Mine reference shale was obtained 
September 10, 1986. The shale was taken from the 
Mahogany zone ledge of the Parachute Creek Member 
which is a subdivision of the Green River Formation.

The Parachute Creek Member is subdivided Into a 
variety of units and zones on the basis of widely 
recognizable vertical variations in oil shale grade. 
Most frequently mentioned of these units are the 
A-Groove, Mahogany Ledge, and the B-Groove. These 
grooves delineate the upper and lower boundaries of 
the rich Mahogany Ledge. This interval includes the 
thickest sequence of rich oil shale in the Piceance 
Creek and other Green River basins. The reference 
shale was taken from a 2.5 foot interval ap-
proximately 25 feet below the Mahogany Marker. 

Tipton Shale -- Wyoming 

The Tipton shale bulk sample was mined from an 
outcrop located about 500 feet north of Interstate 
Highway 80 and four miles west of Rock Springs, 
Wyoming on July 9, 1987. 

The Tipton Member is the first widespread unit of 
the Green River Formation. It consists almost en-
tirely of oil shale with several thin persistent beds 
of altered tuff. Its base Is marked almost 
everywhere by a thin limestone containing abundant 
fossil mollusks and ostracodes. Stratigraphically, the 
Tipton Member underlies the Wilkins Peak Member 
and overlies the Wasatch Formation. 

The bulk sample was extracted from a nine to 
10 foot interval that commenced immediately above 
a marker designated In a project report of the 
United States Bureau of Mines as the "M" bed. The 
"M" bed is located approximately 35 feet below the 
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contact between the top of the Tipton Member and 
the overlying Wilkins Peak Member. 

Future Work 

A new Eastern shale will	 be acquired from an out-
crop of New Albany Shale in southern Indiana during 
the	 fourth	 quarter of	 1988. The inactive	 White 
River Oil	 Shale	 Mine in Eastern Utah is	 a	 potential 
source	 for	 the	 next Western reference	 shale	 which 
will be acquired in	 1989.

The Indiana New Albany Shale site is located on a 
bench situated at the top of the Clegg Creek Mem-
ber. Oil yield at the privately-owned site was 
verified by analysis of a core taken by the Indiana 
Geological Survey for the program in May 1988. 
The average oil yield for the 23 foot long core 
(23 samples) was 15.0 plus or minus 2.15 gallons per 
ton. Bulk sampling will involve drilling and blasting, 
followed by site excavation from the horizontal 
bench. 

Permission has been granted by the Bureau of Land 
Management to obtain a Western reference shale 
from the former site of the White River Mine (U-a; 
U-b tract) in northeastern Utah. 

EXXON PATENTS SHALE Off. DEDUSTING PROCESS 

United States Patent Number 4,705,622, issued to 
Siskin at al., and assigned to Exxon Research and 
Engineering Company is titled "Process for Dedusting 
Shale OIL" 

Disclosed is a process for removing entrained mineral 
matter particles from shale oil by contacting the 
shale oil with an aqueous ammonium or phosphonium 
salt solution having a pH of 0.5 to eight and at a 
temperature of 0 0 C to 100 0 C. 

The patent notes that during conversion of oil shale 
to liquid products, a significant amount of the 
mineral matter present in the oil shale becomes 
entrained as fine particles in the resulting shale oil. 
The fine particles will usually have an average par-
ticle size less than about 10 microns. Particles 
larger than that will normally flocculate and, conse-
quently, can easily be separated by conventional, 
physical separation techniques. These fine mineral 
matter particles are usually present In an amount 
from about two to 30 weight percent, and are un-
desirable because they are not compatible with sub-
sequent downstream processing. For example, in 
subsequent hydrotreating, these entrained fine par-
ticles have a tendency to poison the catalyst and to 
clog the reactor bed when present at levels greater 
than about 500 parts per million. 

Various techniques have been used in an attempt to 
lower the levels of these particles. Such techniques 
include electrostatic precipitation, 	 ultra -filtration,

and centrifugation. While these techniques have met 
with varying degrees of success, they all suffer from 
technical and/or economical disadvantages. For ex-
ample, electrostatic precipitation requires numerous 
stages and is highly dependent on the age of the 
oil.	 That is, it will generally be effective for 
freshly produced oil, but may not be for oil more 
than a few hours old.	 Ultrafiltration is very slow 
and requires constant cleaning and replacement of 
filters. Centrifugation, because of the large volume 
of oil, requires numerous vessels and constant main-
tenance because of mechanical problems. 

Summary of the Invention 

The invention, is a process for removing entrained 
solids from shale oil, which process comprises con-
tacting the shale oil with an effective amount of an 
aqueous ammonium or phosphonium salt solution, 
having a pH in the range of about 0.5 to eight, and 
at a temperature at which both the oil and the 
aqueous phase remain liquid. 

In preferred embodiments of the invention, the solu-
tion is an ammonium salt solution having a pit be-
tween about five and seven. 

In other preferred embodiments of the invention, the 
temperature is between about 30 0 C and 1000 C and 
the mole ratio of ammonium salt to entrained solids 
is from about 1:1 to 1:10. 

Although the invention is said to apply to any type 
of shale oil, it is more advantageous with oil result-
ing from an oil shale having a high carbonate and 
clay mineral matter content. 

Ammonium and phosphonlurn salts suitable for use are 
the salts of organic and inorganic acids which 
provide an aqueous solution having a pll no greater 
than about eight. Preferred are the salts of strong 
mineral acids. Examples of such ammonium salts in-
clude ammonium acetate, ammonium chloride, am-
monium nitrate, ammonium sulfate, and ammonium 
phosphates. Ammonium sulfate is preferred. 

An effective amount of salt solution needed will 
vary depending on the mineral matter to be 
removed. For example, if the mineral matter is 
clay, a salt solution at least slightly in excess to 
the cation exchange capacity of the clay should be 
used. If the mineral matter is quartz, then some 
ammonium Ion will neutralize the negative charge on 
the surface of the crystallites and facilitate ag-
glomeration and separation of the larger quartz par-
ticles. 

Organic solvents immiscible with water can be used 
to reduce the viscosity of the shale oil. Examples 
include toluene, heptane, UrIC streams, cyclohexane, 
petroleum and coal-derived distillates, and boiling 
point fractions of shale oil. 

The shale oil is contacted with the aqueous am-
monium or phosphonium solution in one stage, or in 
two or more stages, as long as the pit of each 
stage Is no greater than about eight.	 At pit's 
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solids on the bottom of the flask. The flask which 
did not contain the ammonium sulfate was observed 
to have a colorless aqueous layer without a solids 
precipitate. 

greater than about eight emulsions are formed which 
make subsequent separation of shale oil product dif-
ficult. 

After a predetermined amount of entrained particles 
are removed from the shale oil, a three phase sys- 
tern results. That is, there will be an upper organic 
(oil) phase, a middle aqueous phase, and a lower 
solids phase. The aqueous phase can be 
reconstituted with fresh ammonium or phosphonium 
salt, then recycled. The upper phase Is comprised 
of the shale oil and solvent, if present, and contains 
a substantially reduced concentration of entrained 
mineral matter. 

As an example, two samples of Colorado shale oil, 
containing 5.1 weight percent entrained mineral mat-
ter were each introduced into separate reaction 
flasks. One flask contained 100 milliliters of a 211 
ammonium sulfate solution, and the other flask con-
tained 100 milliliters of distilled water. They were 
stirred under nitrogen at a temperature of 67 0 C. 
The flash which contained the ammonium sulfate 
solution, produced a three-layer system, that is, an 
organic layer, an aqueous layer, and a layer of

The results are summarized in Table 1. The data 
show that reaction with aqueous ammonium sulfate 
at 670 C, for 30 minutes, at atmospheric pressure, 
removes 93 percent of the fines in the oil 
(5.1 weight percent down to 0.36 weight percent). 
A second 30 minute treatment resulted in additional 
removal of fines, yielding a cumulative removal of 
98 percent of the original fines. 

Other data illustrate that elevated temperatures im-
prove the removal of fines from shale oil with a 
maximum removal at 94° C, for a single stage 
process. 

Other examples show that increased amounts of 
entrained mineral matter can be removed as the 
concentration of ammonium sulfate solution is in-
creased. Also, with added stages, more than a total 
of 99 percent of the fines was removed from the 
original shale oil. 

TABLE 1

SHALE OIL DflXJSTIM3 RESULTS 

Oil 
Carbon Ash 

Ash Residue Removed 
Reagent T(Min.) (Wt. %) (wt. %) (Wt. %) 

- - 5.1 1.7 
1120	 . 30 No Reaction 
(4)2SO4 15 1.0 1.5 80 
(NH4 ) 2 SO4 30 0.36 2.0 93 
(NH4)2SO4 30 0.11 0.8 98
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INTERNATIONAL 

BRAZIL'S PraOBRAS TO TEST ISRAELI SHALE 

As part of its technology sales business, Petrobras 
has signed a six-month service contract with Israel's 
state-owned firm Pama to assess the applicability of 
the Petrosix Process for oil shale retorting in Israel. 

Petrosix was chosen from various other processes be-
cause	 Pama	 considers	 It to	 be the	 most advanced 
and	 field-tested	 process in	 the Western World	 as 
well	 as	 being reliable	 and relatively	 easy to	 imple-
ment.

A Pama representative stated, "Our company intends 
to exploit oil shale in two ways: direct combustion 
to generate steam and power; and retorting to yield 
oil from shale.	 We believe our industrial oil shale 
unit should employ all raw materials: crude shale 
rock, as well as fines. We are developing our own 
technology for retorting in a fluidized bed and we 
are seeking a process to retort coarse particles. 
So, we think the Petrosix Process is the most 
suitable. Assuming that ongoing tests by Petrobras 
are successful, the technology will fit perfectly if 
we can generate enough power to heat the recycle 
gas." 

Only preliminary results are known at this point, 
but they are promising and it appears that Israeli 
shale can be retorted by the Petrosix Process. 

Petrobras says it is completely prepared to make any 
kind of oil shale assessment anywhere in the world. 
It can license the use of the Petrosix Process as 
well as its proprietary equipment. In Parana, a 
state in southern Brazil, Petrobras has complete 
facilities for oil shale retorting such as a pilot 
plant,	 laboratory,	 demonstration plant, 	 semi-



commercial plant and industrial plant (currently under 
construction). A team of technicians specialized in 
oil shale retorting is ready to answer inquiries from 
interested parties abroad. 

Other services Petrobras can provide in foreign oil 
shale exploration and exploitation range from 
geologic research and mining to budget and 
feasibility studies. Included in these services are 
technical assistance for design, fabrication, erection, 
commissioning, operations, follow-up and operational 
assessment of plants for producing oil and gas from 
shale. 

PRODUCTION OF SPECIALTY CHEMICALS FROM SHALE 
Oil. CONTINUES IN USSR 

According to an article by V. M. Yefimov and others 
at the Oil Shale Research Institute In Kohtla-Jarve, 
Estonia, thermal processing of oil shale (kukersite) in

the USSR was until recently characterized by the 
use of a number of retorts and processing schemes 
(gas generators,	 tunnel ovens,	 horizontal rotary 
retorts, chamber ovens). 	 Nowadays, however, lump
shale is processed to yield shale oil in gas-producer 
retorts. Over more than 60 years of development, 
the capacity of the latter has increased from 33 to 
1,000 tons per day. Difficulties encountered due to 
agglomeration of kukerslte upon slow heating were 
overcome by using gas generators with crosscurrent 
flow for the heat carrier gas In the retorting zone. 
At present commercial tests are under way to 
develop a novel gas generator design incorporating a 
circular retorting chamber. Units with a daily 
throughput of 1,500 tons are being designed using 
this concept (see Pace Synthetic Fuels Report, June 
1988, page 2-22). 

Gas generators produce low-sulfur, low-pour-point oil 
with a high concentration of oxygen compounds 
(phenols and neutral oxygen compounds). Until the 
lOSOs it was mostly marketed as a boiler fuel. 
With conventional oil becoming more available, shale 
oil refining was reorganized to produce mainly non-
fuel and chemical products, such as carbon electrode 
coke, road oil, construction mastic, as well as 
products specific to kukersite oil and phenols 
(impregnating oil, soil conditioners, epoxy and other 
adhesive resins, tanning agents, rubber softeners and 
modifiers, etc.). 

Substitute natural gas (city gas) from oil shales was 
produced in the post war period. By 1948 oil shale 
gas was supplied to Leningrad and later to Tallin. 
For these years, construction of chamber stoves 
brought a dramatic Increase in the volume of oil 
shale	 production	 at	 the	 industrial	 complex 
"Siantsechem" and at the plant "Slantsiu." The 
pro-war output of slightly more than one million 
tons of oil shale per year was increased by 1965 to 
7.7 million tons per year, while the output of city 
gas increased to one billion cubic meters per year. 
Later on, because of widespread use of natural gas, 
the importance of oil shale gas began to decrease 
rapidly. In 1987 the use of chamber stoves for this 
purpose was discontinued. 

Construction of a gas generator of 1,000 ton daily 
capacity with shale oil output equal to 17 percent 
(the "Kiviter" process) was completed at Slantsechem 
at the end of 1980, another two gas generators 
were constructed at the end of 1986. They are put 
on the open ground, the outer diameter of cylindric 
retort is of nine meters, and the height is 21 
meters. 

Improvement of the semi-coking technique continues. 
A new construction--a gas generator with a ring 
shaped chamber for semi-coking--is being tested. 
Designing for 1,500 tons oil shale daily has been 
started, the construction should be completed by 
1991-1992. 
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The problem of using the small oil shale particles as 
a raw material still remains unsolved. The industrial 
exploitation of the method of semi-coking of small 
(lump) oil shale with solid heat transfer carrier has 
been difficult. Built In 1980-1981, the Estonia ORES 
(hydro-electric power station), complex of two 
Galoter retorts (UTF-3000), each of 3,000 ton daily 
capacity, has not yet been working to full capacity 

Thus the gas generator still remains the only reliable 
system for obtaining shale oil. Because of specific 
features of the gas generator process, this shale oil 
Is almost free of benzene fraction and boils at 
200-250° C. The kukersite shale oil is characterized 
by a high concentration of oxygen compounds 
(phenols and neutral oxygen compounds); there may 
be up to eight percent oxygen In the high tempera-
ture boiling fractions. The other heteroatoms are 
less important, sulfur is 0.7-0.8 percent and nitrogen 
is less than 0.2 percent. The hydrocarbons, mainly 
mono	 and	 multi-nuclear	 alkyl	 aromatics	 are
40 percent of the shale oil. Paraffin-naphthenlc and 
olefinic hydrocarbons are negligible. 

In the first period of industrial processing of the 
Baltic oil shales, the shale oil was used largely as a 
low-sulfur liquid boiler fuel. After the fungicide 
features of kukersite shale oil were discovered, the 
raw middle and heavy fractions became partly used 
as antiseptics for wood products such as railroad 
ties (so-called "sleeper saturating oil"). Such 
products as oil shale road bitumen, shale oil anti-
dust emulsion for dirt roads and others have been 
produced for local needs. 

This structure of oil shale production remained until 
the fifties, when the oil shale industry was 
reoriented to nonfuel products because of rapid 
development of oil processing. In 1963-1964 the in-
dustrial technology of oil shale processing for as-
sorted products was put into operation at Kohtla-
Jarve. First the shale oil is refined from mechani-
cal admixtures and chlorides by water wash and set-
tling in thermo-settlers, and then it Is subjected to 
rectification. By use of the distillate fraction from 
230_360 0 C, an increased fungitoxic oil is produced 
for soaking wood, and this output satisfies about 
half the country's needs in oil antiseptics. Oil shale 
fuel oil is produced only in the case of a surplus 
and it is no longer a main product of the oil shale 
processing industry. 

Obtaining water soluble phenols, mainly alkyl deriva-
tives of resorcinol (5-methylresorcinol and others) is 
of special importance in kukersite shale oil process-
ing. They are extracted from the shale oil both 
while the shale oil contacts water, as in the con-
densation system, and in the processes of shale oil 
preparation and washing of the 230-320 0 C distillate 
fraction.	 Yield is up to 2.5 percent of the whole 
shale oil. Phenols are rectified under vacuum with 
the output of alkyl-resorcinols used for synthesis of 
epoxide and other glue shale oils, synthetic tanning 
compounds, shale oils for the tire industry. There is

25-30 percent of 5-methylresorcinol in the water 
soluble phenols. It is extracted as a crystal con-
centrate for synthesis of shale oil modifiers and 
other products. Experiments with the oil soluble 
phenols had no success because of complex and un-
stable chemical composition of these phenols that 
does not allow them to be used for synthesis of 
chemical products of a high quality (glue etc.). 

The residium of shale oil distillation is coked in 
stills to make electrodes and graphitic goods. About 
60 percent of light distillate with a relatively high 
percent of water soluble alkyl-resorcinots (three to 
four percent) is produced in the process of coking. 
Thus by use of the middle fractions of coker distil-
late, the output of oil for wood soaking can be in-
creased up to 45 percent of the generator shale oil. 

Besides this scheme, a part of shale oil is processed 
without coking, producing such specific shale oil 
products as the chemical-reclamation preparation 
"Nerozin", a lacquer 'Kukersol", roofing and other 
mastics, resin emollients, founding astringents, road 
oils and other products. Nerozin is said to have 
been used in the cleanup of the Chernyobyl nuclear 
disaster. 

An industrial complex for electrode coke production 
has been built up in the town Slantziu. The addi-
tional processes of centrifugation of the heavy shale 
oil and two-stage counterflow washing of all shale 
oil are used to improve refining and obtain electrode 
coke with ash only of 0.3-0.4 percent. The two-
stage counterfiow technology is also used for wash-
ing of distillate fractions. The new system includes 
the process of delayed-action coking in nonheating 
chambers (like the process widely used in the oil in-
dustry) instead of batch stills. 

For the further improvement of this technology, the 
full use of distillate shale oil fractions, especially 
middle ones, is of great interest along with deeper 
extraction of alkyl-resorcinois and wider application 
of the latter. Research recently conducted by the 
scientists in Leningrad, Tallin, and Kohtla-Jarve con-
firmed that the composition of the middle fractions 
is extremely complex, and even their separation into 
chemical groups is a matter of some difficulty. At 
the same time, the research showed a high reaction 
capability of the middle fractions conditioned by the 
high content of functional groups and unsaturated 
bonds, their interesting physical-chemical characteris-
tics such as high polarity, anti-corrosion, surface 
activity and other features. 

Thus the authors suggest looking for new fields of 
applications for kukersite shale oil using not so 
much its chemical, as the physical-chemical charac-
teristics. Research on obtaining fuel additives, 
anti-corrosives, rust -preservatives, greases and other 
products are now being conducted. 

II 
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JORDAN TO POSTPONE 0fl. SHALE DEVELOPMENT FOR 
FIVE YEARS 

The Natural Resources Authority (N.R.A.) of Jordan 
has been considering both the retorting of oil shale 
and the direct combustion of oil shale for power 
generation. In the N.R.A.'s view the retorting of 
the oil shale for the extraction of shale oil involves 
technology which is presently at the embryonic stage 
of development. Therefore, in order to reduce the 
risk associated with the construction of a pilot 
demonstration retorting scheme in Jordan, the N.R.A. 
is proceeding slowly and cautiously in order to capi-
talize on the experience and results obtained from 
operating similar plants currently under construction. 

By contrast, the generation of electricity by direct 
combustion involves a relatively simple technology 
for which relevant industrial experience is readily 
available. However, to date, all experiments con-
corned with the generation of electricity by direct 
combustion have provided at the best, marginal 
results when compared to the cost of generating 
electricity by burning fuel oil or coal. 

Therefore, from a purely risk-aversion point of view 
and given the unproven nature of the presently-
known technology, the N.R.A. says it is postponing 
for at least five years its plans to build commercial 
size plants for either retorting or power generation 
and is concentrating its resources in undertaking 
feasibility studies and the construction of prototype 
models before moving to the full scale commercial 
stage. 

Selection of Tedmology, 

The proposed Lurgi retorting process has a relatively 
acceptable energy efficiency. However, this technol-
ogy has been running on oil shale only at a small 
scale. If the N.R.A. should decide to go ahead with 
the construction of a 1,000 barrel per day 
demonstration plant, Jordan will be taking a high 
risk with such a step. 

The direct combustion option involves two tech-
nologies: conventional and fluidized bed combustion. 
However, both technologies have not been tested 
sufficiently in commercial size plants. Therefore, a 
step-wise strategy has been adopted involving 
detailed assessment of technologies worldwide, then 
the construction of a pilot plant demonstration based 
on whichever technology is judged more appropriate 
for Jordanian oil shales. In order to reduce the 
risk and cost involved in testing the technology 
selected, the Natural Resources Authority is trying 
to finance a large proportion of the cost of studies 
and pilot plant testing through bilateral aid or joint 
venture. The N.R.A. believes that costly research 
for such technology development should be ac-
complished by developed countries. 

Time Horizon fair the Development of Oil Shale 

In view of the existing power generating capacities 
In Jordan, there is no urgency for accelerating the 
development of power generation from oil shale until

the economic viability of retorting and direct com-
bustion have been fully evaluated. Therefore, the 
Authority says the schedule will be modified so as 
to plan for the construction of a demonstration 
plant and the commissioning of the first commercial 
plant, if any, not earlier than the year 2000. 

Work Program 

A possible work program for the next ten years will 
involve the following tasks: 

- Geological assessment of the known near-
surface oil shale deposits In Jordan 

- Evaluation of the water resources at the in-
vestigated areas 

- Review of existing technologies in order to 
determine the most appropriate one 

- Feasibility study on mine and plants 

- Engineering design and bidding documents 

- Construction of demonstration plants and mine 

MAOMING RETORTING IMPROVEMENTS UNDER WAY 

At the international Conference on Oil Shale and 
Shale On, held in Beijing, China In May, a presenta-
tion by L. Yihe of the Maoming Petroleum Industrial 
Corporation (SINOPEC) described the history and 
status of oil shale retorting technology at Maoming. 
The present facility consists of two batteries with a 
total of 48 rectangular gas combustion retorts and 
two batteries with a total of 64 cylindrical retorts. 

The proven oil shale reserves in the Maoming area 
have a shale oil equivalent of several hundred mil-
lion tons. The oil shale has a high moisture content 
and low Fischer Assay. F.Iaomlng Petroleum Industrial 
Corporation began research and development on 
various retorts in the mid-fifties. An internal-
heating cylindrical retort (Maoming cylindrical retort) 
of 180 tons per day throughput and related shale oil 
processing equipment was built up In early 1958. A 
rectangular gas combustion retort of 96 tons per day 
throughput (Maomlng rectangular retort) was built up 
in late 1958. Another rectangular gas combustion 
retort of 180 tons per day throughput (Maoming rec-
tangular retort), and a jalouise-type retort were 
built up in November 1959.	 These retorts were 
tested over a period of four years.	 The oil yield
(against Fischer Assay) of the Maoming cylindrical 
retort,	 and	 the	 rectangular	 retort	 reached
74 percent, and 85 percent respectively. 

Based on the date from the test retorts, two bat-
teries containing 48 rectangular gas combustion 
retorts with a total production capacity of 
100,000 tons of shale oil per year and an open pit 
mine for oil shale production were established in the 
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early sixties. In the late sixties and early seventies 
two batteries containing 64 cylindrical retorts with a 
production capacity of an additional 100,000 tons of 
shale oil per year and required oil shale mine were 
added. 

Commercial Scale Retorting Plants in Maoming 

Maoming Rectangular Retort 

The structure of the rectangular retort is shown in 
Figure 1. After crushing and screening, oil shale of 
lump size 15-75 millimeters Is transported by a belt 
conveyor to the shale bin at the top of the retort, 
and then fed Into the retort by a charger. Oil 
shale is redistributed on passing an archway. Drying

and retorting of oil shale take place In the pyrolysis 
section with heat transfer between oil shale and hot 
carrier gas from the gas combustion section. 
Retorted shale char descends to the gas combustion 
section,	 where gasification of shale char with 
preheated gas and air takes place. 	 The heat
released in gasification raises the temperature to 
about 1,0000 C. Shale ash is cooled by incoming 
cold gas in the cooling section to lower than 
300 0 C and then pushed out Into the ash trough, 
where it is further cooled by water to about 70 0 C 
and discharged by a scraper. 

An excess of cold gas Is introduced Into the retort 
to keep the combustion temperature in the gas com-
bustion section lower than the fusion point of shale 
ash, thus preventing sintering of shale char. 

The gaseous product from the retort is drawn Into a 
gathering pipe at 90-100 0 C, and spray-cooled by 
recycling dilute ammonia water. The entrained dust 
is removed and a large part of the shale oil is con-
densed.	 The gas temperature is lowered to 
72-77 0 C alter spray washing. The gas is further 
cooled by recycling water in scrubber pipes and 
some more shale oil is recovered. Then ammonia is 
recovered In an ammonia absorber. The gas passes 
through a cooling tower for condensation of oil 
vapor and is cooled to about 45 0 C. Then the gas 
passes to an exhauster. Most of the gas is sent 
back to retort as combustion gas and cooling gas. 
The balance is vented to atmosphere through a 
stack. 

The throughput of one rectangular retort is 
160-200 tons per day (of wet oil shale) with a cross 
sectional intensity of 400-500 kilograms per square 
meter per hour. The oil yield is approximately 
50 kilograms per ton of shale. 

Shale oil produced in the Maorrdng rectangular retort 
is a brownish-black paste at room temperature, with 
a pungent odor.	 It is classed as a paraffinic oil, 
with more paraffin and less asphalt. 	 The oil
properties are listed in Table 1. 

Maoming Cylindrical Retort 

The Maomlng cylindrical retort was developed on the 
basis of the Fushun-type retort, with an external 
mixing chamber in the middle for circumferential gas 
Intake (Figure 2). 

Pyrolysis and gasification take place in the same 
retort. Shale char after pyrolysis goes to gasifica-
tion, and the sensible heat of gasification gas 
provides for the part of heat required in pyrolysis. 
The remaining heat comes from the hot recycle gas, 
which is the gas produced in the retort itself, 
heated to 600-650 0 C in a regenerative heater. Hot 
recycle gas enters the retort from the middle, mixed 
with the gas from the gasification section to ex-
change heat with down-moving oil shale. 	 Drying,
preheating and pyrolysis of oil shale take place in 
the upper pyrolysis section. 	 Pyrolysis comes to
completion as shale descends to the central arch at 
600 0 C.	 Oil vapor is drawn out the top of the 
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TABLE 1 

rtMflhtC SHALE OIL PROPERTIES
(Rectangular Retort) 

Specific Gravity, D 20 4 0.9278 
Solidification Point, 	 °C 32 
iCinntic Viscosity, Centistokes 50 0 C 10.1 
Engler Distillation,	 °C 

IBP 219 
10% 273 
20% 296 
30% 321 
40% 342 
50% 362 

Elemental Analysts 
C % 84.18 
U % 11.54 
S% 0.50 

1.08 
0% 2.70 
C/il 7.29 

retort along with the heat carrier gas.	 As shale 
char moves downward into the gasification section, 
the	 reaction	 temperature can	 be	 as high as 
1,000 0	 C.	 The	 air	 blast is	 humidified to	 control 
this temperature below the fusion point of shale ash. 
Humidification	 is	 achieved by	 passing	 the air blast 
through	 a	 saturator	 in	 contact with	 hot water and 
additional steam supply.

The moisture content of Maoming oil shale is 
12-24 percent, averaging 17 percent. The moisture 
evaporated increases the amount of heat carrier gas 
accordingly. An external mixing chamber is designed 
to lower the pressure drop due to excessively high 
flow resistance. 

Disintegration of Maoming oil shale during retorting 
causes smaller voids among the shale lumps and in 
turn higher resistance to gas flow. Channeling 
through the space between retort wall and shale 
charge may result in uneven distribution of gas flow. 
Therefore many gas intake holes are provided on the 
three legs of the arch in the middle section of the 
retort, to enable more or less even flow of the 
heat carrier gas. 

The condensation and oil recovery system for Maom-
ing cylindrical retorts are somewhat similar to that 
for the rectangular retorts. 

The gaseous product is drawn from the retort at 
about 1000 C into the gathering pipe, where it is 
spray-washed and cooled to 73760 C by recycling 
dilute ammonia water to remove dust and condense 
pan of the shale oil. Some ammonia water, shale 
oil and shale dust turn into oil sludge and is 
separated in the sedimentation tank. 

The gas after ammonia recovery passes through a 
final cooler, where it is spray washed and cooled to

FIGURE 2 

MAOMING CYLINDRICAL RETORT 

45-500 C. Part of shale oil is recovered in the 
final cooler. About 77 percent of the gas is heated 
in a regenerative heater and serves as heat carrier 
for retorting, the remaining gas is used as heater 
and boiler fuel. 

Throughput Is 135-155 tons (wet) per day per retort, 
with a yield of 40-45 kilograms of shale oil per ton 
(60-65 percent of Fischer Assay). The cross sec-
tional intensity is 638 kilograms per square meter 
per hour. 

As compared with the shale oil produced In the 
llaoming rectangular retorts, the shale oil from the 
cylindrical retorts has a lower specific gravity and 
lower solidification point. Its properties are llst:d 
in Table 2. 
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TABLE 2 

M40W1C SHALE OIL PROPERTIES
(Cylindrical Retort) 

Specific Gravity, D 20 4 0.9122 
Solidification Point,	 °C 30 
Kinematic Viscosity, Centistokes 50 0 C 9.6 
Paraffin Content, % 13.2 
Asphalt Content, % 1.54 
Girn (Sulfuric Acid), % 43 
Carbon Residue, % 2.2 
Tar Acid, % (Vol) 2.8 
Engler Distillation, 	 °C 

lAP 214 
10% 259 
2096 283 
30% 306 
40% 330 
50% 350 

Elemental Analysis 
C 96 84.82 
H % 11.40 
5% 0.48 
N% 1.10 
0% 2.20 
C/u 7.40

Advances have been made in the research and 
development of oil shale retorting technology at 
Maoming during the 30 years since 1958. However, 
SINOPEC notes that there are some weak points with 
regard to cross section intensity and oil yield as 
compared with the world state-of-the-art technology. 
A study for upgrading retorting technology Is now 
under way in a newly-built experimental cylindrical 
retort.	 Modifications Include the addition of a 
pre-drying facility.	 The oil shale charge Is to be
dried before entering the retort. 

Also, the gas alter the final cooler will all be used 
for recycling to supply the retorting demand to the

greatest possible extent. 	 Thus the burning loss of 
shale oil into the retort will be minimized. 

Finally, improvements will be made to the 
condensation-recovery system. From the analysis of 
shale ash from the cylindrical retort, almost no oil 
can be found in the ash. Thus shale oil loss must 
be ascribed to gas inclusion, emulsified oil and oil 
sludge, in addition to burning in the retort. Im-
provement of condensation-recovery system is ex-
pected to contribute to raising the oil yield. 
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ENVIRONMENT 

ELECTROCOAGULATION TREATS OH. SHALE 
WASTEWATERS 

An electrocoagulation process for treating oil shale 
wastewaters was revealed by R. Bank of Western 
Research Institute (WRI) at the American institute of 
Chemical Engineers meeting in Denver, Colorado, 
August 23, 1988. 

Producing oil shale by some processes produces large 
amounts of wastewaters. These wastewaters can be 
treated and then discharged or stored, or if water 
Is scarce, they may be reused. Since these was-
tewaters usually contain complex mixtures of toxic 
organic and inorganic compounds, treatment cost can 
be high and the processes complex. The purpose of 
the Will work was to determine if oil shale process-
ing wastewaters could be inexpensively electrocoagu-
lated to produce a water suitable for reuse, dis-
charge, or storage. 	 Treatment objectives included 
the following: 

- Remove total suspended solids (TSS) to less 
than 10 milligrams per liter. 

- Remove hardness (calcium and magnesium) and 
silica for possible cooling tower or boiler 
use. 

- Remove toxic materials including heavy met-
als and organics. 

The treatment process is the CURE Process, 
developed by Clean-Up and Recovery Corporation, 
Aurora, Colorado. This eleetrocoagulation process 
uses electrical current to force negatively and posi-
tively charged particles and ions together to form a 
precipitate. This destabilization takes place in less 
than 20 seconds as the wastewater is pumped 
through the CURE unit.

Three oil shale processing wastewaters were selected 
for treatment. These waters were pumped through 
various CURE treatment units; then the precipitate 
was allowed to settle, and the wastewater super-
natant was sampled and submitted for analysis. 

The retorting processes and the materials used to 
generate the wastewaters for this study are listed in 
Table 1. 

The removal of total organic carbon (TOC) from 
these wastewaters varied from nine percent to 
36.5 percent (Tables 2 and 3). Most of the organic 
carbon removed was dissolved (filtered through 
0.45-micron pore diameter paper). Parallel tests in-
dicated that organic matter can also be removed 
from these wastewaters by using high concentrations 
of alum (Table 3). 

The data indicate that the elcctrocoagulation process 
tends to remove more organophilic compounds than 
hydrophilic compounds. In one example, the 
electrocoagulation process removed 26 percent of the 
organophilic organic carbon but only 14 percent of 
the hydrophilic organic carbon. The organophilic 
portion is that extractable in methylene chloride, 
and the hydrophilic portion is that organic carbon 
not extracted in the methylene chloride phase. 

The retention time of the CURE unit can be varied 
from one to 20 seconds. The operating cost (power 
and materials) of the process, based on power at 
five cents per kilowatt hour, is 10 cents per 
1,000 gallons to 25 cents per 1,000 gallons, depend-
lag on scale-up performance, the type of wastewater 
treated, and the type and amount of material to be 
removed. 

The CURE electrocoagulation process has been shown 
to remove approximately 98 percent of the total 

TABLE 1

SWEllS OF OIL SHALE PROCESS WATERS 

Test Retorting Process Shale Feed Streams 

PPP1O Paraho Western Reference Oxygen, Steam 
TR14 Inclined Fluid Bed Eastern Reference Steam 
581 10-Ton Retort Western Reference Air, Propane
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TABLE 2 

RDXCTIfl4 OF TOTAL ORGANIC CARBON P11(11 011. SHALE
WASTEWATERS BY ELflBOWAGJLAT1G4 

Total Organic Carbon, rrc/L 
Wastewater Raw -	 Treated % Reduction 

PPPIO 1260 1050 17 
TR14 231 154 33 
581 3400 (3270)a 3100 (2690)a 9	 (18)a 

)a filtered through 0.45-micron dinzzeter pore paper 

TABLE 3 

IUC RawrIaJ USIM) PLEC1Q)M]JLAT1a4 VS. 
U14YtFIQ4Aj. WALJIATIcM (PPP1O TEST WATER) 

Treatment	 % Reduction 

Electrocoagulatlon at pH = 4 800 30.5 
Electrocoagulatlon at pH = 7 916 27.3 
Electrocoagulation at pH = 10 1050 16.6 
Alum, 200 rrgfL dosage at pH = 4	 966 23.8 
Alum, 400 ng/L dosage at ph	 = 4	 883 29.9 
Alum, 200 rrgjL dosage at pH = 5	 868 31.1 
Alum, 400 ng/L dosage at pH = 5	 746 40.8 
Alum, 200 rrg/L dosage at ph = 6	 925 26.6 
Alum, 400 n-g/L dosage at pH = 6	 842 33.2

Initial: lDC = 1260 mg/L, pH = 9.2 

Suspended solids and of the oils from different tar 
sand processing wastewaters. Normally, about 
65 percent of the dissolved calcium and magnesium 
and 95 percent to 99 percent of the dissolved silica 
can be removed. The process also removes certain 
compounds toxic to the Microtox organism. 

V 

TRACE ELEMENT PARTITIONING TRACED FOR CONDOR 
AND RUNDLE SHALES 

Work carried out at the CSIRO Division of Fuel 
Technology, Lucas Heights Laboratories, Menai, New 
South Wales, Australia, has illuminated the behavior 
of trace elements during retorting of Condor and 
Rundle oil shales. As reported in Environmental 
Science and Technology, composite oil shale samples 
from the Condor and Rundle deposits in Queensland 
were retorted under Fischer Assay conditions at tem-
peratures ranging from 300 0 to 545 0 C. Trace ele-
ments mobilized to the shale oil and retort water 
were determined at each temperature.

Trace elements in oil shales which are partially mo-
bilized during retorting, can poison catalysts in oil 
refining, and may cause environmental pollution 
problems during processing and waste disposal. 

The Condor and Rundle oil shale deposits in 
Queensland are among the most prospective of the 
major Australian oil shale deposits. 	 For both of 
these oil shales, trace element abundances are 
generally similar to or less than those for a typical 
shale, except for pyritic sulfur, arsenic, and man-
ganese, which are sometimes above normal abun-
dances. 

For both shales, oil evolution commenced at about 
300 0 C and was essentially complete at 5000 C. As 
expected, there were considerable differences In oil 
yield between the oil shales and especially between 
the different ore types from the Rundle deposit. 
Yields of retort water increased with retort tem-
perature up to 545 0 C.	 This was due in part to 
dehydroxylation of kaolinite, which is a major 
mineral component in the oil shales. Gas formation 
also increases progressively at temperatures from 300 
to 5000 C. For Condor oil shale, gas formation was 
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To compare the two oil shales the authors examined 
the partitioning of trace elements by calculating 
element mobility as a percentage of the quantity in 
the feed shale. Thus total mobility (percent) is 
defined as the percentage of the element distributed 
to the product oil and water. Tables 1 and 2 com-
pare the total mobilities found. 	 The mobilities for 

TABLE 2 

further increased at 5450 C due to formation of 
CO 2 from the partial decomposition of siderite. 

In comparison with Green River shale oils, trace ele-
ment concentrations are generally comparable or 
slightly lower for both Condor and Rundle oils. 
Molybdenum, arsenic, and selenium are the elements 
that are lower. Compared with conventional crude 
oils, vanadium and nickel levels are much lower and 
only arsenic concentrations are increased. Accord-
ingly, the trace elements in Condor and Rundle shale 
oils do not appear to pose any particular problems 
with regard to oil refining. Total metal contents 
appear slightly lower than for Green River shale oils 
and much lower than for Julia Creek shale oils.

arsenic, selenium, chlorine, and bromine are high, 
and those for cobalt, nickel, copper, and zinc are 
also significant. The results are similar to those 
obtained for Green River oil shale, except that the 
mobilities for cobalt, nickel, and perhaps selenium 
are lower for Condor and Rundle oil shales. 

The element mobilities to the oil and the water are 
shown separately for retorting at about 500 0 C in 
Table 3. Most elements, with the exception of 
chlorine and bromine, partition mainly to the oil as 
previously observed for Green River oil shales and 
Julia Creek oil shale. Selenium and arsenic partition 
more equally to both the oil and the water, again 
as was found for Green River and Julia Creek oil 
shales. Hence the general partitioning patterns are 
similar for all the oil shales even though the per-
centage mobilities vary from shale to shale. 

Elemental abundance levels in Rundle oils tended to 
Increase with oil shale grade. There are several 
possible explanations for increased trace element 
abundances in the oils from higher grade Rundle oil 

&.flff MOBILITIES AT DIFFERENT RKIt)ffV TEMPERATURES
FOR IUJM)LE OIL SHALES (PF.2cn4r) 

Retort Temperature °C 
eme 300 350 400 450 495 545 

Na 0.008 0.003 0.004 0.005 0.03 0.01 
Cl 0.08 0.4 1.10 1.45 2.86 4.42 
Cr 0.07 0.08 0.11 0.12 0.33 0.57 
Fe - - - - 0.006 - 
Co 0.008 0.007 0.007 0.09 0.14 0.17 
Ni - - 0.034 0.066 0.35 0.34 
Zn 0.03 0.009 0.02 0.30 0.27 0.95 
As 0.43 2.55 4.60 7.75 12.9 9.4 
Se >0.1 >1.0 >1.8 >2.6 >4.8 >3.0 
Br 0.02 0.12 0.25 0.56 0.70 1.31 

TABLE 1 

nIW(F MOBILITIES AT DIFFERENT RETORT


TPA11JRES FOR (flIDOR OIL SHALE (PER(4T) 

Retort Taiçerature, °C 
Element 300 360 400 445 500 545 

Na 0.007 0.01 0.006 0.01 0.018 0.011 
Cl >0.5 >0.22 >0.55 >2.0 >4.0 >2.9 
Fe - - 0.001 0.001 0.003 - 
Co - 0.06 0.02 0.27 0.3 0.9 
Ni - 0.06 0.05 0.28 0.7 0.9 
Cu - - 0.02 0.17 0.28 0.05 
Zn - - 0.01 0.25 0.21 0.02 
As 0.03 0.15 0.70 1.94 2.73 2.50 
Se - - >0.6 >1.5 >2.0 >1.9 
Br 0.06 1.8 1.3 2.8 2.4 4.4
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shales. The authors note that the adsorption and/or 
coking of primary oils onto mineral surfaces can 
readily account for these results. It Is known that 
trace metals In crude oils and shale oils are 
generally concentrated in the heavier oil fractions 
and that these heavier fractions are preferentially 
adsorbed and/or coked on clay mineral surfaces. 
Coking has been shown to reduce metal contents in 
shale oils. Accordingly, the preferential adsorption 
and/or coking of heavy oils during Fischer Assay 
retorting would be expected to result in a reduction 
In trace element levels In the oils. The clay 
minerals montmorillonite and kaolinito, are the major 
minerals present in Rundle oil shales, and it is 
known that their concentrations increase in lower 
grade samples. Thus the lower the grade, the 
greater is the ratio of clay minerals (or clay 
mineral surface area) to oil produced during retort-
ing, the greater Is the likelihood of adsorption 
and/or coking of the primary oil, and the lower 
should be the trace metal contents of the final oil 
product.

TABLE 3 

ELEMENT MOBILITIES TO OILS AND
RETORT WATERS (PlT)

Condor Bundle 
Element Oil Water Oil Water 

Na - 0.018 0.02 0.01 
Cl >1 >4 0.33 2.53 
Cr - 0.06 0.22 0.11 
Fe 0.003 0.0002 0.005 0.001 
Co 0.24 0.06 0.12 0.02 
Ni 0.7 - 0.35 - 
Cu 0.28 0.003 0.54 - 
Zn 0.21 0.002 0.25 0.02 
As 2.3 0.43 10.0 2.9 
Se - >2.1 >2 >2.8 
Br 0.25 2.15 0.15 0.55

REPORT LISTS ACID DANGER FOR LAKES IN OIL 
SHALE REGION 

Dozens of lakes in 19 Colorado counties have been 
listed in a new National Wildlife Federation directory 
as bodies of water that either are acidic or In 
danger of becoming acidic from add rain. 

The two with the worst ratings for Colorado were 
Lake Powell and Spectacle Lakes, both in Rocky 
Mountain National Park. 

Lake Powell was listed with an Acid Neutralizing 
Capability (ANC) of 19.4, far below the ANC level of 
200 at which lakes are considered to be sensitive to 
further acid inputs. It also was less than the 
ANC 100 level below which aquatic life may be en-
dangered. 

AU of the 84 lakes listed in Colorado had pH read-
Ings of 6.0 or above, meaning they are not acid at 
the present time. 

But many showed little tolerance for future inputs 
of acid, with ANC readings as low as the 18.3 level 
measured at Spectacle Lakes. 

The ANC measures the acid-neutralizing abilities of a 
lake, while the pH levels measure the actual acidity 
of the lake water, with readings below 6.0 showing 
moderately acid waters, the federation said. 

Western Slope lakes included on the list are in the 
San Juan, Uncompahgre, White River, Gunnison, 
Roosevelt, Arapaho, Rio Grande and Routt national 
forests. 

Note: For retorting at 495-500 °C
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WATER
'a 

Oil. SHALE COMPANIES FILE WATER RIGHTS AND LIST 
EXPENDITURES 

The Office of the Water Clerk, Colorado Water Divi-
sion No. 5 has reported Applications for Quadrennial 
Finding of Due Diligence for oil shale related water 
rights held by a number of major oil companies. 
These applications list the work carried out by the 
companies over the past four years which they claim 
as proof of diligence in developing an oil shale in-
dustry which would consume the water. 

Chevron and Union, Parachute Creek Reservoir 

Chevron Shale Oil Company and Union Oil Company 
of California filed on the Parachute Creek Reservoir 
in Garfield County. The source of water is 
Parachute Creek and its tributaries, from which 
water will be diverted to the reservoir through 
Chevron's Dragert, Eaton and Pacific No. 1 pumping 
plant and pipeline and through Union's Pumping 
Pipeline facilities. 

The amount decreed	 is	 33,773 acre-feet for	 mining, 
retorting, refining,	 power, municipal, industrial, 
mechanical, domestic	 and	 all purposes for	 which 
water	 may be	 required	 in connection with	 the 
production of oil shale or shale oil and its products. 

Chevron states that during this diligence period, 
Chevron continued various water right management 
activities to support the development of water rights 
associated with its Integrated Water System which 
Includes the Parachute Creek Reservoir water right. 
This work primarily involved computer modeling, 
water rights protection, trade association activities, 
prosecuting a water rights change, and general water 
rights administration activities. 

Costs incurred	 by	 Chevron	 in connection with	 the 
above described	 water	 right management activities 
during this	 diligence	 period, Including	 professional 
fees, membership	 dues	 and	 contributions, and	 in-
house costs	 of	 salaries	 and benefits, were	 ap-
proximately $95,000.

During this diligence period, Chevron continued its 
ongoing hydrological data collection program in the 
Parachute Creek drainage basin In Garfield County. 
Information obtained from this program included sur-
face runoff data and ground water data. This data 
will be used to refine design and operating criteria 
for Parachute Creek Dam and Reservoir. In addition, 
this data will be considered in the design and 
operation of oil shale mining facilities and shale oil 
processing facilities which will put water diverted 
under the Parachute Creek Reservoir right to benefi-
cial use. Costs incurred by Chevron for these data 
collection activities, including professional fees and 
in-house costs of salaries and benefits, were ap-
proximately $61,000.

During this diligence period, Chevron continued the 
development of technical processes which will ul-
timately be used In shale oil operations. This in-
volved pilot plant development work at Chevron 
Research Company's Richmond, California facility and 
the operation of a semi-works project to test 
Chevron's Staged Turbulent Bed (STB) retorting 
process. The semi-works project was a joint effort 
of Chevron and Conoco Shale Oil,	 Inc.	 A
350 ton-per-day mine was operated on Chevron's 
Clear Creek property in Garfield County. The oil 
shale ore was shipped by rail to a Chevron property 
in Salt Lake City, Utah where it was processed in a 
350 ton-per-day	 fully integrated SF8	 retorting 
facility costing $128 million. Costs incurred by 
Chevron in connection with this work during this 
diligence period totaled approximately $13,726,000. 

Since December, 1984, Union has completed its work 
In connection with the United States Army Corps of 
Engineers Section 404 permit that is required for 
construction of the first stage of Parachute Creek 
Reservoir (3,500 acre-feet capacity), and its work in 
connection with the environmental impact statement 
for the project. The 404 permit was issued Novem-
ber 27, 1987. Since December, 1984, Union has in-
curred expenses totaling approximately $167,802 for 
engineering, legal and other consulting services re-
lated to the 404 permit application and the environ-
mental impact statement. In addition, Union paid 
the United States Fish and Wildlife Service $34,500 
In February, 1988, for implementation of conservation 
measures pursuant to the agreement. 

Diversions from the Colorado River through Union's 
Pumping Pipeline (123.5 cubic feet per second ul-
timate capacity) is one of the decreed sources of 
supply for Parachute Creek Reservoir. Union began 
construction on the first stage of the pipeline 
(4.0 cubic feet per second capacity) in 1988. 	 The
Pumping Pipeline ultimately will be a primary source 
of supply for the reservoir. Union has spent ap-
proximately $242,900 during this diligence period for 
actual construction and other costs related to con-
struction of the pipeline. 

Union's expenses during this diligence period for 
legal and engineering services in connection with the 
Water Court cases and other activities related to 
protection and development of Union's water rights, 
including the Parachute Creek Reservoir conditional 
right, have totaled approximately $337,711. 

Finally, Union has continued to operate its Phase i 
(10,000 barrels per day design capacity) Parachute 
Creek Shale Oil Program throughout this diligence 
period. Union's total capital expenditures and 
operating costs for the project during this diligence 
period have been approximately $255,107,000. 
Union's total capital expenditures for the project to 
date exceed $960,000,000. 
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Union also incurred total costs of approximately 
$631,559 for permitting of the proposed Phase U ex-
pansion during this diligence period. 

Chevron's Dragert, Eaton and Pacific Pumping Plants 
and Pipelines 

Chevron Shale Oil Company filed for the following 
structures: 

- Dragert Pumping Plant and Pipeline 

- Eaton Pumping Plant and Pipeline 

- Pacific Oil Company Pipeline and Pumping 
Plant No. 1 

The conditional water right decreed to the Dragert 
Pumping Plant and Pipeline is for the diversion of 
94 cubic feet per second of water from the 
Colorado River, for domestic, power, industrial, mm-
ing, retorting, refining, and purposes and uses neces-
sary and related to the production of shale oil and 
Its byproducts. Storage of water may be in the 
following reservoirs: 

- Roan Creek Reservoir (formerly named Long 
Point Reservoir) 

- Roan Creek Reservoir Enlarged 

- Alternate place of storage on Roan Creek 

The conditional water right decreed to the Eaton 
Pumping Plant and Pipeline is for the diversion of 
too cubic feet per second of water from the 
Colorado River originally decreed for domestic, 
power, industrial, mining, retorting, refining, and 
purposes and uses necessary and related to the 
production of shale oil and its byproducts. 

The conditional water right decreed to the Pacific 
Oil Company Pipeline and Pumping Plant No. 1 is for 
the diversion of 57.25 cubic feet per second of 
water from the Colorado River for the same pur-
poses. 

Chevron states that it intends to divert water avail-
able under the Dragert, Eaton and Pacific No. 1 
water rights through its Integrated Water System for 
beneficial uses In connection with shale oil produc-
tion on its Clear Creek and Parachute Creek 
properties in Western Colorado. In 1977, Getty Oil 
Company, Cities Service Company and Chevron Shale 
Oil Company formed a joint venture, named the CCC 
Joint-Venture, with the purpose of permitting all 
three companies to participate, in common, in ac-
quiring land and in planning, constructing, operating 
and maintaining water diversion, carriage, storage 
and regulating facilities for water available under 
conditional rights held by each company individually. 
Activities performed during this diligence period by 
the joint venture include: 

Development work on the proposed Colorado 
River diversion facility.

- Development work on the proposed Roan 
Creek Reservoir. 

- Development work on the proposed pipeline 
between the diversion facility and reservoir. 

- Acquisition of a Section 404 Permit from the 
United States Army Corps of Engineers in 
May 1985 to construct the 0CC Joint-Venture 
water system. 

- Finalization of environmental reviews required 
to obtain future Bureau of Land Management 
rights-of-way for the proposed CCC Joint-
Venture water system. 

- Acquisition of a conditional use permit from 
Mesa County to construct and operate the 
CCC Joint-Venture water system. 

The cost to Chevron for its share of 0CC Joint-
Venture expenditures plus in-house costs of salaries 
and benefits associated with administration and sup-
port of joint venture activities amounted to ap-
proximately $320,000. 

During this diligence period, Chevron, as operator of 
and majority ownership participant in the CCSOP (a 
joint venture of CSOC and Conoco Shale Oil, Inc.), 
continued efforts to support obtaining certain federal 
permits and environmental clearances required to 
commence construction and operation of the project. 
Excluding environmental/permitting costs incurred 
through its participation in the CCC Joint-Venture, 
costs incurred by Chevron for this effort including 
professional fees and in-house costs of salaries and 
benefits, amounted to approximately $95,000. 

Other costs were listed as under the Parachute 
Creek Reservoir. 

ARGO 

Atlantic Richfield Company filed for the Thompson 
Creek Reservoir and Thompson Creek Pipeline in Pit-
kin County. The source of water is Thompson Creek 
and the decreed amounts are 33 cubic feet per 
second for the pipeline and 23,893 acre feet for the 
reservoir, to be used for municipal, industrial, 
domestic, recreational, irrigation, power, mining, and 
all other purposes and uses necessary and related to 
the production of shale oil and its byproducts, in-
cluding all purposes incident to the maintenance of 
a general camp and community. 

Also filed by ARCO is an application for the Sinclair 
Oil and Gas Company Pumping Plant and Pipeline in 
Garfield County. 

The source is the Colorado River, in the amount of 
33 cubic feet per second, for the same uses as 
enumerated above. 

A third filing by ARCO is for Starkey Gulch Rescr-
voir and South Starkey Gulch Reservoir in Garfield 
County. The sources are Starkey Gulch, tributary to 
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Parachute Creek, tributary to the Colorado River, 
and South Starkey Gulch, tributary to Starkey Gulch. 
The amounts are Starkey Gulch Reservoir: 
7,360 acre feet, and South Starkey Gulch Reservoir: 
5,541 acre feet, to be used for municipal, domestic, 
industrial, and irrigation purposes. 

The Atlantic Richfield Company (ARCO) states that it 
Is the owner of approximately 10,000 acres of oil 
shale lands in Garfield County, Colorado. Starkey 
Gulch Reservoir and South Starkey Gulch Reservoir 
("subject water rights") are conditional water rights 
which were appropriated for the development of oil 
shale properties. 

In order to bring the property further toward 
production, ARCO retained an outside consultant to 
perform an economic evaluation of the oil shale In-
dustry, including analysis of its oil shale properties. 

ARCO also retained consulting engineers to make en-
gineering investigations of the subject water rights. 
Atlantic Richfield Company expended In excess of 
$18,950 on such work. 

Further, the consulting engineer made preliminary in-
vestigation of diversion structures and sites for re-
lated water rights which may be stored in the 
Starkey Gulch and South Starkey Gulch Reservoirs. 
ARCO spent approximately $17,000 on such engineer-
ing work. 

Exxon 

Exxon Company, U.S.A. (Exxon) as operator of the 
Colony Shale Oil Project, made the following filings 
in Garfield County: 

- Dow Pumping Plant and Pipeline. Source in 
Colorado River and Green Mountain Reservoir, 
157 cubic feet per second. 

- Dow Middle Fork Pipeline. Source is the 
Middle Fork of Parachute Creek, 10 cubic 
feet per second. 

- Dow East Middle Fork Pipeline.	 Source Is 
East	 Middle Fork of Parachute Creek,
20 cubic feet per second. 

- Middle Fork Reservoir and First Enlargement. 
Amounts are 171 acre feet and 1,438 acre 
feet. 

- Davis Gulch Reservoir and First Enlargement. 
Source is Davis Gulch, tributary to Parachute 
Creek, with amounts of 204 acre feet and 
996 acre feet. 

- East Middle Fork Reservoir. Source Is East 
Middle Fork of Parachute Creek, 130 acre 
feet. 

- Eaton Pipeline No. 1. Owned 60 percent by 
ARCO and 40 percent by Exxon. Source is 
Colorado River.

- Battlement Mesa Pumping Plant, Pipeline and 
Ditches. Source is Colorado River, 20 cubic 
feet per second. 

Exxon's application states that It is the owner and 
operator of the Colony Shale Oil Project, which Is 
designed to produce approximately 47,000 barrels of 
shale oil per day. The subject water rights are in-
tegral components of the water supply system for 
the Colony Project. 

During the past four years, Exxon has engaged In 
the following specific activities that demonstrate its 
diligence. 

Since 1984, Exxon has spent in excess of $20 million 
on the overall design and construction of the 
project.	 This amount includes the construction of 
access roads, various heavy civil construction 
projects, development of retort processes and im-
plementation of appropriate reclamation measures. 

Exxon expended in excess of $910,000 on design and 
construction work related to the Dow Pumping Plant 
and Pipeline. 

Exxon expended in excess of $3.5 million during the 
diligence period in completing construction of a 
120 foot high concrete dam and reservoir on the 
Middle Fork of Parachute Creek. 

Exxon expended in excess of $100,000 for legal rep-
resentation and engineering services in developing 
and defending the subject water rights. 

Other Applications for Finding of Due Diligence filed 
by Exxon include the following structures on the 
White River and its tributaries in Rio Blanco County: 

Ryan Gulch Reservoir (22,635 acre feet); White 
River Pumping Pipeline (100 cubic feet per 
second); White River Pipeline No. 2 (120 cubic 
feet per second); Stillwater Reservoir (1,804 acre 
feet); First Enlargement of Stillwater Reservoir 
(10,744 acre feet); South Fork-Piccance Pipeline 
(70 cubic feet per second); South Fork Reservoir 
(85,342 acre feet); South Fork Pipeline (100 cubic 
feet per second); White River-Fourteen Mile Creek 
Pipeline (200 cubic feet per second); Fourteen Mile 
Reservoir (25,988 acre feet); First Enlargement of 
Fourteen Mile Reservoir (60,000 acre feet); Wolf 
Creek Pipeline (70 cubic feet per second); and 
Wolf Creek Reservoir (35,000 acre feet). 

Occidental 

Oxy USA Inc. filed Application for Quadrennial Find-
lag of Due Diligence on structures on Roan Creek in 
Garfield County: 

- Cities Service Pipeline and Pumping Plant 
(100 cubic feet per second from the Colorado 
River). 

- Cascade Canyon Pipeline (10 cubic feet per 
second from Cascade Creek). 
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- Cascade Canyon Reservoir (619 acre feet). 

- Conn Creek Pipeline (10 cubic feet per 
second from Conn Creek). 

- Conn Creek Reservoir (422 acre feet). 

The uses for which each of the above described 
water rights were decreed are for industrial, 
municipal, domestic, recreational, irrigation, power, 
mining, retorting, refining and other beneficial uses 
and purposes, consumptive and non-consumptive, 
relating to the production of shale oil and Its 
byproducts, including maintenance of a general camp 
and community In and adjacent to the oil shale 
lands of Oxy USA Inc. lying in Western Colorado. 

In the application Oxy states that It owns or con-
trols in excess of 10,000 acres of oil shale lands 
and lands to be utilized in the development of oil 
shale for which these water rights are needed. For 
qualifying expenditures, Oxy listed: 

- Expenses of $586,000 In connection with the 
Getty-Chevron-Cities Joint-Venture water 
project. 

- Funding of $258,000 to the United States 
Army Corps of Engineers for an Environmental 
Impact Statement. 

To further define methods for oil shale production, 
at a cost of approximately $142,000 Oxy commis-
sioned a study by Bechtel, Inc. The reports analyze 
the integration of Circulating Fluid Bed Combustors

with Occidental's Modified In Situ Technology and 
Above-Ground Retorting. This combination of tech-
nologies increases extraction of oil, heat and chemi-
cal values from the shale, thereby improving the 
economics of shale oil production. 

- Oxy commissioned The Pace Company En-
gineers and Consultants, Inc. to analyze 
development options and timing studies rela-
tive to Oxy USA Inc.'s shale properties at a 
cost of approximately $17,000. 

- A study in connection with marketing shale 
oil from the modified in situ process was 
completed at a cost of approximately 
$20,000. 

- Oxy employed the engineering service of Tip-
ton and Kalmbach, Inc. in its water develop-
ment program at a cost of $21,000. 

- Oxy's use of several Colorado law firms 
during this period of diligence has cost ap-
proximately $81,000. 

- The foregoing activities plus expenditures In-
curred for salaries and overheads, contract 
salaries, and travel and living costs amount 
to total expenditures since the date of the 
last	 diligence	 application in	 excess	 of 
$2,466,000. 
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RESOURCE 

OH. SHALE LEASES CANCELED	 NAME	 ACCOUNT NO. 

In action before the Utah Division of State Lands In 	 D.A. Finklestone	 ML 30532-E 
July, the following oil shale mineral leases were 	 Geokinetics Inc.	 ML 34286 
noted as not paid on or before the cancellation date 
of July 5, 1988.	 Certified notices of cancellation 
were mailed.
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SOCOECONOMIC 

UNOCAL'S VALUATION DOUBLED 

Garfield County (Colorado) commissioners set the 
1988 property value of Unocal's Parachute oil shale 
project at $258 million--an amount tour times 
greater than the value Unocal officials sought. 

It Is almost twice as high as the value the commis-
sioners set on the project in 1987. If that figure 
is upheld Unocal would be paying about one-third of 
the county's property taxes. 

The company's 1987 property value was set at 
$136 million, after the company appealed to the 
County Assessor's original value of $390 million and 
sought a value of $54 million. 

This year, the Assessor set the value at 
$362 million, and Unocal's appeal of that amount led 
to the commissioners' decision, announced in July. 

Unocal officials argued for a value of $58 million, 
based on a recent appraisal of what the property 
and equipment might sell for in the marketplace. 

But the commissioners, sitting as the county's Board 
of Equalization, said other factors had to be con-
sidered, including the research nature of the com-
mercial project and the huge oil shale reserves and 
water rights attached to the project. 

COLORADO COUNTIES TO SPEND OIL SHALE TRUST 
FUNDS 

Monies	 set aside	 from oil shale	 lease payments	 in 
the	 19708 to	 cushion boom-town effects	 In 
Northwestern Colorado will apparently be	 expended 
this	 year	 in spite	 of the obvious	 lack of	 any	 oil 
shale boom.

In 1985 Garfield County Commissioners made the un-
popular move of freezing their portion of the fund, 
then at $10 million. The only exceptions were a 
$250,000 grant to help the town of Silt replace its 
crumbling water treatment plant, $200,000 for 
county-wide economic development and $150,000 to 
help the town of Parachute preserve its costly but 
little-used boom-era infrastructure. 

By last year, Rifle City officials worried they might 
never see the money promised them for projects like 
a recreation center. And they feared that state of-
ficials would come after the money since it was not 
being spent. 

With the Re-2 school board, which also had money 
earmarked in the fund, Rifle filed suit against the 
county In hopes of freeing up the funds.

A settlement this year gave the two $4.5 million to 
split as they chose, leaving the county with 
$5.5 million. The money was split with $2.7 million 
for Re-2, $1.8 million for Rifle and $30,000 for Slit. 

In July, the Garfield County Commissioners voted to 
spend this year the $5.5 million left in the Oil 
Shale Trust Fund. "It's the end of an era, " said one 
Commissioner. "There is no longer an Oil Shale 
Trust Fund." 

They say they would rather not, but spend the Trust 
Fund they must, to make sure no one else comman-
deers the fund. 

They will be replacing bridges, sealing 52 miles of 
cracked paved roads and putting a chip and seal 
finish on 39 miles of gravel roads, spending 
$3 million on the work. 

The Commissioners believe towns and helping agencies 
in Garfield County got shorted on state grants in 
the past because the county had $5.7 million locked 
up in Its Oil Shale Trust Fund. 

"Its a penalty for prudence," said one Commissioner. 
"The bureaucrats cannot contemplate somebody having 
millions of dollars that they are not spending. Be-
cause we had a balance, every entity in the county 
has had this thrown in their face when they apply 
for funds." 

Another $2 million remaining in the Oil Shale Trust 
Fund will be distributed to Mesa, Moffat and Rio 
Blanco counties, according to a proposal by the 
governor of Colorado. 

UTE TRIBE PROPOSES SEVERANCE TAX ON MINERALS 

It has been nearly two years since the United States 
Supreme Court refused an appeal of a 10th Circuit 
Court ruling approving the Ute Tribe jurisdiction over 
the area In the outer boundary of the reservation. 

The refusal of the high court to hear the case in 
November of 1986 put to rest 10 years of litigation 
Involving the Ute Tribe and Uintah, Duchesne 
counties and the State of Utah. The ruling honored 
the tribe's claim to jurisdiction over all of Duchesne 
County, and half of Ulntah County. 

The court left open the definition of "jurisdiction" 
but some Indian tribes in similar situations have 
carried it as far as taxation and zoning. 

None of the northern portion of Ulntah County is 
included In the outer boundary, however, the 
energy-rich southern half of the county is Included. 
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The Ute Tribal Business Committee, proposed a 
10 percent mineral severance tax in July, to be ap-
plied to the wellhead value of gas and oil and the 
gross receipts on the sale of other minerals. The 
tribe plans to put the tax into effect November 1, 
following a September 22 public hearing. 

According to a legal notice published by the tribe, 
the tax would be levied in lieu of the state's 
0.2 percent severance tax on oil and gas production, 
as well as various other state and local taxes ap-
plied on tribal trust lands within the Uintah-Ouray 
Reservation. 

But the state of Utah says it will continue to assess 
its taxes unless it receives a court order forbidding 
It from doing so. 

Similar situations have already prompted energy 
producers to file legal challenges to states' taxing 
authorities on Indian lands.

The Utes have arced to hold in abeyance their 
1986 lawsuit challenging the state's right to tax oil 
and gas production on tribal lands. In another case, 
involving Navajo land in southeastern Utah, Texaco is 
challenging the state's and San Juan County's tax 
authorities. But state attorneys hope to delay that 
trial until the United States Supreme Court decides 
on a similar case that originated in Jicarilla land in 
New Mexico. The high court Is expected to rule on 
that case sometime next spring. 

It Is apparent that millions of dollars are at stake 
In the Ute case. Future oil shale and tar sands 
development In Utah could be affected. 
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RECENT OIL SHALE PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the American Institute of Chemical Engineers Symposium on Advances in 
Synthetic Fuels Technology, held In Denver, Colorado, August 23, 1988: 

Ellington, R. T., at al., "Supercritical Ammonia-Water as a Solvent for Oil Shale Organic 
Matter." 

Carter, S. D., at al., "Fluidized Bed Gasification of Eastern U.S. Oil Shale Char in the Kentort 
II Process." 

Taciuk, W., "Australian and U.S. Oil Shale Test Results Obtained by Use of the Taciuk Direct 
Thermal Processor Technology." 

Gone, R. J., "Rapid Pyrolysis of Green River and New Albany Oil Shales in Solid Recycle 
Systems." 

Bank, R., "Electrocoagulation of Tar Sand and Oil Shale Wastewaters." 

The following papers were presented at the Department of Energy's Oil Shale Contractors' Review Meeting, 
held July 19-21 in Morgantown, West Virginia: 

Owen, L. B., "Oil Shale Reference Sample Bank." 

Milcnls, F. P., 'thermal Decomposition of DOE Reference Shales." 

Shadle, L. J., "Rapid Pyrolysis Mechanisms and Product Characterization." 

Taylor, R. W., "Improved Analytical Methods and Measurements of Rapid Pyrolysis Kinetics for 
Western and Eastern Oil Shale." 

Klara, S. M., "Pyrolysis Modeling of Oil Shale." 

Coburn, T. T., "Water Generation During Pyrolysis of Oil Shales." 

Taylor, R. W., "Rate of Cracking or Degradation of Oil Vapor in Contact with Oxidized Shale." 

Cana, R., "Recent Progress in Solid-Recycle Retorting and Related Laboratory and Modeling 
Studies." 

Carter, S. D., "Kentort li Process Development." 

Chu, C. Y., "Surface Retorting Studies." 

Rex, R. C., Jr., "Research In Process Development for Hydroretorting of Eastern Oil Shales." 

Rampacek, C., "Beneflclation-ilydroretort Processing of U.S. Oil Shales - Project Review and 
Conclusions." 

Punwani, D. V., "Pressurized Fluidized-Bed ilydroretorting of Eastern Oil Shales." 

Gaire, R. .1., "Conceptual Design of Commercial Oil Shale Plants." 

Gregoire, Catherine E., "Comparison of Western and Eastern Oil Shale Conversion In a Staged 
Fluid Bed System." 

Knutson, C. F.. "Oil Shale Mining and Material Handling Technology Assessment." 

Ilommert, P. J., 'technology Development for Blasting Based Mining Operations." 

Kogelmann, W. 3., "Evaluation of Water-Jet-Assist Mechanical Cutting of Oil Shale." 

Merriam, N., "In Situ Retorting Studies."
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Inguva, R., "Retorting Using Electromagnetic Energy." 

Carr, V., "An in Situ Process to Recover Hydrocarbons from Eastern Shales, Results of 
Horizontal Retort Preparation." 

Skinner, Q. 0., "industry, University and Government Cooperative Research to Evaluate Stability 
and Behavior of Processed Oil Shale Waste Embankments." 

RobI, T. L., "Field and Laboratory Leaching Studies of Retorted Kentucky Oil Shale." 

Bowen, J. M., "Organic Geochemical Characterization of Solid Waste." 

Essington, M. E., "Inorganic Geochemical Characterization of Solid Waste." 

Reeves, T. L., "Evaporation Process Analyses and Emissions from Oil Shale Retort Waters." 

Barker, Florence, "Groundwater Studies at Rio Blanco." 

Nordin, J., "Oil Shale Plant Siting Methodology." 

The following presentations were made at Confab 88, held in Silver Creek, Colorado, August 2-5, 1988: 

Brantliaver, J. P., et at., "Porphyrins and Other Metal-Containing Compounds in an Eastern U.S. 
Oil Shale." 

Coburn, T. T., "Catalytic Batch Pyrolysis with improved Product Yields: Green River OH Shale 
and SRCI Assays in Fantasy Land." 

Severin, D., at al., "High Resolution Mass Spectroscopy on Heavy Shale Oil Fractions." 

1ie.Hfl__n 

"Process for Producing Lubrication Oil of High Viscosity Index," Eric L. Moorehead, Sidney Y. Shen - inventors, 
Union Oil Company of California, United States Patent 4,744,884, May 17, 1988. Full-range shale oils or frac-
tions thereof, after hydrotreating, are hydrowaxed and then hydrogenated to produce lubricating oil fractions 
boiling above 650 0 F, having a pour point at or below +100 F, and a viscosity index of at least 95. In the 
preferred operation, the hydrogenation is effected with a noble metal containing catalyst wherein the noble metal 
is dispersed by cation exchange into a carrier comprising a silica-alumina cogel or copolymer dispersed in a 
large pore alumina gel matrix. It has been found with shale oils that the hydrogenation in the preferred em-
bodiment also results in hydrocracking of some of the polynaphthenic compounds. Since polynaphthenic compounds 
can contribute to or themselves cause low viscosity index in lubricating base oil, the invention is believed par-
ticularly applicable to those feedstocks, not necessarily of shale origin, wherein it is desired or necessary to 
raise the viscosity index by hydrogenation with simultaneous hydrocracking of polynaphthenic compounds. 

"Mixing and Cooling Apparatus for Hot, Particulate Matter," Delwin C. Cobb, Charles F. Griswold, Chien-Cheng J. 
Shih - Inventors, Union Oil Company of California, United States Patent 4,746,222, May 24, 1988. Apparatus for 
the mixing and cooling of hot, particulate matter, such as hot, retorted oil shale, comprises a plurality of 
enclosed, vertically spaced apart, converging vessels through which the material to be mixed and cooled is 
flowed. At least the lowermost vessel Is configured for a packed bed flow of the material and has mounted 
therein, on a vertical drive shaft, a mixer blade assembly having a plurality of similar mixing blades which are 
upwardly inclined at an angle, Al, of between about 30 degrees and about 75 degrees and preferably within 
about plus or minus 15 degrees of the sidewall angle of the vessels. The blades are mounted so as to have an 
angle of attack, A2, relative to the rotational direction of travel, of between about 20 degrees and about 
60 degrees. A constant angle of attack along each mixing blade is assured by making the angle, A3, between 
the blade leading edge and the blade base to be related to the blade inclination and attack angles in accor-
dance with the relationship: A3 arctan (tan (90 degrees-A2)/Cos Al). Leading and trailing edges of the blades 
are believed to reduce frictional drag on the blade during operation, the leading edges being made as sharp as 
practical. Blade length is related to vessel diameter at tips of the blades and interblade spacing is related to 
maximum size of particles to be mixed by the apparatus. Means are included for spraying a cooling fluid, such 
as water, onto the material as it flows downwardly through the apparatus. 

"Arsenic Removal From Shale Oil By Chloride Addition," Dennis D. Delaney - Inventor, Union Oil Company of 
California, United States Patent 4,752,380, June 21, 1988. Arsenic is removed from shale oil by the addition of 
acidic chloride compounds.

2-44	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



"Arsenic Removal From Shale Oil by Oxidation," Dennis D. Delaney - Inventor, Union Oil Company of California, 
United States Patent 4,752,379, June 21, 1988. Arsenic is removed from shale oil by the addition of oxidizing 
agents.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1988) 

ACORN PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NI. (5-8) 

In 1985 Southern Pacific Petroleum NI. and Central Pacific Minerals NI. (SPP/CPM) studied the potential for developing a 
demonstration retort based upon mining the Kerosene Creek Member of the Stuart oil shale deposit in Queensland, Australia at a 
grade of 180 liters of oil per thy 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 1(15 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 economia continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,000 tonnes of dried Stuart oil shale was prepared in late 1986 early 1987. The pilot 
plant program was carried out between June and October 1987. 

Engineering is underway to firm up the project definition for a semicommercial demonstration plant. The project is referred to as 
the Acorn Project. During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in or- 
der to increase information on the high grade Kerosene Creek member. SPP plans to any out basic design engineering in 1988 on 
the basis of this project definition. The current conceptual design is for a plant processing approximately 2,000 tonnes per stream 
day of as mined feed shale and producing approximately 1,630 barrels per stream day of raw , shale oil. 

According to SPP, the present cost plan ceiling is AS30 million for such a demoustration plant, including services connection and 
product storage. At current prices for low, sulfur fuel oil in Australia, it is likely that operation of the demonstration plant will at 
least break even and possibly earn a small surplus. After a year of operation it is expected that sufficient data and operating ex-
perience will have been gathered to scale up the technology to full commercial size (60, 	 barrels 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 Compan3r. Occidental Oil Shale, Inc., and Tenneco Shale Oil Company 
(T3S, R96W, 6PM) (S-b) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by the equal-interest partnership between Occidental 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 57,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional Prevention of Significant Deterioration (PSD) permit in December 1977 which was 
amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction cats, 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 19,19a5 before any assistance could be awarded to the project. 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control room, east 
and west airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 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 (19741976). 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

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

Project Cost: Not Disclosed 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (S-is) 

Construction on the Chathain 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 economies of the two 
cocombustants in the reduction of sulfur emissions. A full capacity performance-guarantee test was carried out in May 1987, on 
coal, lime and oil shale. A 3,500 ton test on petroleum coke was started in January, 1988. 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (135, R98W, 6PM) (5-20) 

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

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies. 

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

COLONY SHALE OIL PROJECT - Exxon Company USA (13S, R95W, 6PM) (5-30) 

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 TPD of 35 OPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming, and Final EIS supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. C.F. 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 operation is continuing on 
a reduced scale. An Exxon organization remains in the Parachute area to perform activities including reclamation, some construc-
tion, security, safety, maintenance, and environmental monitoring. These ongoing activities are designed to maintain the capability 
for further development of the Colony resource when economies 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 - SO percent; Southern Pacific Petroleum -50 percent (5-31) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 

Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
average operating cost or uss&s 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 "fines" process owned by Lurgi Ombil of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,000 tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 41,00D 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 1,70D 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. Average 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 SNP, 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 between August and Novem-
ber, 1984 from the Condor oil shale deposit at the site of the previous bulk sample. The oil shale was crushed to produce 
20,000 tons of material sized from 15 millimeters to 120 millimeters. This material was railed to Townesville and shipped to Japan 
on December 12, 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in early 1987 and began processing of the Condor shale and carrying out re-
lated investigations. 

In 1988 SPP/CPM be gan studies to assess the feasibility of establishing a semi-commercial demonstration retortin g olant at Condor 
similar to that being designed for the Stuart deposit. 

Project Cost: $13 billion (mid-1983 U.S. dollars) 

EDWARDS ENGINEERING — Edwards Engineering Corporation (S-33) 

Edwards Engineering Corporation has been designing and building at their manufacturing plant in New Jersey a portable oil shale 
retort that will produce between 1,000 and 2,000 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 AN gravity between 26 to 28, having 
a pour point between 35 degrees and 55 degrees F. The system includes a heat revery 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,ODO barrels per day to any conceivable capacity desired. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

During 1986 the construction of the portable oil shale retort was suspended. Construction may be resumed toward the end of 1988. 

Project Cost: Not Disclosed 

ESTONIA POWER PLANTS - Union of Soviet Socialest Republics (5-34) 

About 95 percent of USSR's oil shale output comes from Estonia and Leningrad Oblast. Half of the extracted oil shale comes 
from surface mines, the other half from underground workings. The nine underground mines output 3,000 to 17,000 tons per day; 
the surface mines output 8,000 to 14,000 tons per day. 

Exploitation of kukersite resources was begun by the Estonian government in 1918. In 1980, annual production of oil shale in 
USSR reached 41 million tons of which 36 million tons came from the Baltic region. Recovered shale oil was 49 million barrels. 
Most extracted oil shale is used for power production rather than oil recovery. 

More than 60 percent of Estonia's thermal energy demand is met by the use of oil shale, as well as a considerable part of the gas 
supplies for the city of Leningrad. First of their kind ever put into operation, the oil-shale-fueled power plants have an annual out-
put of 1,600 megawatts. Another smaller oil shale fueled power plant exists in the Baltic area. 

FUSI-IUN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (343) 

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

At Fushun, oil shale overlies a coal bed which is being mined. Because the oil shale most be stripped in order to reach the coal, it 
is economical to retort the shale even though it is of low grade. Fischer Assay yield is about 53% oil, on avenge. 

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

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

GARY REFINERY - Gary Refining Company (5-35) 

Gary Refining Company operates a refinery in Fruits, Colorado at the southwestern edge of the Piccance Basin. The Gary oil 
refinery was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon on that is mined in 
Northeastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. 
Over the past ten years the refinery has been expanded and upgraded into a modern facility capable of processing a wide variety of 
raw materials into finished transportation fuels. Recent modifications were made to the refinery to process shale oil. 

Gary Refining had a contract to purchase 8,600 barrels per day of hydrotreated 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 that Gary will use to process the shale oil is geared toward maximizing the yield of JP4. The blocking 
operation is due to the Air Force requirements that JP4 be produced solely from a shale oil feedstock. Therefore, the crude, 
vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. Without this Air Forte requirement, the 
shale oil would normally be processed commingled with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's site. JP4 product 
will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such as gasoline and No. 2 diesel will 
be commingled with similar crude-derived products produced at the Gary facility and sold in local markets. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Unocal plant. Gary is now operat-
ing the facility as a terminal pending the availability of sufficient shale oil to justify starting up the refinery. 

Project Cost: Not Disclosed

SYNTHETIC FUELS REPORT, SEPTEMBER 1988 
2-49



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (S-37) 

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

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

In 1988. the N.R.A. announced that it was trostvoning for 5 years the consideration of any commercial oil shale nroiect, 

KIVITER PROCESS - Union of Soviet Socialist Republics (S-38) 

The majority of Baltic oil shale (kukeisite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 6 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts traditionally referred to as gas generators, is predominantly used in commercial operation. The retorts have been 
automated, and have throughput rates of 200 to 220 tons of shale per day. In the gas generators, low temperature carbonization of 
kukeisite yields 75 to 80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 KJ/cubic meters) is 450 to 
500 cubic meters per ton of shale. 

The first 1,000 ton-per-day gas generator was constructed at Kohtla-Jam, Estonia USSR, and placed in operation in 1981. The 
new retort employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the 
semi-coking chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device 
into two semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retort-
ing zone without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by intro-
ducing hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to con-
trol the temperature. Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed 
from the retort. The outside diameter of the retort is 9 meters. 

In January, 1987, two new 1,000 TPD retorts were put in operation. A new battery of four 1,500 TPD retorts, with a new circular 
chamber design, is planned. 

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

Project Cost: Not disclosed 

MAOMING COMMMERCIAL SHALE OIL PLANT— Maoming Petroleum Industrial Corporation, SINOPEC, Maturing, China (S-39) 

Construction of the Maoming petroleum processing center began in 1955. Oil shale is mined by open pit means with power-driven 
shovels, and electric locomotives and dump-cars. Current mining rates are 33 million tons of oil shale per year. Approximately 
one-half is suitable for retort feed. The Fischer Assay of the oil shale averages 63% oil yield. 

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

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 fines in 3 fluidized bed boilers is planned. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (716S, R95W, 6PM) (S-40) 

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 - ONAREP; Science Applications, Inc. (S-55) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name 'I) for the Moroccan oil shale retorting process was derived. 
In February 1982, the Moroccan Government concluded a $43 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit has been completed with a funding from the World Bank in 1984. System press test and 
the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the plant has gone through a success-
ful shakedown test, followed by a preliminary single retorting test. The preliminary test produced over 25 barrels of shale oil and 
proved the fundamental process feasibility of the T3 process. More than a dozen single retort tests have been conducted so far to 
prove the process feasibility as well as to optimize the process conditions. Single retort parametric tests will continue through 1985 
and the double retort 'fl process tests will start in early 1986. The pilot plant utilizes the T3 process developed jointly by Science 
Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres (ONAREP) of Morocco. The 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 CIV!' shales. The design of a demonstration plant, which will have an initial output of 280 barrels per day, rising to 7,800 barrels 
per day when full scale commercial production begins, has been deferred until the pilot plant operation is completed in 1985. A 
commercial scale mine development study at Timandit is being conducted by Morrison-Knudsen. 

The T3 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP an extensive process option studies based on all major processes available in the United States and abroad 
and made a recommendation in several categories based on the results from the economic analysis. An oil-shale laboratory includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rabat with assistance 
from Science Applications, Inc. 

Project Cost: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation 76(S-70) 

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

Unocal began the permitting process for its Phase I 10,000 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 23,19K 

In July 1981, the company was awarded a contract under a United Slates Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. The price will be the market price or a contract floor price. If the 
market price is below the DOE contract floor price, indexed for inflation, Unocal will receive a payment from DOE to equal the 
difference. The total amount of DOE price supports Unocal could receive is $400 million. Unocal began billing the U. S. Treasury 
Department in January, 1987 under its Phase I support contract.
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In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FBQ technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FBC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. The decision does 
not affect Unocal's plans to proceed with the current operations of its shale plant. 

As of January 1988, total shale oil production is approximately 750,000 barrels. 

Project Cost: Phase I - Approximately $700 million 

PI3TROSIX - Petrobras (Petroleo Brasileiro, SA) (5-90) 

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

A Petrosix pilot plant, having an 8 inch inside diameter retort, has been in operation since 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 
coarscr than that used in the entrained bed reactor. 

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

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Marcus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per day of crude 
oil, 38 tons per day of fuel gas, and 19 tons per day of sulfur. A 36 foot inside diameter retort, called the industrial module, is being 
constructed and will produce3.343 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 ocr day in December 1989. 

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

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

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

Project Installed Costs: $68.4 (US) Million (industrial module) 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-95) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The plant is located on property leased 
from a subsidiary of Union Pacific Railroad. In addition to the one section leased for the pilot plant, Ramex also has options on 
ten additional sections. This site was selected because of the accessibility for potential customers, and the abundance of available 
oil shale reserves. 

The pilot plant consists of two specially designed burners that will burn continuously in an underground oil shale bed at a depth 
of 70 feet. These burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot). 

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

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 5 
year life in a 10 foot section of the shale with a product gas of 800 BTU or higher per standard cubic foot. 
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COMMERCIAL PROJECTS (Continued) 

Ram" announced in November 1987 the start of a commercial production program in the devonian shale in the eastern states of 
Kentucky and Tennessee. Drilling of the first wells by Trigas Technology began in February 1988 under Ramex supervision, but 
was halted by the state of Kentucky for tack of an oil shale permit. In April, Ramer announced the project would be moved to In-
diana. In May, tests were carried out on the first well, and nas with a heating value of 915 BTU per cubic foot was obtained. 

Ram" 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) (T2S, R99W, 6PM) 
(S-lao) 

Proposed project on federal Tract C-a in Piceance Crack Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30'x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of 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-tract land that is necessary if the lease is to be developed by surface 
mining. An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. However, a Record of Decision has never been issued due to a suit filed by the Na-
tional Wildlife Federation. 

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort are currently flooded but were pumped out in May 1985 and June 
1986 in accordance with plans approved by the Department of the Interior. Data from the pumpout are being evaluated. Stringent 
monitoring is continuing. Rio Blanco operated a $29 million one to five TPD Lurgi pilot plant at Gulf's Research Center in Har-
maryille, Pennsylvania until late 1984 when it was shut down. Data analysis is currently underway. This $29 million represents the 
capital and estimated operating cost for up to 5 years of operation. Engineering and planning for open pit-surface retorting 
development are being continued. The company has not as yet developed commercial plans or cost estimates. On January 31, 1986 
Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in 
the project. Amoco has no plans to discontinue operations. 

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

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

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

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 economies of develop-
ment. During the work program the Dravo, Luigi, Tosco, and Enon 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,ODO tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

In October 1984 SPP/CPM and Paso 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. 
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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 l3sso provides disproportionate funding, it would be entitled to additional offtake to 
cover that funding. 

Project Cost: See above 

TOSCO SAND WASH PROJECT - Tosco Corporation ('195, K2IE, SLM) (S-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State-
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site environ-
mental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block conveyors, 
power lines, underground mine access tunnels and product pipeline were submitted to Bureau of Land Management in April 1981. 
Final EIS for the project was issued on February 1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air 
quality permit was approved in March 1983. All permits for commencement of construction of the first mine shalt have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shalt and related facilities. Con-
struction of this initial development shaft and experimental mine would enable confinnation of (1) the geologic and geotechnical 
basis for the mine design, (2) estimated mining costs, and (3) the basis for enhancing projected mining recovery ratios for the com-
mercial project. The second phase of the Project will consist of the construction of one 11,000 tons per day TOSCO II pyrolysis 
unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotreated shale oil- During the 
third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 50,000 barrels 
per day of shale oil. Contemporaneous development of Phases 1 and 2 is being considered. The definitive design of the single train 
facilities has been completed. 

Project Cat: $820 million in second quarter 1982 dollars (excluding interest) 

TRANS NATAL T-PROJECT - Trans Natal, Gencor, Republic of South Africa (S-36) 

Current developments in oil shale conversion by Ciencor, one of the larger South African mining companies, have proved to be 
promising and a feasibility study was completed in 1987. A technical study involving retorting test samples of oil shale mixed 

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 15,000 barrels of syncrude 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 desian study is expected to be finished by the end of 1988. Commissioning of the project is anticipated during 1992. 

Proiect Cost: $1.0 billion 

YAAMBA PROJECT— Yaamba Joint Venture (Beloba Pty. Ltd., Central Pacific Minerals NL, Southern Pacific Petroleum N.L, and 
Peabody Australia Ply. Ltd.) (5-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
Oil shale was discovered in the Yaamba Basin in 1978 during the earty 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.
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The Yaamba Joint Venture comprises Peabody Australia Ply. Ltd., with 83.3% percent interest, Beloba Ply. Ltd. with 100/., Central 
Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L. with 3.3%. Peabody Australia manages the Joint Venture 
which holds two "Authorities to Prospect" for oil shale in an area of approximately 1,080 square kilometers in the Yaamba and 
Broad Sound regions northwest of Rockhampton. The 'Authorities to Prospect" were granted to the Yaamba Joint Venture by the 
government of the State of Queensland. In addition to the Yaamba Deposit, the 'Authorities to Prospect" cover a second prospec^ 
tin oil shale deposit in the Herbert Creek Basin approximately 70 kilometers northwest of Yaamba. Drilling in the Herbert Crack 
Basin is still in the exploratory stage. Further exploratory drillins 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. 

Project Cost: Not disclosed

R&D PROJECTS 

DUO-EX SOLVEIff EXTRACTION PILOT PROJECT - Duo-Ex (a wholly owned subsidiary of Solv-Ex Corporation) (8-152) 

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-Es 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-Er process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on previ-
ous work by Duo-Er in a batch reactor and prior engineering studies. The project will determine recoveries of oil, produce scale-
up data and a quantity of raw shale oil for upgrading studies. 

Duo-Er is discussing the project with interested investors and plans to secure funding for the pilot plant during 1988 

Project Cost: $1,000,000 

EASTERN OIL SHALE IN SITU PROJECT - EASTERN SHALE RESEARCH CORPORATION (8-250) 

In 1985, Eastern Shale Research Corporation commenced a project to study the in situ processing of Eastern oil shales, on New 
Albany Shale in Indiana. Test blasts were carried out, followed by the design and blasting of a shot to produce a retort bed for 
burning in the horizontal mode. 

In 1986, a small in situ retort bed was constructed for processing by methods similar to those used by 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 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-us) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
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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 sinned an asreement 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 gild, and low pressure steam for process application at a fac-
tory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, to be supplied by Ahlstrom, Finland, is based on a 
circulating fluid bed technology. 

Successful demonstration can pave the way to significant commercial production of power from oil shale in the next decade. 

The boiler will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will be sold to process application in a 
chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Commissioning is expected in late 1989. 

Project Cost: $25 million for combustion demo plant 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and Industry and the Japan National Oil Corporation. A 5 year R & 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 counterilow 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 carton 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. 

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.
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Based on the results achieved in the preliminary tests. JOSECO conducted the main tests using both Australian Condor and 
Chinese Maomin g ores. 

In the case of sized Condor ore, the maximum ore processin g amount restricted by the limit of hot gas supply volume was around 
220 tons per day, while maintainin g the aimed for oil recovery rate (100% a gainst Fischer Assay). 

Recently it was decided to extend the 7-year R&D plan till the end of 1988. Under this revised plan. a 100-day continuous opera-
tion on Maomin g ore started in July, 1988. 

Project Cost: Approximately US$60 million 

JULIA CREEK PROJECT - CSR LIMITED (5-180) 

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 is CSR Ltd. and partners to be selected. 

The project has proven resents 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 is being carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a 
recirculating solid heat carrier. 

A staged development is planned, with the timing determined by the anticipated price of oil and improvements in project 
economics. 

Project Cost: Yet to be determined 

NEW PARAI-IO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (S-240) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified road asphalt. Researchers at West-
ern Research Institute (WRI) and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a 
significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt. This is par-
ticularty 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 a one mile test strip of shale oil-modified 
asphalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in 
Paraho's existing pilot plant facilities, located near Rifle, Colorado in Au gust. 1988. A small pilot plant retort with an output of 17 
barrels per day was used. In 1988, New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from 
crude shale oil. 

The one mile test strip will be constructed in Colorado at a site to be selected by the Colorado State Department of Highways. 
Once constructed, the test strip will be evaluated over a period of several years, during which time Paraho will complete site selec-
tion, engineering and cost estimates, and financing plans for a commercial production facility. 

The size of this commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving.

SYN'mE'nC FUELS REPORT, SEPTEMBER 1988 
2-57



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1988) 

K & I) PROJECTS (Continued) 

Based upon current engineering estimates, the initial commercial facility will cost $200 - $250 million to design, engineer and con-
struct, lithe 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 several different resource sites upon which the commercial production 
facility could be located: an area in the vicinity of Anvil Points, Colorado: a site on the Mahogany Block in northwest Colorado; 
and the Paraho-Ute properties, located near Vernal, Utah. Of these several options, the Mahogany site represents the most 
economically viable alternative and, accordingly, is the preliminary location of choice. 

Project Cost: $2r500,000 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (5-205) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Inter-
national Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 

Developmental works are being conducted on pretreating technology, two hydrorefining processes using fixed-bed type and 
ebutlated-bed type reactors, high-performance catalysts for those processes, and two-step treating systems. 

Life tests of one of the catalysts containing molybdenum and promoting metals showed that steady 94 percent denitrogenation can 
be attained for 100 days. Production conditions for the catalyst were established. 

Optimum reaction conditions of the above process, and properties of products were also sought and gained. 

Shale oils were partially hydrorefined in the first stage, and further hydrorefined in the second stage under conditions typical of ex-
isting petroleum refineries. Upgrading systems are being established for obtaining operational data in 1987 with the large bench-
scale plant (1.5 barrels per day) using an ebullated bed reactor. 

Project Cost: Not Disclosed 

TRIAD DONOR SOLVENT PROJECT - Triad Research Inc. (5-215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The process is said to 
be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 

The new process, named the H-E process, utilizes a fraction of the oil derived from the shale as the hydrogen donor solvent. 
Laboratory experiments to date have shown that oil yields from Sunbury shale samples equivalent to more than 200 percent of Fis- 
cher Assay are achieved at operating pressure as low as 15 to 20 atmospheres. 

The sponsors are 94 percent complete with the design, engineering, procurement, and construction of a pilot plant facility. 

Project Cost: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SrflJ RETORT - United Nations (5-230) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksiaac, in the lower Juzna Monvica 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 3.5 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale 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 20,000 barrels per day at full 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the 'P3 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.

SYNTHETIC FUELS REPORT, SEPTEMBER 1988 
MIJ



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1988) 

K & I) PROJECTS (Continued) 

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 2O, 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 UNOP support. Establishment of the IMIS experiment had been expected in 
1988 but will now be postponed to 1992. 

The main problem in the design evaluation stages was consideration of the environmental impact on open streams and the fertile 
agricultural surroundings in the basin. The present solution, utilizing the IMIS method, promises an environmentally acceptable 
approach. 

Project Cost: US$12,000,
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COMPLETED AND SUSPENDED PROJECTS 

Proiect 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 B4 

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

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

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

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

Means Oil Shale Project Central Pacific Minerals June 1987; page 2-47 
Dmo Corporation 
Southern Pacific Petroleum 

Nahcolite Mine #1 Multi-Mineral Corporation September 1982; page 2-40 

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

Oil Shale Gasification Institute of Gas Technologjc December 1978; page 8-3 
American Gas Association 

Pacific Project Cleveland-Cliffs June 1987; page 2-48 
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 Geokinetirs Inc. March 1986 page 2-54 
Peter Kiewit Sons' Inc. 

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

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

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

Unnamed In Situ Test Mecco, Inc. September 1978; page 8-3
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Unnamed Fracture Test 	 Talky Energy Stems	 September 1978; page 8-4 

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

INDEX OF COMPANY INTERESTS 

Company or Oreanization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-53 

Beloba fly. Ltd. Ynamba Project 2-54 

Cathedral Bluffs Shalt Oil Company Cathedral Bluffs Project (C-b) 2-46 

Central Oil Shalt Pty. Ltd. Yaamba Project 2-53 

Central Pacific Minerals Acorn Project 246 
Condor Project 247 
Rundle Project 2-53 
Yaamba Project 2-53 

Chevron Shale Oil Company Chevron Clear Creek Project 247 

Conoco Inc. Chevron Clear Creek Project 247 

CSR limited Julia Creek Project 2-57 

Duo-Ex (SoIv-Ex Corporation) Duo-Ex Solvent Extraction Pilot Project 2-55 

Eastern Oil Shale Research Eastern Oil Shale In Situ Project 2-55 

Edwards Engineering Company Edwards Engineering 2-48 

Esso Australia Ltd. Rundle Project 2-53 

Exxon Company USA Colony Shale Oil Project 247 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 249 

Gary Refining company Gary Refinery 249 

Gencor Trans Natal T-Project 2-54 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-58 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-56 
(JOSECO) 

Jordan Natural Resources Jordan Oil Shale Project 2-50 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-50 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-51 

New Paraho Corporation Parabo Asphalt From Shale Oil 2-57 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-46 

Office National de Recherche et Morocco Oil Shale Project 2-51 
d'Exploitation Petrolieres 
(ONAREP) 

PAMA Inc. Israeli Retorting Development 2-55 

Peabody Australia Pty. Ltd. Yaamba Project 2-54 

Petrobras Petrosix 2-52 

Ram" Synfuels International Ram" Oil Shale Gasification Process 2-52
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Company or Organization Project Name 

Rio fiance Oil Shale Company Rio Bianco Oil Shale Project (C-a) 2-53 

Science Applications, Inc. Morocco Oil Shale Project 2-51 

Sinopec Fushun Commercial Shale Oil Plant 2-49 
Maoming Commercial Shale Oil Plant 2-50 

SoIv-Ex Corporation Duo-Ex Solvent Extraction Pilot Project 2-55 

Southern Pacific Petroleum Acorn Project 2-46 
Condor Project 2-47 
Rundle Project 2-53 
Yaamba Project 2-53 

Tosco Corporation Tosco Sand Wash Project 2-54 

Trans Natal Trans Natal T-Project 2-54 

Triad Research Inc. Triad Donor Solvent Project 2-52 

Unocal Corporation Parachute Creek Shale Oil Program 2-51 

Union or Soviet Socialists Republics Estonia Power Plants 2-49 
Kiviter Process 2-50 

U.S. Department or Energy Duo-Er Solvent Extraction Pilot Project 2-55 

United Nations Yugoslavia Inclined Modified in Situ Retort 2-58 

Yaamba Joint Venture Yaamba Project 2-54
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PROJECT ACTIVITIES 

AMOCO OPENS SOARS LAKE HEAVY OIL PILOT 

Amoco Canada in July officially opened the 
company's 16-well heavy oil pilot facilities located 
on the Elizabeth Metis Settlement south of Cold 
Lake. 

Pilot project start-up featured an all-Metis 
workforce as a result of a training program qualify-
ing Settlement residents for oil and gas operations. 
The training program was a cooperative effort be-
tween Amoco Canada, the Alberta Vocational Centre, 
the Canada Employment and Immigration Centre, 
Lakeland College, and the Elizabeth Settlement. 

Amoco Canada has been actively evaluating the 
heavy oil potential of its Soars Lake leases since 
1965 when the company drilled two successful wells. 
The company now has 55 wells at this site with 
most having been drilled since 1985. The heavy oil 
reservoir at Soars Lake is located in the Sparky 
formation at a depth of 1,500 meters. The company 
estimates its total expenditures at this location since 
activity began at about $33 million. 

In the summer of 1987,	 Amoco began drilling 
15 slant wells for the project. 	 One vertical well
already drilled at the site was included in the plans. 

The injection scheme calls for steaming three wells 
simultaneously with the project's single 15 megawatt 
generator. The unit will convert 2,300 barrels per 
day of water into steam for injection in the wells. 

Amoco expects initial production from the pilot wells 
to be about 1,050 barrels per day. 

Site preparation work included installing a processing 
plant with an 1,887 barrel per thy capacity. Amoco 
also bought nine treatment tanks and built a power 
generator building, a field office and a waste-
storage pit. 

BURNT LAKE PROJECT REACTIVATED 

Suncor Inc., Alberta Energy Company Ltd. (AEC), and 
Canadian Hunter Exploration Ltd. have announced 
plans to proceed with the Burnt Lake in situ heavy 
oil plant 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 thy. 

According to the companies, the Burnt Lake project 
Is a milestone because it is the first commercial 
development of these heavy oil resources on the 
Primrose Range. It also reflects the close coopera-
tion of Canada's military which has been fundamental

In safely coordinating this and other energy resource 
development projects with military activities on the 
Range. 

Several other heavy oil development activities are 
underway on the 2,000 square-mile Primrose Range. 
AEC is the operator of one heavy oil pilot, at 
lpiatik. It is also working with other co-venturers 
on two additional pilot projects which are expected 
to lead to more commercial heavy oil development. 

The pipelines division of AEC is expanding its Cold 
Lake Heavy Oil Pipeline to boost shipping capacity 
from AEC's La Corey Oil Terminal near Bonnyville to 
Edmonton. AEC Pipelines is seeking regulatory ap-
proval for a lateral pipeline from the new Burnt 
Lake project to La Corey. Burnt Lake daily produc-
tion would increase the pipeline's current daily 
throughput by some 10 percent. 

The multi-phase Burnt Lake project, which will in-
volve cyclic steaming, was put on hold two years 
ago due to low oil prices. 

Development of Burnt Lake will cost the partners 
about C$470 million over 25 years. Suncor estimates 
it will spend C$80 million from now until startup in 
1990. 

According to initial plans, the project was supposed 
to be designed after the thermal recovery project 
Suncor operates nearby at Fort Kent. There slant 
wells were drilled In clusters and cyclic steamed. 

Future stages could double production to 
25,000 barrels per day. Burnt Lake Is estimated to 
contain over 300 million barrels of recoverable heavy 
oil. 

The project is proceeding under a fiscal approach 
which provides for a gradual phase-in of royalties 
over time until the project recovers its costs. From 
that time, the government receives a royalty per-
centage of net project income. 

SUNCOR SETS $200 MILLION FOR DEBOTTLENECKING 
PROJECT 

Suncor's Board of Directors has approved the expen-
diture of a total of $200 million on a debottleneck-
Ing project at the oil sands plant. The project will 
increase plant capacity to 71,000 barrels per day 
when completed in 1991. 

The company	 a	 year ago	 disclosed	 plans	 to spend 
$150 million	 to increase production by	 10,000 barrels 
per day	 to	 63,000 barrels	 per	 day.	 The latest 
$50 million	 increment will	 add another	 8,000 barrels
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per day to expansion plans. This will bring primary 
production capacity in line with previously increased 
upgrading capacity. Suncor's goal is to boost 
production from all its Canadian properties to 
100,000 barrels per day by 1991. 

Suncor has also entered into preliminary discussions 
with the Alberta and federal governments on the 
feasibility of a further significant expansion of the 
oil sands plant in the early 1990s. 

Earnings of the Oil Sands Group in the second 
quarter were $5 million, compared to $27 million in 
the second quarter of 1987, reflecting the impact of 
lower crude oil prices and somewhat lower volumes. 
A loss of $12 million for the first six months, com-
pared to a profit of $51 million in the first half of 
1987, resulted from the partial loss of production 
mainly in the first quarter and from lower crude oil 
prices. 

Facilities rebuilt following the October, 1987 fire 
have been performing well. Oil sands production 
was strong through the second quarter, averaging 
56,783 barrels per day.

## # # 

OSLO TO CARRY OUT DREDGING/COLD WATER 
EXTRACTiON FIELD TEST 

Other Six Leases Operation (OSLO) applied to the Al-
berta Energy Resources Conservation Board for ap-
proval to conduct a small, simulated dredging/cold 
water extraction experimental field test in the 
northwest quarter of Section 6, Township 91, 
Range 9, west of the 4th meridian. 

The scheme would involve simulated dredging of in 
situ oil sands from an abandoned borrow pit. 
Bitumen extraction would be accomplished by Intro-
ducing air and chemicals into the slurry-transporting 
pipeline. The resulting bitumen froth would be 
stored in a pond and ultimately trucked to Syncretic 
for further upgrading. 

OSLO also proposed to conduct a high-pressure water 
jet cutting test. However, detailed plans of this 
test were not provided. 

OSLO indicated that in 1984, it began studies to 
develop new technology to reduce overall bitumen 
production costs. Laboratory research led to the 
development of a new bitumen extraction process 
called "OSLO Cold Water Extraction" (OCWE). Based 
on the potential shown by the OCWE process, OSLO 
Is entering the second year of a four-year technol-
ogy development program for the dredging/OCWE sys-
tem. If the proposed experimental tests now being 
applied for are successful, a demonstration pilot, 
using a dredge with a capacity of 600 tonnes per 
hour, would be designed for operation on Lease 31 
In 1989.

The application was considered at a public hearing 
on July 6, 1988 in Calgary. 

At a pre-hearing meeting held on June 6, 1988 con-
cerning an allegation by C-H Synfuels Ltd. (C-Il) 
regarding potential predation of intellectual property, 
the Board ruled that it would not hear evidence or 
make any judgment on issues dealing with intellec-
tual property. 

C-il was concerned that, if OSLO's application were 
approved, it would be a relatively simple matter for 
OSLO to have its approval amended to allow testing 
similar to that proposed by C-H. C-il contended 
that such duplication in testing would not be In its 
interest nor in the interest of Albertans. 

C-il stated that it would not object to approval of 
OSLO's application, provided that OSLO is restricted 
strictly to the equipment, tests, and methods of 
testing, including the small diameter slurry pipeline, 
it described in the application. C-li argued that 
the introduction of air as a flotation aid may not 
work in a large diameter pipeline. 

OSLO	 stated	 that	 the	 primary	 objective	 of its 
proposal	 is	 to	 test	 the	 OCWE	 extraction	 process 
which	 would	 employ	 extraction	 temperatures 	 in the 
range	 of	 50	 to	 15 0	 C.	 Chemicals	 would	 be added 
to	 the	 extraction	 process	 that	 are	 unique	 to the 
OCWE	 process	 and	 lime	 would	 not	 be	 added to the 
tailings	 treatment.	 OSLO	 also	 stated	 that	 the only 
similarity	 between	 its	 proposed	 test	 and that 
recently approved for C-li is that both would use an 
Ellicott	 dual	 bucketwheel	 suction	 dredge	 cutter head 
to	 mine the	 oil sands	 (see Figure	 1).

## U U 
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SYNCO PROPOSES 8,000 BPD TAR SANDS PLANT AT 
SUNNYSIDE 

Synco Energy Corporation of Orern, Utah Is seeking 
to raise capital to construct a plant at Sunnyside in 
Utah's Carbon County to produce oil, fertilizer and 
electricity from coal and tar sands. 

Brown and Root of Houston is working on the plant 
design and a New York firm is seeking equity 
partners for the venture. 

Construction	 would	 require	 an	 estimated
2,000 workers. 

•I'l)O Synco 

Synco has developed a process to extract oil from 
the large deposits of tar sands and oil shale which 
occur In the States of Utah, Colorado and Wyoming. 
Synco has been awarded process patents In the 
United States, Canada and Venezuela. 

Synco utilizes coal gasification to make a synthetic 
gas.	 The syngas is approximately 3,500 0 F, and 
contains approximately 35 percent hydrogen, 
55 percent carbon monoxide, and 10 percent carbon 
dioxide, and various other minor gases. The gas is 
cooled to 2,000 0 F by making steam and then mixed 
with the tar sands or oil shale 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 2 removed and the gas 
burned in a gas	 turbine	 to produce	 electricity. The 
hot exhaust gases are then used to make steam and 
more	 electricity.

The plant would be built at Sunnyside, Utah, near 
the city of Price. There is about a 34 percent un-
employment rate In this area, and this plant would 
employ approximately 400 people. 

There is a reserve of four billion barrels of oil in 
the tar sands and 230 million torts of coal at the 
Sunnyside site. Both raw materials could be con-
veyed 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. The cost to construct 
the plant would be in the neighborhood of 
$350 million. 

Synco shipped samples of tar sands to Allis-Chalmers 
in Milwaukee, Wisconsin for process testing. Test 
results indicated 88 to 94 percent recovery of the 
available hydrocarbons. 

Tar Sand Resource 

An application has been filed by Synco with the 
Utah Division of State Lands for an industrial special
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use lease containing the entire Section 36 of State 
land bordering the town of Sunnyside, Utah. 

The current surface use of the subject property Is a 
grazing permit held by Kaiser Coal Corporation. 
Kaiser has never used the section for grazing pur-
poses, but have concerns for controlled access to 
their mining operations. Kaiser was sent an applica-
tion for right-of-way permit for those lands needed 
for an easement to their mines. 

The subject 645.24 acres is bounded on the north 
and west by Bureau of Land Management lands. It 
is bounded on the east and south by private lands. 
This parcel was advertised for competitive lease/sale 
with no responses received within the specified time 
period.

nfl 

C-H SYNFIJELS WINS APPROVAL FOR DREDGING 
PROJECT 

C-H Synfuels Ltd. (C-H) applied to the Alberta 
Energy Resources Conservation Board (ERCB), for ap-
proval to construct an oil sands dredging project In 
Section 8, Township 89, Range 9, west of the 4th 
meridian (Figures 1 and 2). 

The scheme would involve dredging of a cutoff 
meander in the Horse River some 900 meters from 
the Fort McMurray subdivision of Abasand Heights. 
Extraction of the dredged bitumen would take place 
on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. 
The resulting bitumen would be stored in tanks, al-
lowed to cool and solidify, then transported, via 
truck and barge, to either Suncor or the City of 
Port McMurray. Tailings treatment would employ a 
novel method combining the sand and sludge, thus 
eilmlnating the need for a large conventional tailings 
pond. 

The application was received by the Board in May 
1987. Because questions had been raised by con-
cerned Fort McMurray residents, the application was 
considered at a public hearing on May 9-10, 1988 In 
Fort McMurray. 

Potential Benefits In Improved Technology 

C-H proposed to use a small-scale dredge to 
evaluate the feasibility of mining the oil sands by 
dredging. Although dredging Is common in other 
mining operations, it is not currently used in the oil 
sands industry. C-H stated that the bitumen would 
be extracted from the oil sands in a fully enclosed 
process barge. The extraction method to be used 
would be a modification of the hot water process 
using mechanical energy in the form of augers, as 
well as hot water. Chemicals would not be used. 
C-H was not prepared to divulge details of its ex-
traction method since that information Is proprietary 
and of competitive value. 
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FIGURE 1 

C—H SYNFUELS LTD. GENERAL AREA PLAN 
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FIGURE 2 

C-H SYNFUELS LTD. PROPOSED SITE PLAN 
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C-H proposed to add lime and a nontoxic 
polyacrylamide polymer to the tailings stream. This 
would cause the fines to attach to the sand 
eliminating the need for a sludge pond. C-H 
claimed that the resulting tailings could withstand 
traffic within a week and thus serve as a good base 
for reclamation. In laboratory tests, C-H found that 
jackpines and slender wheatgrass adapted well to the 
material.

Effects of the Project on the Community 

The majority of the interveners stated that their 
main concern with the project was that it is simply 
too close to a residential area. One intervener sug-
gested that if the project site were located farther 
away from Abasand Heights, there would not have 
been any Interventions. 
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In response to concerns that the project could af-
fect the sleeping and recreational habits of the 
residents of Abasand Heights, C-H stated that, be-
cause sound travels in a straight line and there are 
no residences in Abasand Heights that have a direct 
line of sight to the project, the residents would not 
be able to hear the operation. C-li compared the 
proposed project to Highway 63 noise which, it 
stated, is noisier than the proposed project yet is 
not heard by residents of Abasand Heights. C-H 
also stated that a normal conversation would be 
possible while standing on the deck of the dredge. 

C-il stated that all the bitumen processing vessels 
would be fully enclosed and would operate at low 
temperatures so that venting of gases would not be 
necessary. 

The Board agreed with C-H that noise levels would 
not likely be noticeable in the Abasand Heights sub-
division. Similarly, visual impacts would be negli-
gible considering that the site can only be viewed 
by walking a considerable distance along the inter-
valley ridge. 

Site Access 

The main transportation route along the Horse River 
valley would be as shown on Figure 1. C-H stated 
that its preferred equipment access route to the site 
would be by barge on the Clearwater and Athabasca 
Rivers from the city of Fort McMurray to a barge 
loading dock located at the mouth of the Horse 
River. The equipment would then be trucked to the 
site on upgraded existing trails and two bridges that 
would be installed across the Horse River. 

Natural Area 

In response to concerns about effects of the project 
on wildlife, C-H stated that the project would 
operate only during summer months and therefore 
should have no impact on migratory patterns. C-H 
agreed that the operating noise in the immediate 
area of the project may keep wildlife, including 
birds, away. 

Water Contamination 

In response to concerns about the project causing 
contamination of the city's water supply, C-H stated 
that the potential for escape of undesirable 
materials into the rivers would be minimal because 
there would be no discharge of materials into the 
Horse River, containment booms would be located 
around the dredge and the barge loading dock, and 
an armored berm would be constructed around the 
tailing and dredging areas to a height above the 
100-year flood level. 

Regarding the transportation of bitumen, C-Il stated 
that, because the bitumen would be transported in 
its cold state, it would not flow. Therefore, it is 
likely that if a spill did occur, the bitumen would 
behave as a discrete material and could easily be 
recovered.

Reclamation 

Several of the interveners were concerned that C-H 
might become insolvent and abandon the site. Some 
type of assurance was requested from C-H that the 
area would not be abandoned prior to cleaning up 
the site. C-H stated that one of the purposes of 
the project was to prove a new tailing treatment 
process which would have a positive effect on 
reclamation. The proposed tailings treatment process 
would eliminate sludge by bonding the fines together 
with the sand by the addition of lime. This allows 
the material to settle much more quickly, thus sig-
nificantly reducing the need for a large pond. The 
resulting material would be trafficable within a week 
and, by the addition of peat moss, the area would 
be ready for planting slender wheatgrass and jack-
pines. 

In conceptual reclamation plans, C-Il proposed to 
leave behind a lake with contoured sandy benches. 
The lake water would be detoxified and made ac-
ceptable for swimming. However, the city stated 
that it has no interest in annexing or developing the 
area in the foreseeable future. 

ERCB Conclusions 

The Board concluded that there is a continuing need 
to encourage new technological innovations In the oil 
sands Industry. The C-li application would simul-
taneously test the feasibility of (a) oil sands 
dredge-mining, (b) barge-mounted extraction of 
bitumen without the use of chemical additives, and 
(c) treatment of tailings to achieve rapid reclama-
tion. Though little information was available to ex-
amine the technical merit of this proposed ex-
perimental operation, the Board saw no good reason 
to deny the field demonstration proposed by C-Il. 

SYNCRUDE WINS APPROVAL FOR SO PERCENT 
EXPANSION PLAN 

In June the Alberta Energy Resources Conservation 
Board approved Syncrude Canada Limited's application 
for a 50 percent increase in average daily produc-
tion to approximately 250,000 barrels by 1993. The 
total application, filed in 1987, provided for the fol-
lowing: 

- increased yearly production of marketable 
hydrocarbons from 8.375 million cubic meters 
to	 10	 million	 cubic	 meters	 beginning 
January 1, 1088. 

- Increased yearly production of marketable 
hydrocarbons to 15 million cubic meters 
beginning February 1, 1093. 

- Production period extended to December 31, 
2018. 
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- New oil sands mining and discard disposal 
areas. 

Construction and operation of the new 
facilities to mine and process oil sands and 
to produce synthetic crude oil. 

A Notice of Filing of the application was published 
on May 22, 1987 which Informed the public of the 
proposed expansion and invited interested parties to 
contact the Energy Resources Conservation Board 
(ERCB). Alberta Energy Company (AEC), Chevron 
Canada Resources Ltd. (Chevron), Alberta Power 
Limited (APL),	 Alberta Oil Sand Technology and 
Research Authority (AOSTRA), 	 Oleophilic Sieve
Development Canada Ltd. (OSDC), Alberta Trappers 
Association,	 and the Fort M elf ay Indian Band
responded to the notice. 

The concerns of AEC, APL, and AOSTRA related to 
relocation of pipelines, power lines, and roads neces-
sitated by the expanded operations. The Chevron 
intervention related to activities proposed on Section 
12-92-11 W4M on which Chevron has the oil sands 
rights. Syncrude subsequently deleted this area from 
Its proposed project area. 

The concerns of the Alberta Trappers Association 
were addressed by Board staff through a consultative 
mediation-type process. 

The OSDC Intervention expressed concerns related 
primarily to technical process matters which dealt 
with the extraction process, tailings impoundment, 
and reduction in sludge accumulation. 

Fort McKay Indian Band formally informed the ERCB 
that it wished to reserve the right to intervene in 
any public hearing that might be conducted with 
regard to the Syncrude plant expansion. 

Alberta 011 Sands Technology and Research Authority 
raised questions about the proposed new sand dis-
posal area which was shown to cover an existing 
AOSTRA access road. 

Mining Areas 

Syncrude submitted that the currently approved 
project area does not contain sufficient ore reserves 
to support the proposed production requirements 
through to the end of year 2018. Syncrude 
proposed expanding the North Mine and adding an 
East Mine, as shown in Figure 1.	 This would
provide approximately 64 percent more ore reserves 
than required. Syncrude submitted that this excess 
reserve was necessary to provide for mine design 
refinement, access corridors, mining and extraction 
losses, planning flexibility, and maintenance of re-
quired production rates. Syncrude further submitted 
that, although the application requests approval for 
operations only until 2018, the plans are based on 
operations continuing beyond then.

I 
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Tailings 

Syncrude submitted that It plans to dispose of tail-
ings sand outside of the existing tailings pond In the 
year 1990, and to use the existing tailings pond only 
for interim sludge and water storage. In order to 
do so, additional sand that cannot be accommodated 
in the mined-out pits must be placed out-of-pit. 
Syncrude has identified two possible out-of-pit sand 
disposal areas, both of which are considered unat-
tractive for oil sands mining. Syncrude proposes to 
utilize the area in the southwestern corner of the 
proposed project area to accommodate the out-of-pit 
tailings sand requirements through to the year 2018. 

Pru	 Plant Modifications 

Syncrude proposed the following modifications and 
additions to the process plant: 

- A new extraction plant and additional 
capacity for froth treatment, diluent 
recovery, and steam production to support 
the additional bitumen production. 

- New bitumen hydrocracking capacity to ex-
pand the upgrading capacity.	 Additional 

3-7	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



hydrotreating capacity would be included to 
treat the additional products to finished syn-
thetic crude oil. The additional hydrogen 
required by both the hydrocrackers and 
Ilydrotreaters would be supplied by new 
hydrogen production plants. 

- incremental electrical generation capacity, 
estimated at 125 megawatts, would be sup-
plied in part by gas turbine generation, with 
heat recovery on the turbine exhaust, 
balanced with generation from the existing 
utility plant. 

New Extractijx, Plant 

Syacrude proposes to build a new extraction plant 
which would use a modified process, called the Warm 
Slurry process. This process is an evolution in the 
development of water slurry oil sands processing. It 
is based on Syncrude research and development 
carried out in the past two years. Bitumen 
recovery efficiency is expected to be high and com-
parable to that from Syncrude's existing hot water 
process with recovery improvements. Syncrude 
stated that process water requirements and tailings 
volumes per tonne of ore from the Warm Slurry 
process are essentially unchanged from the present 
operation. Syncrude pilot testing of this process, on 
a variety of oil sands ores expected to be encoun-
tered in the expansion mine areas, found that 
recoveries meet, or exceed, the performance of the 
existing process.

Syncrude considered other extraction processes, in-
cluding some using water slurry-flotation or solvents, 
and direct oil sands coking. However, in its 
opinion, none of these technologies is sufficiently 
developed to justify Inclusion in its expansion plans. 

Upgncltng Technology 

Syncrudc proposes to use expanded bed catalytic 
hydrocracklng as the primary upgrading technology 
which would be used to process the additional 
bitumen. This additional hydrocracicing capacity 
would have design characteristics similar to those 
described by Syncrude in its Capacity Expansion 
Project approved by the ERCB in 1984. 

Syncrude proposes no significant modifications to the 
existing cokers although feedrates would be some-
what reduced. 

Alternative Fuels and Light Ends Recovery 

Questions were raised about the feasibility of light 
ends recovery (LEFt) and the utilization of coke for 
fuel. LEft involves the recovery of low boiling 
hydrocarbons from the gas (byproduct of upgrading 
operations). Syncrude in Its 1984 application to the 
ERCB proposed LEFt and ERCB approved it. 	 Subse-



quently Syncrude decided not to proceed with the 
installation. Syncrude maintained that neither LEft 
nor coke utilization was attractive and they were 
excluded from the expansion proposal. 
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CORPORATIONS 

GANNET OPENS MINI-PLANT FOR EMULSION TESTS 

Production fluids from the thermal recovery of heavy 
oil and oil sands bitumen frequently contain large 
amounts of tight bitumen-water emulsions. Treat-
ment of produced fluids to pipeline specifications or 
for onsite upgrading has been a technical and 
economic challenge. The technology for treating 
produced emulsions is largely site specific. Thus, a 
versatile, flexible evaluation tool is needed to com-
pare and optimize various emulsion treatment 
methods. 

The Canada Centre for Mineral and Energy Technol-
ogy, (CANMET) is the major research and technology 
arm of Energy, Mines and Resources Canada. 
CANMET's Coal Research Laboratory in Devon, Alberta 
Is involved in research and development related to 
the treatment of emulsions and effluent waters 
produced from in situ recovery of oil sands bitumen, 
enhanced recovery of heavy oils, and sludge and 
tailing disposal. 

An emulsion treatment mini-plant was completed in 
March 1988 and made available for full-scale com-
mercial testing in midsummer of 1988. 

The experimental work Is carried out at various 
scales, starting at investigations at the molecular 
level and up to the 70 barrels per day mini-plant. 

The scope of the mini-plant covers a wide spectrum 
of emulsion treatment possibilities. Phase separation 
equipment includes free water knockout, dual-polarity 
electrostatic treater, evaporation dehydrator and In-
duced gas flotation, arranged In a manner which 
provides maximum flowsheet flexibility and com-
prehensive sampling for material balance. 

This facility will enable CANMET researchers, working 
in cooperation with industry to: 

- Determine the parameters that govern oil 
water separation, which can be extrapolated 
to larger industrial plants; 

- Evaluate the performance of major pieces of 
separation equipment and the controllability 
of the process configuration; 

- Test and evaluate new on-line process 
monitoring and control equipment; 

- Perform component and material balances as-
sociated with various process streams; 

- Produce parametric data or process and con-



trol variables utilizing computer techniques.

PANCANADIAN ID BUY OXY OIL SANDS INTERESTS 

PanCanac-Jian Petroleum Limited and Canadian Occiden-
tal Petroleum Ltd. announced in August that agree-
ment has been reached for PanCanathan to purchase 
from Canadian Occidental a six percent interest in 
the Syncrude Project and a five percent interest in 
the OSLO Project (Other Six Leases Operating Agree-
ment) for 285 million dollars. Closing on this trans-
action Is subject to any required approvals being ob-
tained. After this transaction, PanCanadian will 
have a 10 percent interest in each of the Syncrude 
and OSLO projects and Canadian Occidental will 
retain a 7.23 percent interest in Syncrude and a 
20 percent interest in OSLO. 

SUN COMPANY ANNOUNCES MAJOR RESTRUCTURING 
PLAN 

In July, the board of directors of Sun Company, the 
pioneer developer of Canadian tar sands, approved a 
major restructuring of the 102-year-old energy firm. 
Elements of the restructuring include the expansion 
of its International exploration and production opera-
tions, an expanded refining and marketing business 
and an enlarged stock repurchase program. A key 
element of the plan is a distribution to shareholders 
of all the stock of its domestic oil and gas explora-
tion and production company. 

Sun Exploration and Production Company, with ap-
proximately $4.8 billion in assets and $1.6 billion in 
revenues in 1987, would thereby become the largest 
independent oil and gas producer in North America. 
Headquartered in Dallas, the enterprise would operate 
as a separate entity from Sun Company. 

Under the plan, the original company, Sun, would 
restructure with over $9 billion in assets. In 1987, 
the restructured Sun, excluding Sun E&P, had total 
revenues of $9.1 billion. The restructured Sun will 
continue its emphasis on energy as its principal 
business, highlighted by an expanding refining and 
marketing business. Sun recently announced an 
agreement to acquire Atlantic Petroleum, which has 
a Philadelphia refinery and nearly 1,000 branded 
dealers and jobber outlets. 

Other energy components in the restructured Sun In-
clude Elk River Resources, a coal operation head-
quartered in Knoxville, Tennessee; a 75 percent 
ownership on Suncor, an integrated Canadian 
petroleum firm; and a London-based International ex-
ploration and production operation. Sun also retains 
substantial non-energy investments in real estate 
development and equipment leasing and secured lend-
ing interests in the United States. 

3-9	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



A special shareholders meeting will be held on or 
about October 4, 1988 at which time shareholders 
will be asked to approve the distribution. 

The restructuring action will be accompanied by a 
substantial reduction in costs, including a reduction 
of about 800 people at Sun E&P and approximately 
250 at the restructured Sun. Company officials said 
they hope to ease the impact somewhat through 
early retirements and termination packages. 

In its second quarter earnings report, Sun took an 
after-tax charge of approximately $300 million as a 
result of employee terminations, office closings, 
other matters and sale of marginal oil and gas 
properties. 

Chief Executive Officer, R. McClements, Jr. said, 
"The Sun Company is strong in refining and market-
ing and getting stronger. We plan to expand our 
efforts in our profitable coal business, and to stay 
active on the Canadian energy scene. We will also 
seek to become more prominent in international Ex-
ploration and production." 

Sun Company was founded in the oil fields of Ohio 
in 1886. Today, it is the tenth largest United 
States oil company. 

ORS REPORTS SUCCESS IN BRAZIL 

ORS Corporation reports receiving new funding of 
$3.75 million from Canada Northwest Energy Limited, 
(CNWE) of Calgary and DCC Equities, Ltd. of Toronto. 
CNWE explores for oil and gas on a worldwide basis. 
Its majority is controlled by TransAlta Resources 
Corporation, a wholly-owned subsidiary of TransAlta 
Utilities Corporation. 

Accompanying the transaction was the acquisition by 
ORS of a 70 percent interest in Western Electronic 
Systems, a Calgary based oil field servicing firm 
formerly too percent owned by CNWE. 

In order to further enhance the commercialization of 
Its technology, ORS entered into a one year research 
program with the Illinois Institute of Technology 
Research Institute (IITRI) in Chicago. The research 
will include further refining of existing technology 
as well as development of new applications using the 
base technology. 

The results of the project in Brazil are stated to be 
gratifying. The initial test well, which produced 
1.5 barrels of oil per thy for 56 days on unstimu-
lated primary production, has leveled off in excess 
of 12 barrels of oil per thy after introduction of 
the ORS process. As a result of this test, a three 
well program is planned to test the process on bet-
ter quality wells in northeastern Brazil. It is an-
ticipated that these wells will be drilled in Septem-
ber.

ORS plans to enter the United States market on a 
commercial basis Immediately. 

The Company moved its corporate offices from Tulsa, 
Oklahoma to Denver, Colorado in March, 1988. 

HUSKY BUYS CANTERRA 

Husky Oil Ltd. announced In June that through 
agreement with NOVA Corporation of Alberta and 
subject to Polysar Energy & Chemical Corporation 
shareholder approval, Husky will acquire the shares 
of Canterra Energy Ltd. now owned by Polysar and 
NOVA. These holdings, when added to the eight 
percent of Canterra now owned by Husky, aggregate 
to approximately 71 percent of the outstanding 
shares of Canterra. 

Husky then announced in August that it is making an 
offer to purchase all the outstanding ordinary shares 
of Canterra Energy Ltd. at a price of C$3.00 per 
share. 

Canterra's core operations are conducted mainly in 
Alberta and include the exploration for, and the 
production, transportation and marketing of, crude 
oil, natural gas liquids and natural gas and the 
production, transportation and marketing of sulfur. 
Husky intends ultimately to liquidate Canterra and 
fully integrate Canterra's operations with those of 
Husky. 

TERRA ENERGY COMPLETING FEASIBILITY STUDY OF 
SESA PROCESS 

Terra Energy Ltd., a subsidiary of Alberta Resource 
Capital Corporation, is carrying out a feasibility 
study of the Solvent Extraction Spherical-
Agglomeration (SESA) Process for recovering oil from 
mined Athabasca oil sands. Developed over the past 
14 years by the National Research Council of 
Canada,	 the process involves extraction of the 
bitumen by a naphtha solvent and concentration of 
the	 clay	 and	 sand	 particles	 by	 "spherical 
agglomeration." Improvements to the process have 
resulted from further laboratory and pilot testing 
carried out by Petro-Canada Inc., among others. 

Increasing Recoverable Rerv 

Preliminary indications of the economic aspects of 
the SESA Process are said to be favorable, suggest-
ing that at present oil prices, the process will per-
mit the economic recovery of bitumen from oil sands 
with average grades below nine percent compared 
with a cutoff limit of 10 percent for the current 
Rot Water Process.	 This small difference in the 
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average grade which may be processed economically 
means that an additional three to four billion barrels 
of synthetic crude oil, worth $90-$120 billion, could 
be produced from the mineable area of the 
Athabasca deposit. 

Economics 

The most significant benefit of the SESA Process is 
its ability to recover bitumen at high yields from 
medium and low grade oil sands where the current 
Hot Water Process simply is not applicable. The 
capital and operating costs of a commercial plant 
employing the SESA Process cannot be accurately es-
timated at this time. Compared with the Hot Water 
Process however, there will be improved recovery, 
savings in water requirements and substantial en-
vironmental benefits. 	 On the other hand, solvent
recovery will be an added cost in the SESA Process. 

The largest cost items in producing synthetic crude 
oil from Athabasca oil sands are those relating to 
the mining of the oil sand and the upgrading of the 
extracted bitumen. Extraction costs by the current 
Hot Water Process are only about 25 percent of the 
combined costs of mining and upgrading. This favors 
any extraction process which has a high percentage 
recovery from the mined oil sands since less 
material must be mined to produce a given quantity 
of recovered bitumen or synthetic crude oil 
(Table 1).

Teitnlcal Description 

The Solvent Extraction -Spherical Agglomeration (SESA) 
Process involves contacting mined oil sand with 
carefully controlled small amounts of water and a 
naphtha solvent in a rotating drum. The naphtha 
solvent extracts the bitumen while the water 
facilitates the agglomeration of the fine clay 
minerals with the sand particles. In a series of 
solids-liquid separating steps, a product consisting of 
bitumen dissolved in the naphtha solvent and a tail-
ings of agglomerated solids wetted with the naphtha 
solvent are produced. The naphtha solvent is 
recovered from the bitumen by conventional refinery 
distillation and from the tailings by evaporation. 
The process is illustrated in Figure 1.	 A
9.0 percent bitumen feed is assumed. 

Current Status 

While the SESA Process is proven in a scientific or 
technical sense, its economic feasibility remains to 
be confirmed. This is the step which is now being 
taken. With $500,000 grants from each of the Na-
tional Research Council and Alberta Oil Sands 
Research and Technology Authority, Terra is proceed-
big with the engineering design of a Demonstration 
Plant to process some 200 tons per day of oil sands 
feed and produce between 75-150 barrels per day of 
bitumen depending on the feed grade. 

TABLE 1

COMPARATIVE Bflttdfl PIflhJCTIcP4 COSTS 

Required Tons 
Of Feed Per Day To Cost Per Barrel 
Produce 30,000 b/d Of Bitumen 

Average Grade Rot Water Sesa Hot Water Sesn 
% Bitumen Process Process Process Process 

12% 46,000 45,000 $13.00 $12.50-14.00 
10% 62,000 54,500 17.00 15.00-17.50 

8% 89,000 60,000 24.50 19.00-22.00 
6% 153,000 93,000 42.50 25.50-29.50

The figures for the SESA Process are highly prelimi-
nary but do Include an allowance for the cost of 
recovery and makeup of solvent. They are subject 
to revision following completion of Phase lB of the 
current work. 

The estimates indicate that the SESA Process has 
the potential of saving $2-$4 per barrel of 
recovered bitumen (or synthetic crude oil) for oil 
sands with average grades in the 8-10 percent 
range.	 For a single plant producing 30,000 barrels 
per day this amounts to $20-40 million per year.

Work started In August of 1987 and is proceeding In 
three phases. Phase 1A is the preliminary engineer-
ing design, with a completion date of May-June, 
1988. Phase IS is a comparative study of two 
full-scale commercial plants, one using the current 
Hot Water Process and the other using the SESA 
Process.	 Capital and operating costs will be es-



timated for each by September-October, 1988. 

Phase 1C is the final and detailed engineering design 
of the demonstration plant. It will commence in 
August, 1988 (overlapping Phase 13) and be complete 
by January-February, 1989. 
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FIGURE 1 
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PDVSA STEPS LIP ORINOCO HEAVY CRUDE ACTIVES 

Petroleos de Venezuela, S.A., (PDVSA), in its Annual 
Report notes that during the past year, efforts were 
concentrated on laboratory and field pilot testing of 
production and transportation methods, and on the 
construction of the infrastructure required for the 
initial production of the hydrocarbons which lie in 
the Orinoco Belt.	 The objective is to devise ways 
to produce, transport and upgrade these non-
conventional hydrocarbons at the lowest possible 
cost. 

As part of this objective, installations were com-
pleted for the field testing of Orimulsion which is a 
new product consisting of non-conventional hydrocar-
bons, water and additives to reduce viscosity and 
provide a physically stable emulsion. Combustion 
tests carried out in Great Britain, Canada and Japan

have given excellent results. Demonstrations for 
other potential clients are being scheduled in the 
near future. 

Field tests for steam injection evaluation were con-
tinued, as well as the application of the core-flow 
technology for the transportation of this type of 
hydrocarbon. The latter involves the simultaneous 
pumping of highly viscous crude and water In order 
to form a ring of water around the hydrocarbon 
phase, Isolating it from the wall of the pipeline to 
reduce friction and pressure losses, thus eliminating 
the need for costly heaters and extensive pipeline 
insulation. 

Research and Development 

Petroleos de Venezuela continued to pursue the ob-
jective of strengthening its own technological 
capacity. The major part of this endenvor has been 
concentrated in INTEVEP, the research and develop-
ment subsidiary, and priority has been given to gen-
erating additional reserves of light and medium 
crudes, upgrading and transporting heavy and extra 
heavy crudes, conversion of residual fuels, non 
conventional fuels, industrial uses for natural gas, 
and the drilling of deep wells. 

As regards the upgrading and transport of heavy 
crudes, promising trials, on an industrial scale, were 
carried out to test recently developed emulsion and 
core flow techniques. Both will play an important 
part in reducing the costs of crudes produced from 
the Orinoco Belt. Equally encouraging were the 
results of the tests performed on the BOB Process 
for upgrading heavy crudes and of the processing of 
petroleum coke from Orinoco crudes, for the 
manufacture of anodes used in the aluminum in-
dustry. 

New agreements covering cooperation and the provi-
sion of technical assistance were signed by INTEVEP 
with the Mexican Petroleum Institute, Petrobras of 
Brazil and CEPE of Ecuador. 

Coal 

In a related activity, the first stage of the produc-
tion plan for mining coal from the Guasare field lo-
cated In Western Venezuela came into operation. 
Cumulative production at the end of December 
amounted to 117,500 metric tons, of which 
58,700 tons were exported in the last quarter of the 
year to customers in Italy and France. 

The production plan envisages progressive increases 
until a production of 6.5 million metric tons per 
year is reached. A letter of intent for a joint 
venture to produce and market the coal has been 
signed with an international consortium which in-
cludes the Atlantic Richfield Corporation of the 
United States, and Ente Nazionale Idrocarburi of 
Italy. 
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GOVERNMENT 

CANADA AND VENEZUELA TO COOPERATE IN HEAVY 
Oil. RESEARCH 

In August, a Memorandum of Understanding was 
signed on scientific-technical cooperation between 
the Alberta Oil Sands Technology and Research 
Authority (AOSTRA) of Canada and Petroleos de 
Venezuela, S.A. (PDVSA) of Venezuela. 

The agreement says that AOSTRA and PDVSA, In or-
der to promote the development of scientific and 
technical cooperation in the area of recovery and 
utilization of conventional and heavy oils, will assist 
one another in: 

- Scientific-technical information exchanges 

- Exchanges of specialists and technical ap-
prentices 

- Organization of lectures and symposiums 

- Consultations to discuss and analyze problems 
which are of mutual Interest 

- Establishing contacts with the specialists and 
organizations that are involved in the related 
problems 

- Other forms of cooperation, Including 
development of joint projects and programs, 
as well as know-how exchanges 

To supervise the execution of this Memorandum of 
Understanding, the two parties will establish a coor-
dinating committee: 

- Each party will designate up to three mem-
bers for the coordinating committee. The 
committee will meet as necessary, but at 
least once a year at locations in Canada and 
Venezuela, alternately. 

The Coordinating Committee will have the following 
goals: 

- To optimize the efforts of the parties in 
resolving outstanding technological problems 
related to the production and utilization of 
conventional and heavy oil; 

- To reduce the technical risks to either of 
the parties when new technologies are intro-
duced in the above mentioned fields; 

- To endeavor to shorten the time needed to 
develop and introduce new technologies in 
these fields.

DOE AWARDS TAR SAND MONIES TO UNIVERSITIES IN 
ARKANSAS AND UTAH 

As It was directed to do by Congress In the 1988 
omnibus budget bill, the United States Department of 
Energy (DOE) has awarded research grants to the 
University of Arkansas and the University of Utah. 

The $400,000 Arkansas research program Is for the 
purpose of advancing the technologies of the solvent 
extraction of southern United States tar sands. The 
project will develop data to allow the evaluation of 
the solvent bitumen extraction process, and to 
determine the feasibility of a pilot plant for the 
process. The University of Arkansas has put 
together a project team consisting of their own 
researchers, those of the Minerals Resources Institute 
In Alabama and those Of Diversified Petroleum 
Recovery, Inc. 

An Identical $400,000 award was made to the 
University of Utah. This research program Is for 
the purpose of advancing the technologies of the 
water-assisted and modified water-assisted, fluidized 
bed, fluidized-bed heat pipe coupled and rotary kiln 
processes for extracting bitumen from western tar 
sands in order that valid evaluations of their com-
mercial potentials are possible. The research is a 
continuation of research which has been conducted 
for many years at the university by the same 
research team. This team has several patents on 
related recovery processes, upgrading techniques, and 
catalyst uses. 

DOE MAKES SBIR AWARDS TO THREE COMPANIES 

The United States Department of Energy (DOE) 
selected three companies to receive funding for 
heavy oil research In this year's Small Business In-
novations Research (58111) program. 

DOE chose 135 proposals out of 1,214 submitted for 
phase-one funding In the 58111 program, which each 
year provides grants averaging $50,000 for six 
months in several energy-related research areas. 

The companies with proposals accepted under the 
area of heavy oil and tar sands are: 

- James W. Burger and Associates Inc. of Salt 
Lake City, to perform a feasibility study for 
the production of specification-grade asphalt 
from Utah tar sands 

- Kasevich Associates Inc. of Woburn, Mas-
sachusetts, for development of an In situ an-
tenna array applicator system for enhanced 
product recovery 
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R. L. Clampitt and Associates of Bartlesville, 
Oklahoma, to apply a novel steam-0O 2 com-
bustion process In heavy oil and tar sands 
reservoirs

Under the phase-one contract each firm will attempt 
to determine the feasibility of the proposed concept. 
Each is then eligible for phase-two funding that 
could total up to $500,000 for two years. 
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ENERGY POLICY AND FORECASTS 

ICE FORECASTS INCREASED HEAVY OIL RECOVERY IN 
THE U.S. 

In a study released early this year ICF-Lewin Inc. 
calculates that oil prices of $40-50 per barrel could 
result in almost 20 billion barrels of heavy 
(10_20 0 API) oil production in the United States. 

Recovery of that volume of oil will occur as it be-
comes feasible to apply thermal enhanced oil 
recovery technology in Alaska and other states out-
side California. Recovery will be 4.5-9.1 billion 
barrels even at $15-30 per barrel (Table 1). 

The study took only existing thermal enhanced oil 
recovery (ROR) technology into consideration. It said 
the United States had 100 billion barrels of heavy 
oil originally in place. 

About	 80	 billion	 barrels	 of	 that	 was	 In
248 reservoirs that individually contained 20 million 
barrels or more. 

About 51 billion barrels of the 80 billion barrels is 
In reservoirs outside the technical bounds of imple-
mented steam based EOR technology, the study con-
cluded. It estimates that about 38 billion barrels of 
that could be recovered with advances in thermal 
SOR technology, Improved process economics, and 
higher oil prices. 

Most of the large reservoirs are in California with 
42 billion barrels originally In place, Alaska with 
25 billion barrels and Wyoming with five billion bar-
rels.

Accumulations of one to two billion barrels are in 
Texas, Louisiana, Mississippi, and Arkansas. Smaller 
volumes are in Alabama, Colorado, Kansas, Montana, 
New Mexico, Oklahoma, and Utah. 

Oil companies produced 11.7 billion barrels of the 
80 billion barrels through 1985 and have booked an 
additional 4.9 billion barrels in heavy oil reserves. 

Thermal recovery will yield 2.1 billion barrels of the 
4.9 billion and conventional primary and secondary 
recovery the rest. 

Of the 11.7 billion barrels produced, 2.7 billion bar-
rels resulted from thermal enhanced oil recovery. 
The other nine billion barrels was produced by 
primary recovery, waterfloodlng, and steam soak, 
mainly in the higher gravity heavy oils. 

ICF-Lewin said 5.7 billion barrels of recovery can be 
expected at the massive West Sak deposit associated 
with Kuparuk River field in Alaska from deeper 
than 3,000 feet using In situ combustion if prices 
reach $40-50 per barrel. West Sak recovery could 
exceed that If advanced steam injection technology 
were developed. 

ICF-Lewin did not include in the study possible 
recovery of tar sands from known deposits such as 
Sunnyside in Utah, Big Clifty in Kentucky, and the 
San Miguel D reservoir in Texas. It estimated more 
than 60 billion barrels of bitumen in place in those 
reservoirs. 

TABLE 1 

NET HEAVY OIL RECOVERY FM THERMAL WE
(Million Barrels) 

Oil Price Ongoing Thermal New 
(1986 Devel- Undevel- New Steam In Situ 
$/bbl) oped Q2. Injection Combustion Total 

15 2,099 1,513 810 65 4,487 
20 2,099 2,014 1,217 1,466 6,796 
25 2,099 2,180 1,274 2,002 7,555 
30 2,099 2,499 2,269 2,209 9,076 
40 2,099 2,784 2,428 4,265 11,576 
50 2,099 2,945 2,462 11,873 19,379

U" 
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ALBERTA ERCB FORECASTS WAVE OF INVESTMENT IN 
1990'S 

The Alberta Energy Resources Conservation Board has 
issued its 15-year forecast Energy Requirements in 
Alberta, Supplementary Report 1988-2002. 

Conclusions in the report are based upon a forecast 
of increasing real prices for oil and gas. Two 
scenarios 'y ore developed, a High Case and a Low 
Case (Figure 1). The prices, expressed in 1987 con-
stant dollars, are projected in the High Case to be 
519.00 per barrel in 1989, increasing to $20.00 per 
barrel in 1990 and $28.03 per barrel by 2002. 	 In
the Low Case, the real price of crude oil is held at 
17.00 per barrel until 1990 then increased to 

$23.00 per barrel by 2002. 

FIGURE 1 

AVERAGE WELLHEAD PRICE 
OF ALBERTA'S OIL AND GAS 
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In the High Case, it is assumed that OPEC's produc- 
tion will reach the 19 to 20 million barrel per day 
level while non-OPEC production will remain at the 
existing 28 million barrel per day level. The growth 
in OPEC's share will allow the real price of crude 
oil to increase. In the Low Case, slower growth in 
oil demand worldwide will cause prices to remain 
within their recent range for another two to three 
years until dependency on OPEC rises sufficiently to 
sustain a real price increase. In this case, demand 
for OPEC crude oil is assumed to be between 17 to 
19 million barrels per day. 

By 2002, it is assumed that natural gas price parity 
with light and rneditLn crude oil will achieve 
70 percent in the High Case and 73 percent in the 
Low Case, up from 41 percent in 1987. 

New investment in the Alberta energy sector under 
the High Case, shown in Figure 2, is dominated by

FIGURE 2 

ALBERTA'S NEW
ENERGY IN VESTMENTS 
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oil sands, which peaks at $1.03 billion (1971 dollars) 
In 1995. Also significant at the beginning and the 
end of the 1990s is investment in petrochemicals. 
Pipeline investment becomes significant toward the 
end of the forecast period because energy prices by 
that time are sufficient to warrant development of 
oil and gas resources In the Arctic and construction 
of pipelines through Alberta en route to market. In 
the Low Case, energy-sector investment rises more 
gradually and smoothly over time because of less 
favorable energy prices and curtailed oil sands 
development. 

Integrated Mining Operatkx.s 

The forecast assumes that all of the debottlenecking 
now under way at Syncrude will be completed by 
1991, increasing annual synthetic crude oil capacity 
from, 7.4 million cubic meters in 1985 to 9.0 million 
cubic meters. As well, with debottlenecicing, 
Suneor's capacity will have Increased to some 
3.6 million cubic meters per year by 1991 (up from 
about 2.6 million cubic meters currently), and then 
to 4.0 million cubic meters per year in 1993. 
Neither of these debottlenecking programs are as-
sumed to be sensitive to the Board's price forecasts. 

With the High Case, a Syncriode expansion is assumed 
to commence production in 1994 at 2.0 million cubic 
meters, increasing to 3.0 million cubic meters in 
1995, and reaching full capacity in 1997 at 
4.0 million meters. 

One new oil sands project is assumed to begin 
production in 1997 at 1.5 million cubic meters, in-
creasing to 2.2 million cubic meters the following 
year, and reaching full capacity of 3.7 million 
meters in 1999. 
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In the Low Case, the Syncrude project would be put 
back from 1994 to 2000 and construction of an ad-
ditional project would not begin within the forecast 
period. 

In Situ Bitumen Production 

Bitumen production from in situ schemes (commercial 
and experimental) is forecast to Increase from 
8.2 million cubic meters in 1988 to 25.2 million 
cubic meters by 2002 under the high Case. 

Although production reaches 25 million cubic meters 
in 2007 under both cases, the pattern of expansion 
is different. In the High Case, the most rapid ex-
pansion occurs in the early 1990s; in the Low Case, 
this expansion occurs around the turn of the cen-
tury. 

Heavy Oil Upgrader 

The High Case assumes that a heavy oil upgrader 
comes on stream In 1999, with a capacity of some 
1.8 million cubic meters annually. This upgrader 
would not be built within the forecast period under 
the Low Case. 

Additional refinery capacity is not Seen to be it-- 

quired before the end of the forecast period. 
However, the average refinery utilization rate in Al-
berta Is predicted to reach 95 percent by 2002. 

Existing synthetic crude oil facilities are expected to 
run at close to capacity since they are newer and 
more efficient than the conventional oil facilities. 
Consequently, conventional oil refinery feedstocks are 
seen to make up the difference between total crude 
oil feedstock requirements and those of the facilities 
refining synthetic crude oil.

Energy Production 

The anticipated pattern of future energy resource 
production in Alberta is Illustrated for the High Case 
in Figure 3. Both - raw bitumen and natural gas 
grow rapidly; however, unlike bitumen, natural gas 
production starts to decline in 2002 as deliverability 
declines.	 Conventional oil production declines
throughout the forecast period as potential for major 
new discoveries Is reduced. Oil production under 
the high and Low Case price outlooks is not ex-
pected to be markedly different. 

Total raw bitumen represents the amount of non-
upgraded bitumen produced from in situ operations 
plus that amount upgraded to synthetic oil, including 
conversion losses. The forecast of upgrader bitumen 
requirements Is based on a synthetic crude oil yield 
of 81 percent for existing operations and 85 percent 
for new plants. Total raw bitumen increases from 
19.1 million cubic .neters in 1986 to 52.9 million 
cubic meters by 2002 in the High Case and to 
45.0 million cubic meters in the Low Case. 

FIGURE 3 

ALBERTA'S ENERGY
RESOURCE PRODUCTION 
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ECONOMICS 

SOCIAL BENEFITS SAID W MAKE REGIONAL UPGRADER 
ATTRACTIVE IN ALBERTA 

The Alberta Chamber of Resources (ACR) (formerly 
known as the Alberta Chamber of Mines) has had an 
Oil Sands Task Force at work for some time, 
evaluating the need and potential for new upgrading 
facilities in Alberta. A special session on the con-
cept of a regional upgrader for Alberta bitumen was 
held at the Fourth UMTAR/UNOP Conference on 
Heavy Crude and Tar Sands in Edmonton, Alberta, 
Canada in August. 

The t\CR points out that there are other upgrading 
alternatives to the integrated plant configuration 
which could support an orderly development of 
Alberta's heavy oil and oil sands resources. These 
alternatives include: 

- Integrated plants 

- Upgrading capacity additions to the existing 
oil sands plants 

- Upgrader Integration with refineries 

- Partial upgrading by field upgruden and 
centralized hydrotreating plants 

- Regional/central upgraders 

Various studies by the ACE member organizations in-
dicate that it is virtually impossible to generalize 
Vic merits or de merits of these options without 
specific development scenarios. However, during the 
last two years, the Oil Sands Task Force made a 
serious attempt to identify the mar advantages and 
disadvantages of these options and published its 
findings in a report. The regional upgrader option 
appeared to be the most favorable. 

Early last year, the Task Force completed a prelimi-
nary study for determining the representative costs 
of oil sands projects. The study showed that (a) 
synthetic crude oil (SCO) from oil sands could be 
produced at C$30-$32 per barrel and (b) based on 
the social supply cost of SCO, the concept of a 
regional upgrader with satellite production facilities 
would be competitive with the integrated mega 
project approach. It would also offer a more affor-
dable development opportunity. 

During the last year the Task Force has made public 
presentations and tact with the representatives of 
the Alberta and federal governments to emphasize 
the need for bitumen/heavy oil upgrading capacity 
and to publicize the advantages of the proposed 
concept of regional/central upgraders. 

The proposed concept involves the establishment of a 
regional upgrader in Alberta as a common facility 
for processing bitumen feedstock supplied by a num-

ber of mineable oil sands and in situ production 
operations. 

Advantages of the Proposed Concept 

The concept of a regional upgrader and satellite 
production facilities Is said to offer many potential 
benefits and opportunities: 

- The concept will	 allow	 greater	 development 
of	 oil sands resources.	 There	 are	 eight 
lenses In	 the Athabasca	 region	 which	 ii Oil hI 
possibly support	 a	 100,000	 barrel	 per	 day 
plant. There may be as many as 20 leases 
which could support	 one	 or	 more 
15,000 barrels per day operation.

- The concept provides the opportunity for 
Canada to replace declining conventional 
reserves with Athabasca oil sands In an or-
derly and continuous manner. Synthetic 
crude will increase in linportanci, as conven-
tional supplies dwindle. 

- Decoupling of upgrading from bit'i.nen produc-
tion reduces risks, simplifies basic plants and 
accelerates full production. Production 
facilities can seek their own economy of 
scale independently of total feedstock re-
quirements for an integrated upgrader. 

- The concept will provide opportunities for 
small leaseholders and small Alberta/Canadian 
companies to develop leases due to tile 
smaller size and modest capital requirements 
of the satellite production facilities. 

- The concept provides the opportunity for 
continued development of the Athabasca oil 
sands resources by nodular increments. This 
allows shorter construction schedule., and 
early operating cash flows may be reinvested 
to support further expansion. 

- The regional upgrader will provide a ready 
outlet for bitumen production. The danger 
of saturating existing Canadian refineries can 
be reduced by upgrading to a higher quality 
synthetic crude oil. 

- The concept will provide business oppor-
tunities for the Canadian labor force, en-
gineering, construction and manufacturing 
sectors. 

- The job creation capabilities can be measured 
as follows: each 10 barrels per day plant 
capacity equates to one job, for every four 
jobs created, two jobs will be in Alberta, 
one in Ontario/Quebec and one elsewhere in 
Canada. 
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- The concept will provide the opportunity for 
new and existing mining and extraction tech-
nologies to be utilized in the smaller satel-
lites without excessive technical or financial 
risks. 

Recent Case Studies 

In order to establish the economic significance of 
various factor such as location, size and integration, 
the upgrader module was evaluated within the con-
text of tour different cases. 

Case 1 reflects a stand-alone upgrader in the Ed-
monton area, employing high conversion, hydrogen 
addition technology and processing 30,000 barrels per 
day of teed material. Diluent Is used to assist 
pipeline transport of feedstock to the upgrader plant 
gate with diluent recycle to the production satel-
lites. The plant produces 31,200 barrels per day of 
synthetic crude oil. 

Feed is obtained from satellite production facilities 
located in either the Cold Lake or Athabasca regions 
of Alberta. Each facility has a design production of 
15,000 barrels per day and a given region can 
provide up to 100 percent of the upgrader teed re-
quirements. Satellite production is based on either 
in situ steam injection technology (Cold Lake) or 
mining and extraction in conjunction with the Clark 
Hot Water process for bitumen recovery (Athabasca). 

Case 3 is identical to Case 1 with the exception 
that the capacity of the upgrader has been in-
creased to 60,000 barrels per day. 

Cases 2 and 4 locate the upgrader in the Fort 
McMurray area where feedstock is supplied by 
mining/extraction satellites. In Case 2 the upgrader 
is partially integrated with a 15,000 is rrels per day 
reining/extraction plant and in Case 4 the upgrader 
exists as a stand-alone facility. 

Summary results were presented in terms of a 
"supply cost" which may be defined as the price 
(unit revenue) per barrel of synthetic crude 
produced, required to meet all costs over the life of 
the project, discounted at a social rate of return of 
10 percent excluding taxes, royalties, depreciation 
and inflation. 

Expressed in Canadian dollars per barrel of synthetic 
crude produced, the supply cost for upgrading ranged 
from $11.48 per barrel for the large scale upgrader 
(Case 3), Edmonton, 60,000 barrels per day stand-
alone to $14.22 per barrel (Case 4). 

For the smaller stand-alone plants, the impact of 
location on the cost of upgrading favors Edmonton 
over Fort McMurray. The Edmonton site provides a 
cost of upgrading of $1.23 per barrel less than the 
associated cost for Fort McMurray. Approximately 
50 percent of this differential arises from the lower 
labor productivity associated with Fort McMurray. 
Another 26 percent is due to the cost of the con-
struction camp relative to bussing costs in Edmonton,

and the remaining 24 percent arises from higher 
freight charges and operating and maintenance labor 
rates. 

In Case 2, partial integration reduced the cost of 
upgrading by approximately $0.70 per barrel to 
$13.53 per barrel from $14.22 per barrel for a 
stand-alone facility. It is expected that full in-
tegration would reduce the cost of upgrading by a 
similar margin to about $12.80 per barrel, $1.40 per 
barrel less than the cost for a stand-alone upgrader 
in Fort McMurray and $0.20 per barrel less than a 
stand-alone facility in Edmonton. 

Economies of scale for the 60,000 barrels per day 
upgrader (Case 3) reduces the cost of upgrading to 
$11.48 per barrel, approximately $1.51 per barrel 
less than the cost for the smaller Edmonton Based 
plant (Case 1). 

Estimated capital requirements for these cases ranged 
from about C$19,000 per barrel of daily capacity for 
the 60,000 barrels per day stand-alone upgruder in 
Edmonton to about C$25,000 per barrel of daily 
capacity for the stand-alone upgrader in Fort 
McMurray. 

CaebisIcns 

The ACE says that the evaluation confirms the 
viability of the regional upgrader concept. Based on 
the supply cost method of economics, the cost of 
synthetic crude (SCO) production would be in the 
range of C$20.11 to C$33.66 per barrel of SCO. 
This range reflects the cost of the product delivered 
in Edmonton and expressed in 1987 dollars. 

The supply costs for the various cases do not show 
significant differences between mining/extraction and 
in situ operations as feedstock sources. The cost 
variance attributable to the existing infrastructure 
and larger labor base, which are available for an 
Edmonton location are counter-balanced by the 
benefits of shorter pipeline distances for a Fort 
McMurray location. The effect of heat integration 
is identifiable, but not large enough to be a major 
Influencing factor. The effect of size difference is 
significant, I.e., about C$2.74 per barrel; however, 
this is partly attributable to the pipeline size. Fur-
thermore, the larger capacity requires higher front 
end capital. 

Measured strictly by the return on investment, the 
construction and operation of an upgrader Is not 
economical under the current oil price scenario. 
The current value of upgrading bitumen is estimated 
to be in the range of C$6-7 barrel which is 
measured by the price differential between light oil 
and heavy oil prices. 

Measured in terms of social benefits, however, the 
ACE believes the construction and operation of an 
upgrader, together with the supporting bitumen 
production and transportation facilities, offer im-
mense returns to Alberta and Canada. Unfortunately, 
these returns are not available to the developers. 
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The Task Force intends to further define its work 
and will attempt to develop a business plan for the 
implementation of the concept. 

Inclusion of social benefits in the measure of return, 
would make the concept very attractive to the 
gover;%:nents even ut the present crude oil prices. 

The Task Force has identified and debated the 
various options for government assistance for the 
upgrnder.
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TECHNOLOGY 

ETA COMPLETES 36-DAY 1T OF GEOTREATER 
TECHNOLOGY 

Resource Technology Associates (RTA), of Boulder 
Colorado, reported successful results from a 36-day 
run of its 50 barrel per day Geotreater Process pilot 
plant at Hazen Research Inc., in Golden, Colorado. 

An engineering study Santa Fe Braun Inc. conducted 
for RTA on 10,000-50,000 barrels per day Geotreater 
units is said to have showed significant commercial 
potential, especially in Canada. 

The Geotreater process entails mild thermal treat-
ment of heavy crudes in the field In a vertical 
tubular reactor/heat exchanger sunk as much as 
5,000 feet In the ground. The major objective is to 
improve the crudes' transportability by lowering the 
viscosity and pour point and Increasing API gravity. 

ETA is a partnership of Occidental Petroleum 
Corporation's Midcon Corporation, Burlington 
Northern's Research Applications Inc., Williams Tech-
nologies Inc., and Clark Technologies Inc. ETA is 
negotiating possible ventures with several operators 
for a commercial field project. 

Pilot Facility 

The RTA plant Involves a reactor system, a 
2,000 foot vertical tubular reactor/heat exchanger 
suspended iii a 2,000 foot 15 inch diameter well, 
and associated feed/handling facilities. 

It applies both indirect and direct heat to treat 
hydrocarbons like Alberta Cold Lake bitumen of 
11.5 0 gravity and 28,000-35,000 centipoise viscosity. 

The untreated bitumen descends through the center 
tube to the vertical heat exchanger and returns 
treated up the annular space Inside the outer tube. 

At the bottom of the string is a reactor section 
where a small amount of oxygen is injected to heat 
the feedstock. 

RTA processed 1,550 barrels of bitumen, targeting a 
viscosity reduction to 1,000 centlpolse, which would 
allow a 50 percent cut In diluent need for pipeline 
transport. The pilot run yielded a viscosity of 
612 centipolse, boosted gravity to 13.6 0 , and cut 
pour point by more than 40 0 C. 

Economics 

ETA estimates a commercial, 10,000 barrel per day 
Geotreater would cost about $4 million without sur-
face treating facilities. 

Surface	 treating	 facilities	 could	 cost	 another 
$9 million.	 The cost per barrel of capacity would 
drop	 in	 half	 with	 a	 design	 capacity	 of

50,000 barrels per day.	 Operating cost at that 
scale would be about 13 cents per barrel. 

ETA estimates that reducing diluent from the usual 
30-35 percent to 15 percent would reduce costs of 
Canadian bitumen and heavy oils by $1.75 per barrel 
in condensate costs. Lowering the diluent level 
would also reduce pipeline transportation costs by 
70 cents per barrel.

## It It 

ROPE PROCESS DEVELOPED FOR RECOVERING OIL 
FROM TAR SAND 

Western Research Institute (WRI) of Laramie, Wyom-
ing, Is developing a new pyrolysis process called 
ROPE, (recycled oil pyrolysis and extraction) for 
recovering products from tar sands that require a 
minimum of upgrading to become finished, marketable 
fuels or that can be used as a diluent to decrease 
the viscosity of bitumen for pipeline transportation. 
The process consists of two pyrolysis steps: (1) 
retorting tar sand at a temperature lower than 
420° C In the presence of added bitumen and 
recycled product oil, and (2) completing the pyrolysis 
of the residue at a temperature higher than 420 0 C 
in the absence of recycled product oil. 

Three tar sand resources, Asphalt Ridge, Utah, Sun-
nyside, Utah, and Athabasca, Canada, have been in-
vestigated. Results were discussed at the Fourth in-
ternational Conference on Heavy Crude and Tar 
Sands in Edmonton, Alberta, Canada and at the 
American Institute of Chemical Engineers meeting in 
Denver, Colorado, both held in August. 

The ROPE Process is claimed to assist other surface 
and in situ recovery process economics by producing 
a diluent to decrease the pour point of produced 
bitumen for pipeline transportation. The ROPE 
process also produces a solvent which can be used 
for solvent extraction processes. 

To develop the ROPE Process, WRI has constructed 
and operated a two-Inch diameter process develop-
ment unit (FDU) using screw reactors, and also a 
six-inch diameter bench-scale screw reactor system 
which has a capacity of 50 to 100 pounds per hour 
throughput. The design of the six-inch unit is 
shown in Figure 1. 

An initial screw conveyor controls the feed rate of 
tar sand into the reactor system. The second screw 
conveyor preheats the tar sand to about 500 0 F in 
the presence of product oil and the bitumen is ex-
tracted from the sand. 

The slurry of sand, bitumen, and product oil then 
enters the pyrolysis screw.	 Heavy oil is recycled 
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FIGURE 1 

SIX-INCH ROPE PROCESS UNIT 

countercurrently to the incoming slurry and pyrolysis 
of the total mixture - occurs. 

Residual hydrocarbons on the sand that escape ex-
traction and evaporation in the screw pyrolysis reac-
tor are pyrolyzed at a higher temperature in the 
fourth screw conveyor. This final pyrolysis tempera-
ture Is controlled to produce a dry material contain-
ing only residual carbon and mineral matter. 

Results and Discussion 

In addition to the two-inch POD tests, a five-day 
test was conducted in the six-inch bench-scale unit 
using Asphalt Ridge and Sunnyside tar sands to 
determine the oil yield and product oil characteris-
tics at the steady-state condition. 

The Asphalt Ridge tar sand used in the test con-
tained	 10.81	 weight percent of bitumen and 
10.91 weight percent of total organics. 	 The spent 
sand contained 1.22 weight percent of coke. 	 The 
oil yield obtained from	 the steady state is 
83.3	 weight	 percent	 of	 total	 organics	 or 
84.1 percent of bitumen in the tar sand.	 The oil
Yield was 106 weight percent of Fischer Assay yield 
and	 compares	 favorably	 with	 other	 pyrolysis
processes.

Use of ROPE Oil as a Bitumen Diluent 

To evaluate the possibility of using ROPE product oil 
produced from the ROPE Process as a diiuent for 
bitumen in transportation, bitumen produced by 
Syncrude Canada was mixed with the various amounts 
of product oil from the Athabasca oil sand test. 
Pour points of these mixtures were then measured. 
If the bitumen produced by Syncrude Canada contains 
about 15 percent ROPE product oil, the mixture 
meets the pipeline specification pour point (32 0 F). 

RECOVERY OF CIRCLE CUFFS TAR SAND PROVES 
DIFFICULT 

The Department of Fuels Engineering at the Univer-
sity of Utah has been investigating recovery methods 
for the Circle Cuffs tar sand deposit in Utah (see 
Figure 1). F. Hanson reported to the American in-
stitute of Chemical Engineers symposium on synthetic 
fuels technology that a commercial recovery system 
for this deposit will be unusually difficult to devise. 

3-22	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



FIGURE 1 

MAJOR TAR SAND DEPOSITS
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The Circle Cliffs tar sand deposit was subjected to 
fluidized bed pyrolysis studies. The Circle Cliffs tar 
sand, being of marine origin, was expected to be 
comparable to the material from the Tar Sand Tri-
angle deposit which had been used as a feedstock in 
previous studies. 

The Circle Cliffs tar sand	 material was	 also selected 
for study because	 of the paucity of data	 regarding 
the	 native bitumen	 in the	 literature. A	 gross	 es-
timate	 of the bitumen In place has been reported as 
1.306	 billion	 barrels.

A summary of the reported physical and chemical 
properties of the native Circle Cliffs bitumen is 
presented in Table L. 

Determinatla, of Bitumen Saturation 

Bitumen saturations are routinely determined by 
either a solvent extraction technique or by a 
pyrolysis technique. However, the extraction and 
pyrolysis techniques yielded significantly different 
results for the bitumen-impregnated sandstone from 
the Circle Cliffs tar sand deposit. The bitumen 
saturation determined by pyrolysis was 5.97 weight 
percent and by toluene extraction was 3.33 weight 
percent.

The presence of connate water complicates the 
determination of the bitumen saturation by the 
pyrolysis technique, thus, considerable caution must 
be exercised in viewing the data, Initially It was 
presumed that the Circle Cliffs tar sand samples had 
contained a substantial amount of connate water 
(> two weight percent). However, Dean-Stark water 
analysis indicated an order-of-magnitude less connate 
water (> 0.2 weight percent). 

A second series of determinations consisted of ex-
traction followed by pyrolysis. The weight loss 
determined in the toluene extraction step was at-
tributed to toluene extractable hydrocarbon and 
heteroatom species, and the weight loss determined 
in the subsequent pyrolysis step was attributed to 
water bound to the mineral matter present in the 
solid matrix. The bitumen saturation was determined 
for a number of samples and an average value of 
3.6 weight percent was obtained. 

The presence of bound water in the mineral matter 
was later confirmed in the fluidized bed pyrolysis 
reactor experiments. 

Nature of Circle C liffs Mineral Matrix 

The high yield of water obtained during the prelimi-
nary fluidized bed pyrolysis experiments with the 
Circle Cliffs tar sand led to an investigation of the 
nature of the Circle Cliffs tar sand mineral matter 
matrix.	 During the pyrolysis of the other Utah tar 
sands virtually no water was produced. it was 
found that the major difference between the Circle 
Cliffs tar sand and the other tar sands is the 
presence of about 14 percent kaolinite as it com-
ponent of the host rock. The production of sig-
nificant amounts of water occurs during pyrolysis 
despite the absence of significant amounts of con-
nate water. The kaolinite holds water and does not 
release it until the material is heated to 500 0 C. 

A second effect due to the presence of kaollnite in 
the host rock Is the possibility of catalytic activity 
as bound water is liberated and the kaolinite is 
calcined. 

Fluidized Bed Pyrolyals 

A series of fluidized bed pyrolysis experiments were 
conducted with the Circle Cliffs tar sand. The 
produced water yield increased with increasing 
pyrolysis temperature, 'and the produced hydrocarbon 
liquid declined with increasing pyrolysis temperature 
above 823 K. The hydrocarbon gas yield increased 
with increasing pyrolysis temperature above 823 K. 
Above 823 Ii the CO 2 yield also increased sig-
nificantly as the mineral carbonates decomposed. 

According to the Utah researchers, several significant 
observations can be made with regard to the 
pyrolysis experiments. These observations may be 
related to phenomena not previously observed with 
the Uinta Basin or Tar Sand Triangle tar sands. The 
kaolinite "calcination" process in the fluidized bed 
may have activated a portion of the kaolinite such 
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TABLE 1 

NATIVE BITUMEN PROPERTIES FOR 
CIRCLE CLIFFS TAR SAND 

Rttunnn Content, WI. 
API Gravity, *API 
Viscosity (T, °F), cps 
Conradson Carbon Residue, Wt. 96 
Ash, Wt. % 
Sim lated Distillation 

Volatility 
II3P-400 0 F, Wt. % 
400-650 0 F, Wt. 96 
650-1000 0 F, Wt. 96 
1000°F-f 1 Wt. 96 

Pour Point, OF

3.6 
14.3 

23,012 (1940F) 
23.3 

0.1 

31.7 
0.0 
3.4 

27.8 
63.8 

138.0 

that it functioned as a "cracking catalyst which 
converted higher molecular weight hydrocarbon 
species to lower molecular weight hydrocarbon gases, 
thus causing a shift in the product distribution from 
produced liquids. The potential catalytic activity of 
the t:aolinite-containing tar sands has been confirmed 
in preliminary experiments. 

As a result It was concluded that the presence of 
kaolinite in reservoir rock probably excludes fluidized 
bed and rotary kiln pyrolysis as recovery techniques 
for the Circle Cliffs tar sand deposit. Also, the 
presence of kaotiriita probably excludes in situ com-
bustion as a feasible recovery technique for the 
Circle Cliffs deposit. 

Furthermore, surface recovery by aqueous separation 
and solvent extraction techniques are probably ex-
cluded due to the low saturation of the Circle Cliffs 
deposit. 

If the kaolinite can be maintained in an inactive 
state by presence of high pressure water vapor, then 
steam Injection technology may be a feasible 
recovery technique. 

POST-RECOVERY PROCESSES EVALUATED FOR 
HASDRIYE SYSTEM 

The Heated Annulus Steam Drive (}lASDrive) process 
is being developed by Chevron for in situ production 
from immobile tar sands. It is currently being 
tested at the Alberta Oil Sands Technology and 
Research Authority's Underground Test Facility north 
of Fort McMurray, Alberta, Canada. 

Variations on the basic liASDrive system were dis-
cussed by Chevron at the UNITAR/UNDP Conference 
on heavy Crude and Tar Sands in August.

Developing and - maintaining injector-producer com-
munication Is one of the most difficult technical 
aspects for an In situ tar sand recovery process 
that relies on a fluid drive production mechanism. 
In the IlASDrlve concept, communication is first 
developed and sustained by creating a heated annulus 
around a horizontal non-perforated wellbore through 
which steam is circulated. Bittimeti production is 
then effected by means of a conventional steam 
drive where the vertical injector and producer are 
located at opposite ends of the heated annulus. 

Resource Factors 

The four major oil sands of Alberta are the 
Athabasca, the Cold Lake, the Peace River, and the 
Wabasca deposits estimated to contain respectively 
720, 159, 64, and 24 billion barrels of bitumen in 
place.	 The three larger deposits have commercial 
ventures ongoing. The Cold Lake and Peace River 
deposits are being produced using in situ techniques, 
while in the Athabasca deposit only surface mining 
recovery processes are commercial. 

Within the Athabasca deposit only about 15 percent 
of the resource Is considered to be economically 
producible through surface mining techniques. For 
the remainder of the deposit the ratio of overburden 
to oil sand plant feed is too large to be economic. 

According to Chevron, the principal reasons why in 
situ techniques have not been developed commercially 
In the Athabasca deposit are: 1) the generally shal-
low depth, 2) the high saturation with five million 
centipoise viscosity bitumen, and 3) the lack of sig-
nificant injectivity to hot fluids. 

Most of the laboratory physical modeling of in situ 
Athabasca bitumen recovery processes reported in the 
literature are based on the premise that an 
Injector/producer	 communication path	 could	 be 
developed in the actual reservoir. 	 Very few
laboratory experiments have been reported In which 
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the principal objective was to study communication 
development in an initially immobile tar sand. 

With this in mind, Chevron began In 1973 a series 
of seeping experiments consisting of elemental physi-
cal models using tar sands from various United 
States deposits and from deposits In other parts of 
the world. 

BASDrivc Concept 

If one could circulate steam through a horizontal 
conduit placed in a tar sand formation between an 
Injector and producer, then a heated annulus would 
be formed around the conduit creating a zone of 
reduced bitumen viscosity. Steam injectivity would 
then be allowed by the zone of Increased bitumen 
mobility.	 Fluids would move along the annular
region around the horizontal conduit toward the 
producing well.	 A combination of steam drive and
gravity drainage mechanisms contribute to bitumen 
and steam condensate production. This concept is 
illustrated schematically in Figure 1. The horizontal 
conduit is not perforated so there Is no fluid com-
munication between the steam in the conduit and 
the formation. 

Chevron refers to the process concept as the Heated 
Annulus Steam Drive Process, or lIASDrive. The 
closed conduit is referred to as the Heated Annulus 
Steam pipe or HAS pipe. 

In the horizontal mode, two factors limiting produc-
tion are the low pressure gradient Imposed by injec-
tion pressures being held to less than fracture pres-
sure, and the slow development of the Increased 
mobility annulus through the process of conduction 
and convection In a highly viscous tar sand. It is 
possible that production could be enhanced during

the initial phase of a iIASDrive process by using a 
perforated HAS pipe (Figure 2). After circulating 
steam in the producer, heat communication would be 
developed towards the HAS pipe and injection steam 
would exit the HAS pipe and drive bitumen toward 
the producer. The close proximity of the packer to 
the producer would allow high pressure gradients, 
thereby accelerating early production. On approach-
ing steam breakthrough the packer would be 
retracted some distance so that drive steam would 
exit the HAS pipe a greater distance from the 
producer. By executing a sequence of packer 
retractions the areal sweep could be steadily 
developed and the overall steam oil ratio maintained 
at acceptably low levels. 

Post HASDrive Floods 

Laboratory experiments were conducted on different 
HASDrive configurations In 6.25 inch inside diameter 
pipe with lengths of 30 inches, five feet and 
30 feet, placed In sand pack vessels. 

For a given set of operating conditions, there was 
no difference In overall bitumen recovery for the 
various lengths of apparatus employed. 

The capacity of the 30 foot vessel was 650 to 
700 pounds of tar sand. Overall bitumen recovery 
in most cases was around 55 percent. 

Significant bitumen recovery generally ceased after 
steam breakthrough. 

While liquids could not be easily injected into any 
of the fresh oil sand packs, they were readily in-
jected after steam breakthrough. A variety of sur-
factant formulations were evaluated as post ilASDrive 
residual bitumen recovery processes. 	 Nonionic sur 
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factants in general performed better than tonic 
types.	 The highest recoveries were obtained with 
formulations	 containing polyoxyethylated	 isooctyl 
phenol.	 Results of a typical post ilASOrive surfac-
tant flood are shown in Figure 3. The overall 
bitumen recovery was increased from 48 percent at -
tributable to HASDrive to 86 percent as a result of 
surfactant and steam following tiASOrive. 

These results were obtained using a one half pore 
volume of surfactant with the following aqueous 
composition: 

- Triton X-100	 0.5 percent 
- Sodium hydroxide	 2.0 percent 
- Sodium chloride	 5.0 percent 

Chevron has concluded that nonionic surfactant 
flooding after steam breakthrough can recover a sig-
nificant portion of the residual bitumen.

FIGURE 3 
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INTERNATIONAL 

MADAGASCAR CONSIDERS BEMOLANGA TAR SANDS 
ECONOMICALLY FEASIBLE 

The Democratic Republic of Madagascar is an oil im-
porting country.	 To remedy this situation, the 
Malagasy	 Government	 Intends	 to	 exploit	 the
Bemolanga tar sands. 

In order to satisfy its annual petroleum demand, 
Madagascar needs about 7,660 barrels per day of 
refined products. This is currently derived from im-
ported crude oil. 

In order to replace the imported oil by synthetic 
crude produced locally and to evaluate its effect on 
the national economy, an analysis of production of 
7,600 barrels per day of marketable products from 
Bemolanga tar sands was undertaken. 

The tar sand feed required would be 25,000 tons per 
day with a feed grade of six percent bitumen, using 
a thermal process with a rate of recovery of 
71 percent. 

The Taciuk Process for thermal treatment of tar 
sands was chosen for bitumen extraction. 

Cost Estimate 

The total investment for the project is evaluated at 
US$323.8 million. The cost of production is es-
timated to be US$23.57 per barrel Including Interest. 

Over the 25-year life of the project, the savings in 
foreign exchange for imported crude would be 
$1.4 billion.	 Subtracting capital, 	 interest and 
operating costs, the Malagasy State could save 
US$305.2 million from the production of 7,600 barrels 
per day of synthetic crude over 25 years. 

The internal economic rate of return of the project 
is about 26.7 percent whereas the national economic 
rate of return Is 19.3 percent. 

These effects are due to the use of products and 
services provided by the activities upstream of 
Bemolanga project such as 

- Public works and buildings 
- hydrocarbons 
- Electric energy 
- Maintenance 
- Insurance 

At the production unit level, the high capital invest-
ment required influences the financial profitability of 
the project. To make the project acceptable, the 
cost of synthetic crude produced should be about 
US$17 per barrel and its selling price between US$22 
and 25 per barrel. 

At the national economy level, with a production 
cost of up to US$25 per barrel Including 15 percent

interest, the project is still profitable for Madagas-
car because it contributes to its economic growth 
but beyond this price, it would result in a great 
charge to the consumers. 

NIGERIA URGED It DEVELOP TAR SAND RESOURCES 

The Nigerian Government has been urged to set up a 
body to handle the exploitation of the country's tar 
sand	 resources. Professor Adegoke of	 Obafemi 
Awolowo	 University, Ile -Ife, suggested that	 rapid 
development	 would save	 the country	 huge	 sums	 of 
foreign	 exchange, currently spent	 on imports	 of 
heavy crude oil.

He estimates that about 10 billion barrels of oil are 
contained in a 17 square kilometer area of Ondo 
state, where he carried out a series of studies. 
Available technology could be employed for the mm-
lag of tar sand up to 50 meters deep. 

Adegoke said that, assuming an 85 percent recovery 
factor, the large deposits of tar sand reserves in 
the country could supply all the heavy crude oil 
needed for the country's lubricant plants. 

The professor put the cost of constructing a 
medium-sized tar sand plant at about $4 billion. He 
stressed that the project could provide employment 
for about 5,000 Nigerians and would extend the 
country's crude oil reserves. 

TURKISH OIL FIELDS MAY BE CANDIDATES FOR IN 
SITU COMBUSTION 

A paper given at the 39th Annual Technical Meeting 
of the Petroleum Society of CIM in Calgary in June 
presented some data on laboratory tests of both dry 
and wet combustion on three different Turkish heavy 
oils. Combustion tube tests were run on crude oils 
from the Adlyaman, Raman and Camurlu fields in 
Turkey. Properties of these oils are given in 
Table 1. 

Camurlu field has a reserve of 377 million barrels 
while Raman field has 400 million barrels and 
Adiyaman field has 72 million barrels of oil in place. 
The primary recovery is about one percent for 
Camurlu heavy oil while for Raman 12 percent and 
for Adiyaman 10 percent recoveries are estimated. 
Results of the combustion tube tests predict that 
application of dry and wet combustion processes to 
these fields will enhance the oil production and will 
result In recoveries up to 40-70 percent of original 
oil in place. 
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TABLE t 

PROPERTIES OF 1'IJIlKISH CRUDE OILS 

Spec!! Ic 
Crude Oil Type	 Tceperature (C) 

Cannrlu	 20 
38 
50 

Raman	 20 
38 
50 

Adiyannn	 20 
38 
50

Gravity	 Viscosity 122! 
0.9981 64,000 
0.9831 17,000 
0.9732 7,000 

0.9422 52,000 
0.9351 6,800 
0.9291 1,800 

0.8950 64 
0.8850 30 
0.8750 17

011 recoveries were plotted as a (unction of the API 
gravities as shown in Figure 1. For both dry and 
wet combustion, oil recovery was higher for the 
lighter crude. This is thought to be due to more 
efficient distillation phenomena as well as efficient 
displacement ahead of the front. In this study, the 
oil recovery was low at high WAR (water/air ratio). 
This was due to unburned fuel deposition on sand 
matrix behind the combustion front because of higher 
injected WAR's.

FIGURE 1 
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NEW ThERMAl. OIL MINING TECHNIQUES DEVELOPED AT 
TA KEG A 

Mining assisted recovery of heavy oil has been prac-
ticed in the Yarega oil field in the Soviet Union 
since 1939. A history and status report on the 
project was given at the UNITAIL/I.Jt4DP Conference 
on Heavy Crude and Tar Sands held in Edmonton, Al-
berta, Canada In August. 

The Yarega oil field, located 1,300 kilometers north-
east of Moscow in the Komi ASSR, was discovered in 
1932. 

The productive formation of the field, lying at 
depths of 200 meters, is represented by quartz 
sandstones.	 Average net thickness is 26 meters, 
porosity--20 percent,	 oil sauratlon--87 percent, 
average permeability--3.17 mkm .	 Oil viscosity at
reservoir temperature is 12,500-15,300 MPa. Sec. 

Pilot production was initiated in t935 by conven-
tional techniques with well spacing from 75 to 
too meters. The achieved oil recovery did not 
exceed two percent in the developed area. 

At the end of the 1930s it was decided to develop 
the oil field by the mining technique. For this pur-
pose three shafts were sunk. 

In the first stage from 1939 until 1954 the central 
areas of the field were developed using the so-
called "Ukhta system". Here the overburden, located 
20-30 meters above the top of the producing reser-
voir, was drilled out by close-spaced wells.	 The 
distance	 between	 well	 bottom	 holes	 was
12-25 meters. 

In the second stage from 1954 until 1974 the field 
development was carried out by the "inclined-hole 
system." From an operating mined gallery located in 
the producing reservoir, the latter was drilled out 
by horizontal, gently inclined and rising wells.	 The 
distance	 between	 well	 bottom	 holes	 was
15-20 meters. 
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With these two systems, called the natural mining oil 
field development	 system, more than	 92 thousand 
wells were	 drilled.	 The length of	 the wells	 was 
from 40	 to	 200	 meters. With the	 help of	 those 
wells only	 7.4	 million	 tons of	 oil was produced; and 
the achieved oil	 recovery factor was	 less than four 
percent.

At the beginning of the 1970s all the Yarega field 
areas within the limits of the mines were worked 
out by the natural systems and the oil shafts were 
practically shut in. 

The third stage of the Yarega oil field development, 
using the thermal mining technique began in 1972, 
when the thermal mining techniques were applied in 
all the three mines. The technique most commonly 
uses is the double-level system.	 From a mine 
gallery in the overlying formation, located 
20-30 meters above the pay bed top, steam is in-
jected Into the reservoir through vertical and in-
clined wells. Oil withdrawal is through gently rising 
horizontal producing wells 100-250 meters in length, 
drilled from production galleries located inside of 
the pay bed (Figure 1). 

FIGURE 1 

YAREGA TWO-LEVEL SYSTEM
OF THERMAL MINING 
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Injection wells 

NI formation 
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Experience at Yarega has shown the thermal mining 
technique to be highly efficient. The ultimate oil 
recovery factor increases up to 45-55 percent 
against four percent for natural mining development, 
and two percent for conventional oil production from 
the surface under natural drive. 

Underground wells (vertical, slanted, horizontal) can 
be drilled to a substantial depth. The PBS-2T drill-
ing machine drills underground wells to a distance of 
300 meters along the reservoir extent, with the 
maximum well diameter being 370 millimeters. 

Drilling cost per foot of well in the pay zone by 
this machine is several orders of magnitude cheaper 
than when drilling is carried out from the surface. 

Along with the two-horizon system, being applied 
commercially in all the mines, other systems of

development have been tested in the Yarega oil 
field. The two-layer system is a modification of 
the two-level one. 

Instead of a number of shafts and drilling chambers 
the gallery for steam injection is installed at the 
top of the formation. Horizontal and Inclined injec-
tion wells are drilled from this gallery (Figure 2A). 

The	 single-horizon thermal	 mining system	 has	 been 
tested	 as	 well.	 It consists	 of	 the pay bed heating 
and oil	 withdrawal, through	 a system of gently	 in-
clined,	 rising	 and horizontal	 wells, all drilled	 from 
the working gallery, which has been sunk in the pay 
bed (Figure 211).

There are several modifications of the single-horizon 
system. One of them provides for heat injection 
Into the middle part of the pay bed, whereas it 
production is carried out from the top or the bot-
tom of the pay bed. The injection wells are lo-
cated completely in the pay bed along their full 
length from the well head to its bottom. 

FIGURE 2 
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This causes thermal stimulation of the reservoir to 
be extended sequentially from the middle part of the 
pay bed (across its whole thickness) to the top and 
the bottom of It. Heat losses into the surround 
rocks decrease. 

The panel system of thermal mining development, 
shown In Figure 3 Is said to be very promising. 

FIGURE 3 
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In this system the Injection and producing galleries 
are parallel to each other; Injection and producing 
'y ells are drilled in the direction towards each 
other, the distance being 15-20 meters. This injec-
tion and producing well pattern provides more 
uniform pay bed conformance by heat, creates better 
conditions in the production gallery for service per-
sonnel, and allows a decrease in the specific volume 
of mining operations, well drilling and steam con-
sumption. 

As of January 1,	 1.988 the area under thermal 
stimulation at Yarega totals 279.3 hectares. The 
area is developed by 22 inclined blocks having 
4,602 producing and 9,940 Injection wells. Presently 
3,700 tonnes of steam are daily injected and 
1,300 tonnes of oil per day are produced. This rate 
Is expected to be tripled in the future after 
reconstruction	 and putting	 three	 new	 highly 
mechanized mines into operation. Actual and 
projected oil production in the Yarega oil field are 
shown in Figure 4.

FIGURE 4 
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Specific capital Investment in thermal mining 
development Is said to be half the capital cost of a 
coal mine producing the same amount of equivalent 
energy. 

A number of projects utilizing the tunnel technique 
for oil recovery have been discussed recently. Some 
of them allow for hydrocarbon fields located 
20-30 kilometers offshore from the sea coast. En- 
gineering projects for a sea shaft construction in 
the Caspian Sea have been worked out. 

The authors state that several tens	 of	 highly	 viscous 
oil and natural bitumen fields in Tataria, Kazakhstan, 
Uzbekistan, Azerbaijan and	 In other	 regions	 of	 the 
USSR	 hold promise	 for thermal	 mining	 oil	 recovery 
methods.
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WATER 

VAPOR COMPRESSION EVAPORATION TESTED FOR TDS 
REMOVAL FROM PRODUCED WATER 

Water produced during the In situ recovery of heavy 
oil contains several impurities which need to be 
removed if it is desired to recycle the water as 
feed to a steam generator. One measure of these 
impurities is the total dissolved solids (TDS) which 
includes mainly the salts of calcium, magnesium, 
sodium and potassium. Produced waters containing 
high concentrations of TDS (>> 8,000 milligrams per 
liter) cannot be recycled to the conventional oilfield 
steam generators unless the concentration of 105 is 
reduced through dilution or treatment. 

Several technologies currently in use for the removal 
of TDS from seawater and brackish water, are 
theoretically available for treating high TDS produced 
waters. However, the technical and economic 
feasibility of these technologies has not been 
demonstrated through actual field tests on produced 
waters in Alberta or Saskatchewan. 

In October, 1986, an agreement in principle was 
reached between five oil companies (Amoco, Dome, 
PanCanadian, Murphy Oil and Westmin Resources), the 
Alberta Oil Sands Technology and Research Authority 
(AOSTRA) and Environment Canada to fund a two 
phase project to evaluate various technologies for 
the removal of TDS from produced water. Phase I 
of the Project consists of a field study to evaluate 
vapor compression evaporation (VCE). Results of 
Phase I were discussed at the Fifth Annual Heavy 
Oil and Oil Sands Technical Symposium held in Cal-
gary in March. 

The pilot tests started in April, 1987 and will be 
completed in 1988. The budget for the study is 
$750,000, jointly shared by AOSTRA (50 percent), En-
vironment Canada (26 percent) and the five oil com-
panies (24 percent). Environment Canada's Was-
tewater Technology Centre is responsible for the 
conduct of the study (experimental program develop-
ment, pilot plant procurement and Installation, con-
duct of the pilot tests and preparation of the final 
report). 

Status of Produced Water Recycle 

In situ recovery of heavy oil-bitumen by steam 
stimulation	 (or	 steam	 flooding)	 can	 generate
2-20 times as much water by volume, as oil. 
However, a water-to-oil ratio of approximately three 
to five is most common. Hence, the volume of 
produced water generated at some of these sites can 
be substantial. 

Water requirements for steam generation at these 
facilities can also be substantial; typically, the 
volume of water required for steam can be two to 
six times the volume of oil produced. This high 
water demand for steam generation, coupled with the

availability of large quantities of produced water, 
makes recycling of the water for steam production 
an environmentally attractive alternative. 

In Alberta and California, there are several heavy 
oil recovery sites where the produced water is in 
fact, recycled for steam generation. At these sites, 
once-through type steam generators which produce 
approximately 80 percent quality steam are being 
used.	 These generators require water which meets 
the specifications shown in Table 1. Produced 
waters, in contrast, usually contain elevated levels 
of some of the parameters listed in this table. The 
treatment schemes currently used, typically remove 
oil, suspended solids, and hardness. At some loca-
tions, silica is also removed. However, none of the 
existing produced water treatment plants have unit 
operations specifically designed to remove TDS. 

Relevant characteristics of produced waters from 
some heavy oil production sites in Athena and Sas-
katchewan are shown in Table 2. A comparison of 
Tables 1 and 2 indicates that produced waters from 
some of these in situ facilities will need treatment 
for TDS removal before they can be used for steam 
generation. In situ heavy oil recovery operations in 
the area near Lindbergh, Alberta, generally produce 
water with 105 levels substantially higher than 
8,000 milligram per liter. None of the companies 
operating in this area has any immediate plans for 
recycling produced water, although each is actively 
evaluating various water recycling alternatives. 

Processes foir Removing TUB 

Although TDS removal processes have not been used 
for treating produced waters, there is a large body 
of data on the use of several lOS removal processes 
for	 producing	 potable	 water	 from	 seawater
(TDS = 35,000 milligrams per liter) and brackish 
water (105	 5,000 - 10,000 milligrams per liter). 
These processes include multistage flash evaporation, 
vapor compression evaporation, 	 reverse osmosis, 
electrodialysis and freeze desalination. Multistage 
flash evaporation is the most commonly used process 
in full-scale seawater desalination plants, accounting 
for 53 percent of the total water production. 
However, the newer plants are increasingly using 
vapor compression evaporation or reverse osmosis be-
cause of their lower energy requirements. For 
brackish water desalination, reverse osmosis and 
electrodialysis are more economical than evaporation 
processes. 

Vapor compression evaporation involves heating the 
incoming feed to produce water vapors. The vapors 
are then compressed by a mechanical compressor to 
provide the energy required for the evaporation of 
the incoming feedwater. The vapors release their 
latent heat to the incoming feedwater across an ap-
propriate heat transfer surface and, in so doing, 
cool and condense to form the product water. The 
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TABLE 1 

FEEDWATER. QUALITY SPECIFICATIONS FOR 
OILFIELD STEAM (ThMVQS 

Par n t e r 

Total Hardness As CaW3 
Silica, As SiOz 
Oil 
Total Dissolved Solids 
Total Suspended Solids 
Dissolved Oxygen 
Iron

Concentration (n/L) 

<0.5 
<50 
<1 
<8000 
(not detectable) 
<0.04 
<0.05 

TABLE 2 

PRODUCED WATER CHARACTERISTICS - HEAVY OIL 
DEPOSITS - ALBERTA AND SASKATUIDLU4 

Site Site Site Site Site Site Site 
Parantter(n/L) 1 2 .! ± 5 6 1 
Total Dissolved Solids 3240 5450 6730 35900 48700 88500 16700 
Total Hardness As Ca00 3 210 78 370 5510 3240 4230 1240 
Silica As S102 NA NA NA NA 40 20 150 
Total Suspended Solids 50 150 170 1038 330 230 77 
Oil & Grease 80 170 40 480 140 450 150 
Iron 0.13 0.43 0.65 17 0.75 3.9 0.68 
Dissovled Organic Carbon 320 110 130 140 250 130 290

evaporator portion of the VCE is available in several 
configurations (e.g. forced circulation, vertical falling 
film, and horizontal spray-film). The spray film 
configuration, with 50 percent water recovery, is the 
least expensive and most widely used type of 
evaporator for seawater desalination. 

The most common operating problems In the use of 
evaporation for TOS removal are (1) the formation of 
calcium sulfate scale, and (2) the corrosion of the 
heat transfer surfaces. In addition to scaling and 
corrosion, foaming can also create operating dif-
ficulties. 

Relative operating costs (including amortization of 
capital costs) as a function of plant capacity for 
seawater desalination are shown in Figure 1. For 
treating waters containing high TDS levels such as 
seawater (35,000 milligrams per liter), freezing ap-
pears to be the most economical process followed by 
evaporation.	 Reverse osmosis is cost-competitive 
with	 evaporation	 at	 the smaller plant sizes 
(4,000 cubic meters per thy or less), 	 while 
electrodialysis has the highest cost. 	 For all
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processes, costs decrease substantially with plant 
size. It should be noted that the plant sizes likely 
to be required for TDS removal from produced water 
will be In the range of 4,000 cubic meters per day 
to 30,000 cubic meters per day. 

Among the evaporation processes, VCE appears to be 
more cost-effective than the traditionally used mul-
tistage flash evaporation as shown In Figure 2. The 
operating costs shown in this figure also include 
amortization of the capital costs. 

FIGURE 2 
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Figure 3 shows the operating costs (including amor-
tization of capital costs) of various processes for 
TOS removal from brackish water. A comparison of 
Figure 3 with Figure 1 shows that the membrane 
Processes (reverse osmosis and electrodialysis) are 
significantly less expensive than evaporation for 
brackish water treatment. Electroclialysis appears to 
be the least expensive for this application. 

Evaporation, the most widely used process for TDS 
removal, is the obvious choice for field testing for 
the treatment of produced waters containing IDE 
levels of 35,000 milligrams per liter or greater. For 
Produced waters containing 108 levels between 8,000 
and 35,000 milligrams per liter, membrane processes 
may be cost-competitive with evaporation processes 
provided that problems related to membrane fouling 
and high teed temperatures (80 0 C) can be resolved. 

Bench Scale Evaporation Tests 

The Wastewater Technology Centre sponsored bench 
scale evaporation tests to evaluate the potential for 
operating problems with high TUS produced water 
from sites in Alberta and Saskatchewan. TDS levels 
in	 these	 waters	 ranged	 from	 11,000	 to

64,000 milligrams per liter. Oil, with its potential 
for fouling the heat transfer surface, was present at 
concentrations ranging from less than 10 milligrams 
per liter to 310 milligrams per liter. These tests 
demonstrated that evaporation of produced waters 
from Alberta and Saskatchewan was not likely to 
create difficult scaling, fouling or foaming problems. 

FIGURE 3 
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Produced Water Treatment Field Project 

Murphy Oil's in situ heavy oil production site near 
Lindbergh, Alberta was chosen for the pilot plant 
study. At this site, cyclic steam stimulation is used 
for recovering the heavy oil from the lower Grand 
Rapids formation. Steam is produced using water 
from the North Saskatchewan River. Present surface 
treatment facilities are designed to produce ap-
proximately 800 cubic meters per day of heavy oil 
with potential for expansion to 1,600 cubic meters 
per thy. The average TDS concentration in the 
produced water is approximately 23,000 milligrams 
per liter. 

The VCE unit used was a spray-film, horizontal tube 
evaporator, manufactured by AquaChem Inc., of Mil-
waukee, Wisconsin. The unit had previously been 
used for seawater desalination service. Design feed 
flow rate was 38 liters per minute, giving a distil-
late flow rate of 19 liters per minute at 50 percent 
water recovery. 

The main parameter of interest In the operation of 
the YCE unit is the distillate flowrate at a fixed 
feed flowrate. Any decrease in the distillate 
production reflects a lowered heat transfer ef-
ficiency which in turn, is caused by scaling or foul-
ing of the heat transfer surfaces. 	 A schematic of
the VICE unit is shown in Figure 4. 
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FIGURE 4 
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During the initial phase of the test runs, two main 
process related problems, serious foaming and scaling, 
were experienced. Because of the rapid scale buil-
dup on the evaporator tubes, the longest continuous 
run during this phase lasted for less than 80 hours. 
During this run, the distillate production dropped 
from an initial value of 19 liters per minute to a 
final value of 10 liters per minute when the run 
was stopped for descaling. 

In seawater desalination, vapor compression 
evaporators of the type used in this pilot study 
operate for approximately 500 to 1,000 hours be-
tween acid cleaning to remove the accumulated 
scale. During this time period there is usually only 
a 20 percent drop in the distillate production. 

Laboratory analysis indicated that the scale deposited 
on the evaporator tubes was not similar to the inor-
ganic scale usually encountered during TDS removal 
from seawater. One of the differences was the high 
organic and silica content of this scale. As a 
result of this finding, a series of bench scale tests 
were conducted to develop a pretreatment technique 
for the evaporator feed in order to minimize the 
scaling problems. Later, this technique was applied 
at the pilot facility and it was observed that the 
scale deposition in the evaporator had been substan-
tially reduced. However, foaming problems now be-
came more severe. Therefore, bench and pilot tests 
were conducted to Identify a suitable detoamer.

After a suitable dcfoamcr had been selected, the 
results appeared more promising. An evaporator run 
which began on October 6, 1987 lasted for over 
550 hours. Another run which began on November 
11 9 1987 was stopped after approximately 700 hours, 
at which time, the production of distillate was con-
sidered to be too low. 

According to the Environment Canada Researchers, 
the data collected to date show that the effective-
ness of the pretreatment stage is critical to mini-
mizing scale formation in the WE. Therefore, the 
study is now focusing on (1) optimization of the 
conditions used for pretreatment and (2) operation of 
the	 evaporator	 at	 high	 water	 recoveries 
(>50 percent). The costs for pretreatment and for 
the disposal of the sludge produced have not yet 
been estimated and will have to be taken into ac-
count in determining the overall cost of treating 
produced water by the VCE process. 

It should be noted that the serious scaling problem 
observed during the initial phase of the pilot VCE 
tests had not been encountered in the bench scale 
evaporation tests. 	 Field pilot tests were necessary 
to identify and resolve these problems. Therefore, 
there are plans to test other competing technologies 
such as electrodlalysis, reverse osmosis, and freeze 
desalination In the field if bench scale tests by the 
Wastewater Technology Centre show promise. 
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The data from these tests and other related studies 	 tirnated costs for a full scale system using VCE to 
will be presented to the participants in a oem- 	 treat high TDS produced water. 
prehensive report expected to be completed by Sep-
tember 30, 1988. This report will also contain es-
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RESOURCE 

U.S. HEAVY OIL RESOURCE SUMMARIZED 

In a paper delivered to the UN1TAR/UNDP Interna-
tional Conference on heavy Crude and Tar Sands, 
1CF-Lewin summarized results of their study com-
pleted for, the United States Department of Energy 
and interstate Oil Compact Commission. According 
to the authors, the three most important factors In-
fluencing the potential of United States heavy oil 
are the size, location, and characteristics of the 
resource. The absolute size of the resource base 
determines the amount of potentially recoverable 
heavy oil. The geographic location of the heavy oil 
resource, particularly when it is close to existing 
crude oil production, 	 distribution,	 and refining 
facilities, increases its economic viability. The 
reservoir and fluid characteristics dictate which of 
the thermal recovery technologies are most ap-
plicable and influence the economic potential. 

The United States is estimated to have 80 billion 
barrels of oil originally in place (OOlP) in large 
(greater than 20 million barrels of oil in place) 
heavy oil reservoirs. An additional 20 billion barrels 
of heavy oil are estimated for smaller (less than 
20 million barrels OOlP) reservoirs. The total United 
States heavy oil resource of about 100 billion bar-
rels (001?) represents about 20 percent of the es-
timated 500 billion barrels of crude oil discovered to 
date in the United States. The resource charac-
terizations in the following refer to the 80 billion 
barrels of resource in the large United States heavy 
oil reservoirs. 

Location of U.S. Heavy Oil Resources 

The United States heavy oil resource base includes a 
diverse collection of oil fields, ranging geographically 
from Arkansas to California and from Alaska to 
Texas. 

Areas In the United States with large volumes of 
heavy oil in place lend themselves to economies of 
scale and shared infrastructure. California has the 
largest concentration of heavy oil, with 42 billion 
barrels (001?) in 139 large distinct reservoirs. More 
than one-half of this state's heavy oil (22 billion 
barrels) is In the San Joaquin Valley, mostly in four 
massive, shallow fields--Midway-Sunset, Kern River, 
Coalinga, and South Belridge. The heavy oil fields 
in the Los Angeles Basin tend to be deeper and less 
viscous--such as the Huntington Beach, Torrance, and 
Wilmington fields. Development restrictions, air 
quality concerns, and the potential use of other EOR 
processes (such as alkaline flooding) have deterred 
the widespread use of thermal EOR In the Los An-
geles Basin. 

Alaska contains the second largest volume of United 
States heavy oil resources in place with its large,

only partly delineated heavy oil area near the 
Kuparuk River. here the extensive, undifferentiated, 
West Sak heavy oil reservoir contains up to an es-
timated 25 billion barrels (001?). Wyoming contains 
the third largest accumulation of heavy oil, with 
nearly five billion barrels (001?), mostly in the com-
plex and discontinuous Minnelusa formations of the 
Oregon Basin, Hamilton Dome, and Little Buffalo 
Basin fields. Smaller accumulations of one to two 
billion barrels (OOLP) exist in Louisiana, Arkansas, 
Texas, and Mississippi. Table 1 tabulates the United 
States heavy oil resource base in large fields by 
state. 

Reservoir Depth 

The cost and efficiency of thermal EOR processes 
are strongly depth dependent. Hence, it is sig-
nificant that a substantial portion, 35 billion barrels 
(001?) in 131 reservoirs, of the heavy oil resource is 
at shallow depths of less than 3,000 feet, where 
conventional steam drive and in situ combustion 
methods are commercially practiced. 

However, a somewhat larger portion is at a depth of 
3,000	 to	 5,000	 feet.	 These	 greater depths will lead 
to	 higher	 weilbore	 and	 reservoir heat	 losses and 
higher	 drilling	 costs.	 Advances	 in steam drive and 
heat	 injection	 technology	 will	 be required to effi- 
ciently	 and	 economically	 produce most of these 
deeper heavy oil reservoirs.

Finally, three billion barrels (OO1P) exist In 33 deep 
(5,000 feet) reservoirs, presenting a major challenge 
to thermal enhanced oil recovery (Eon) technology. 
Because of their depth, these reservoirs are likely to 
remain the exclusive domain of in situ combustion 
technology. 

The larger portion, 58 billion barrels (OOIP), of the 
United States heavy oil resource has an oil gravity 
over 16 0 API and thus offers a relatively attractive, 
refined product slate. The remaining 22 billion bar-
rels with oil gravity of 16 0 API or less will require 
more extensive upgrading and refining. 

The bulk of United States heavy oil (43 billion bar-
rels) has viscosities less than 1,000 centipolse (at 
reservoir conditions) and requires moderate Increases 
in reservoir temperature or the introduction of other 
viscosity-reducing measures to ensure sufficiently 
high rates of oil flow. A second, large portion of 
heavy oil (nearly 23 billion barrels), having a vis-
cosity over 1,000 centipolse, requires the more ex-
tensive introduction of thermal energy. A significant 
portion of the heavy oil resource (as defined by API 
gravity) has a moderate oil viscosity (for heavy oil) 
of 40 centipolse to 100 centipolse. This is due to 
a substantial number of deeper, higher temperature 
and more gas-prone heavy oil reservoirs. 
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TABLE 1 

U. S. HEAVY OIL RESOURCE BABE
IN LAE RESERVOIRS. 

No. Of Original Oil	 In Place 
State/District Reservoirs (Million Barrels) 

Alabama 2 114 
Alaska 3 24,987 
Arkansas 12 2,000 
California 139 42,335 

San Joaquin 53 22,478 
Los Angeles 58 15,133 
Coastal 28 4,724 

Colorado 2 52 
Illinois 1 34 
Kansas 6 419 
Louisiana 6 2,087 
Mississippi 13 1,126 
Montana 2 98 
New Mexico 2 73 
Oklahoma 6 274 
Texas 25 1,863 

RE District 1 5 360 
RE District 3 3 318 
RE District 4 8 494 
RE District 6 6 362 
RE District IC 1 20 
RE District 8 2 309 

Utah 1 75 
Wyoming 28 4,565 

Total Large Reservoirs 248 80,102

"Includes reservoirs with in-place volumegreater than 20 Million Bbl 

Ridrne (Oil Catent) 

The richness characteristic captures the three key 
reservoir properties of porosity, oil saturation, and 
formation volume factor. The richness of a heavy 
oil deposit--measured in terms of barrels of oil per 
acre-foot of reservoir (or cubic meters of oil per 
cubic meter of reservoir)--is the most important 
single factor affecting the economics and efficiency 
of thermal EOR. 

United States heavy oil is a moderately rich 
resource;	 59 billion barrels (001?) contained in

114 reservoirs have an original oil content of 1,500 
to 2,000 barrels per acre-foot. Much of the 
remaining resource, 16 billion barrels (OOIP), is in 
the leaner category of 1,000 to 1,500 barrels per 
acre-foot where improvements in heavy oil process 
efficiencies--such as combinations of chemicals with 
steam drive, oxygen-based wet combustion, or mine-
assisted thermal EOR--wul be important for economic 
feasibility.	 Only a small portion of the resource, 
about four billion barrels, Is extremely lean (below 
1,000 barrels per acre-foot). An even smaller por-
tion, about one billion barrels, Is extremely rich 
(over 2,000 barrels per acre-foot). See Figure 1. 
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FIGURE 1 

DISTRIBUTION OF DOMESTIC HEAVY
OIL RESOURCES BY RICHNESS 
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LARGE DEPOSITS OF HEAVY CRUDE DISCOVERED IN 
IRAN 

Although there was some unofficial information about 
occurrences of heavy oil deposits in the south-
western part of Iran, systematic exploration studies 
were started only in 1984 when the first exploration 
well was drilled and completed at a depth of 
4,757 feet on the Kuh-e Mond anticline. The main 
reasons for selecting this structure as prime object 
for heavy oil exploration were: 

- Indications of heavy oil depositions at a 
relatively shallow depth. 

- The enormous size of the anticline. 

- Geographical vicinity of the structure to the 
Persian Gulf. 

- Simplicity of the structure, which requires no 
further seismic operations.

The result of the first exploration drilling confirmed 
the occurrence of heavy oil in two separate car-
bonate reservoirs, Jahrum	 (Eocene) and Sarvak 
(Cretaceous) Formations. 	 The thickness of Jalirum is 
about 1,476 feet and contains oil of eight degrees 
API.	 The Sarvak has a thickness of 984 feet and 
oil of 13-15 0 API. These two reservoirs are com-
posed of carbonate rocks and are highly fractured. 
Primary estimation indicates that the amount of oil 
in place is several billion barrels. 

At present It is believed that periodic steam Injec-
tion Is probably the most suitable recovery method 
for this field. however, the type of production sys-
tem and locations for the injection and production 
wells will be determined after the completion of the 
present phase study. 

Apart from the Kuh-e r.Iond anticline, a few more 
heavy oil fields such as Zaqeh, Payda y and Paydar 
West have also been discovered. AU of these dis-
coveries are located In the southwestern part of 
Iran. Based on the primary estimations, the total 
amount of original heavy oil in place discovered In 
these fields is in the range of 10 billion barrels. 

The "Ill-F" or "F" structure is located offshore, In 
the waters of the Persian Gulf, and Is approximately 
hall-way between the ICuh-e Mond heavy oil field to 
the north and the northern shore of the Qatar 
peninsula to the south. 

Like the Mond field, the "F" structure is in trend 
with the Qatar Arch, a north-south striking geologic 
feature which was uplifted during the early part of 
the Cretaceous, when it bisected the Persian Gulf 
syncline Into two separate sub-basins. The uplift of 
the arch itself was triggered by salt movements. 

The two main heavy oil reservoirs in the "F" struc-
ture are the Ratawl and the Sulaiy carbonates. The 
Ratawi, an alternation of limestone and shale is 
Lowermost Cretaceous (Valanginian-Hauterivian) and 
the Sulaiy limestone formation is slightly older, Up-
per Jurassic (contact of Tithonlan and Berriasian). 
The estimated oil in place in these two reservoirs Is 
an aggregate (15 billion barrels), with a density 
ranging from 8-16 0 API. 

Thus some 25 billion barrels of heavy oil may be 
present in just these two major structures. The Na-
tional Iranian Oil Company is said to believe that 
more heavy oil deposits will be discovered in the 
future in association with the anticlinal structures 
related to the Qatar Arch feature. 
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

Listed below are tar sand papers which were presented at the symposium on Advances in Synthetic Fuels Tech-
nology, as part of the American Institute of Chemical Engineers meeting in Denver, Colorado, August 23: 

Berk, a., "Electrocoagulation of Tar Sand Tailings Pond Wastewaters." 

Babcock, R. E., et al., "Liquid. Partitioning of Amphiphilic Solutions Related to the Solvent Ex-
traction of Bitumen from Tar Sands." 

Cha, C. Y., et al., "Development of Recycle Oil Pyrolysis and Extraction Process for Recover-
ing Oil from Tar Sand." 

Hanson, F. V., et al., 'the Fluidized Bed Pyrolysis of Bitumen-Impregnated Sandstone from the 
Circle Cuffs Deposit." 

The following presentations were made at the "Confab 88" meeting held in Silver Creek, Colorado, 
August 2-5, 1988: 

Baltus, R. E., et al., "Characterization of Bitumen Fractions Using Hydrodynamic Techniques." 

Ebert, L. B., et al., "Characterization of Petroleum Residua Through Reductive Chemistry." 

Giavarini, C., "Characterization Studies on Visbreaker Residues and Bitumens." 

Guffey, F. D., et al., "Chemical Evaluation of the Rope Concept." 

Hanson, F. V., et al, " A Comparison of the Product Distributions and Yields and Product 
Qualities Obtained During the Pyrolysis of Bitumen-Impregnated Sandstone In a Rotary Kiln and 
in a Fluidized Bed Reactor." 

Kaleli, M. K., et al., "Solvent Leaching of Tar Sands." 

Long, R. B., et al., "Studies of Petroleum Composition. 	 I. Development of a Compositional 
"Map" for Various Feedstocks." 

Speight, J. C., "Heavy Oft Characterization Studies-Facts and/or Fiction!' 

Thomas, K. P., et al., "The Effect of the Steamflood Process on Heavy Oil Properties." 

Turner, T. F., et a)., "Pyrolysis of Sunnyside Tar Sand." 

Zhang, Y-F, et al., "Investigation of Asphaltenes of Gudao and Shamjiasi Asphalts by XRD." 

The following presentations were made at the SPE/DOE Sixth Symposium on Enhanced Oil Recovery, which 
was held April 17-20, 1988 in Tulsa, Oklahoma: 

Patzek, T. W., et al., "Kern River Steam Foam Pilots." 

Yibirin, J. C., et al., 'the Jobe Steamflood Project: A Preliminary Evaluation of Results." 

Mikkelsen, P. L., et al., "Fosterton Northwest: An In Situ Combustion Case History." 

Kumar, M., et al., "An Experimental Investigation of the Fireflooding Combustion Zone." 

Rubin, B., et al., "Development of Operating Strategy for a Wolf Lake Satellite Underlain by a 
Water Leg Using Numerical Model Studies." 

Listed below are heavy oil and tar sands papers given at the 39th Annual Technical Meeting of the 
Petroleum Society of CIM held in Calgary, Alberta, Canada, June 12-16, 1988: 

Farouq AU, S.M., et al., "Effect of Bottom and Top Water on Cyclic Steam Stimulation 
Response."
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lUmber, K. D., et at, "Verification of Scaling Approaches for Steam Injection Experiments." 

Chung, K. H., et al., "In Situ Emulsification by the Condensation of Steam in Contact with 
Bitumen.' 

MacKenzie, W. T., et al., "Fracture Stimulation in the CUSP Tar Sands Pilot-Case History." 

Miller, K. A., et al., "Evaluation and Application of Pikes Peak Cyclic Steam injection Pressure 
Data." 

Chiwetelu, C. i., et al., "Parameters that Influence Interfacial Activity in Caustic Waterflooding 
of Heavy Oils." 

Tsang, P. W,, "Rationale for Low injection Rates and Pressure Cycles for Firefloods in Heavy 
Oil Reservoirs." 

flagci, A. S., et al., "Dry and Wet Combustion Studies of Different API Gravity Crude Oils 
from Turkish Oil Fields." 

Kwan, M. Y. M., et al., "A Study of Fines Migration Related Permeability Damage in Extracted 
Cold Lake Heavy Oil Cores." 

Slbbald, L., et al., "In Situ Combustion Experimental Studies Using a Combustion Tube System 
with Stressed Core Capability." 

Sufi, A. H., "lnjectivity Enhancement in Tar Sands - A Physical Model Study." 

Butler, R. M., "The Potential for Horizontal Welts for Petroleum Production." 

Selby, R., et al., "Potential of Non-Thermal Methods for Heavy Oil Recovery." 

The following papers were given at the Symposium on Characterization and Chemistry of Tar Sand Co-
Sponsored by the American Chemical Society and Canadian Society of Chemical Engineers, which was held 
in Toronto, Ontario, Canada, June 5-10, 1988: 

Brooks, P. W., et al., "Biomarker Geochemistry of Bitumens from Paleozoic Rocks of the Car-
bonate Triangle, Alberta." 

Freeman, D. H., et al., "Determination of Geoporphyrins in Athabasca Tar Sands Using Semi-
Automated Chromatographic Deasphaltation." 

Reynolds, J. C., et al., "Characterization of Nickel and Vanadium Compounds in Tar Sand 
Bitumen by Petroporphyrin Quantitatlon and Size Exclusion Chromatography Coupled with Ele-
ment Specific Detection." 

Holmes, S. A., "Comparisons of Hydrocarbon and Nitrogen Distributions in Geologically Diverse 
Tar Sand Bitumen." 

Kotlyar, L. S., et al., "Application of Solid State Silicone-29 and Carbon-13 Nuclear Magnetic 
Resonance Spectroscopy to the Characterization of Inorganic Matter-Humic Complexes in 
Athabasca Oil Sands." 

Axelson, D. E., et al., "Characterization of Oil Sands Mineral Components and Clay-Organic 
Complexes." 

Fendel, A., et al., "Heavy Oil Components Sorbed onto Clay Minerals in Canadian OH Sands." 

Fuhr,	 B. J.,	 et al.,	 "Characterization of Heavy Oil by Capillary Supercritical Fluid 
Chromatography." 

Strausz, 0. P., "Structural Investigations of Alberta Oil Sand Bitumens." 

Cohn, J. M., et al., "Characterization of Heavy Crude Oils and Petroleum Residues Review of 
the Results Obtained by the ASVAHL Analytical Group." 

Gray, M. R., et al., "Structural Group Analysis of Residues from Athabasca Bitumen." 
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Majid, A., at al., "Characterization of Various Bitumen Samples from Tar Sands." 

Izquierdo, A., at al., "Characterization of Venezuelan Heavy Oil Vacuum Residua." 

Reynolds, J. C., et al., "Pyrolysis of Sunnyside (Utah) Tar Sand: 	 Characterization of Volatile 
Compound Evolution." 

Chow, R. S., at al., 'The Conductivity and Dielectric Behavior of Solutions of Bitumen in 
Toluene." 

Overfield, R. E., et al., "SANS Study of Asphaltene Aggregation." 

Verkoczy, B., et al., "Characterization of Heavy and Medium Oils from Saskatchewan 
Reservoirs." 

Guzman, C., at al., "Physical Properties and Characterizations of Venezuelan Heavy and Extra 
Heavy Crudes and Bitumens." 

Wallace, D., et al., "Aging of Athabasca Oil Sand." 

Mikula, R. .3., at al., "Microscopic Characterization of Oil Sands Processing Emulsions." 

Reichert, C., at al., "Fire Flood Recovery Process Effects Upon Heavy Oil Properties." 

Chrones, J., "Bitumen and Heavy Oil Upgrading in Canada." 

Yoshida, T., at al., "Characterization of Heteroatomic Compounds in Various Synthetic Crude 
Naphthas." 

Ternan, M., "Gasification of Chars Formed on the Surfaces of Catalysts Used for Cracking Oil 
Sand +525 0 C Pitch." 

Majid, A., at al., "Demineralization of Petroleum Cokes and Fly Ash Samples Obtained from the 
Upgrading of Athabasca Oil Sands Bitumen." 

riochida, I., at al., "Catalyst Deactivation During the Hydrotreatment of Heavy Oils." 

Mendizabal, 0. B., "Advances in Heavy Oil Hydroprocessing." 

Samadi, F. R., at al., "Modeling the Thermal Reaction Kinetics of Heavy Crude Oil Based on 
Experimental Viscosity Measurements." 

Clark, P. D., at al., "Studies on the Mechanism of 11 2 S Production During the Steam Stimulated 
Recovery of Heavy Oils." 

Following are the titles of papers presented at the UNITAR/UNDP 4th International Conference on Heavy 
Crude and Tar Sands, held August 7-12, 1988 in Edmonton, Alberta, Canada: 

AOSTRA Underground Test Facility: Mining Access for Research and Production 

Ceotechnical Instrumentation of the AOSTRA Mined-Assisted Underground Steaming Trial 

Modeling of Fracture and Deformation Processes in Oil Sands 

Shear Dilatency and Permeability Changes in Oil Sands EOR 

Regional Characterization of Geomechanical Properties of Oil Sands of Heavy Oil Belt, 
Venezuela 

Oil Sands Project Application Review Process-Mediation, Not Confrontation 

Environmental Mediation in Major Oil Sands Developments Between Native Indian Bands and 
Government 

Perspective for Bemolanga Tar Sands Exploitation 
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Onshore Federal Leasing Program - and the Relationship to Heavy Crude and Tar Sands in 
California 

Alternate Steam injection at Depth of 8,200 Feet, Boscan Field 

Steam Stimulation Experience in Lake Maracaibo 

The Jobo Stenmtlood Project: A Preliminary Evaluation of Results 

Steam Injection Project in Estreito Field, Brazil 

The Effects of Well Completion, Steam injection and Production Practices on Heavy Oil Produc-
tion Performance 

Performance of First and Second Pilot Cyclic Steam Stimulation Projects in Kuwait 

In Defense of the Clark Hot Water Process 

Selection of Diluent in the Modified Hot Water Separation of Bitumen from U.S. Tar Sands 

Reducing the Sludge Problem by Co-processing Sludge with Oil Sand Ore 

Athabasca Mineable Oil Sands - The RTR/Gulf Extraction Process - Theoretical Model of 
Bitumen Detachment 

Isolation and Characterization of Non-Bituminous Organic Material Thought to Interfere with 
Recovery of Bitumen from Oil Sands 

Comparative Study of Organic Rich Solids Present In Utah and Athabasca Oil Sands 

Rospo Mare Off-Shore Italy - An industrial Development Based on Horizontal Wells 

A New Drilling and Well Completion Method for Rapid Development of Oil Sands Reservoirs 

Calculating the Maximum Horizontal Wellbore Length 

An Innovative System for Gravity Independent Drilling 

Use of Slant Drilling Techniques for the Study and Exploration of Some Venezuela Shallow 
Reservoirs 

Comparative Economic Analysis of Heavy Oil Recovery Projects in China and Canada 

Update on Refiners' and Marketers' Perspective - What the Crash of 1986 Did to Heavy Crude 
Economics and Marketing 

New Approach to Waste Management in OR Sands Surface Mines 

Hydrological and Geochemical Criteria for Assessing Sites of Subsurface Injection of EOR Waste 
Water in the Cold Lake Area, Alberta 

Improved Techniques for Measuring Heavy Crude Oil Vapor Pressures for Monitoring Tank Emis-
sions 

Elect rocoagulation of Tailings Pond Wastewaters 

Oil Sands Formation Preheating Study 

Design and Evaluation of Pilot Test of Steam Soak with Additives in Venezuelan Heavy Oil 
Reservoirs 

Steam CO 2 injection to Recover Heavy Oil in Limestone 

The Heated Annulus Steam Drive Process for Immobile Tar Sands
	

II 

Optimization of Heavy Oil Thermorecovery Made Possible with a Novel in Situ Process 
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New Technologies in Thermal Oil Recovery Contribution of Horizontal Wells 

rdnd Thermal Conversion of Cold Lake Bitumen 

Angelov/Shibley Process Improves Economics of Processing Heavy Oil 

Use of Small Scale ART Processing for Wellhead Viscosity Reduction and Upgrading of Heavy 
Oils 

Upgrading of heavy Crude at Low-Temperature and Ambient-Atmosphere 

Mild Heald Hydrocracking for Heavy Oil Upgrading 

ASVAHL New Routes for Processing Heavy Oils 

Laboratory Experiments of the New Downhoie Steam Generator 

Corrosion Problems and Experience at AOSTRA In Situ Thermal Recovery Pilots 

Aspects of Alloy Selection in Thermal Recovery of Heavy Crudes and Tar Sands 

A Pressure Observation Well for Monitoring and Optimizing the Pressure-Up Slowdown Combus-
tion Process 

Optimum Cementing and Gravel Packing Methods for Unconsolidated Heavy Oil Sands 

Unique Completion Practices in a Horizontal Well 

The Thick-Getting Mechanism Characteristics of Terrestrial Heavy Oils of China 

Oil Bituminous Rocks of the West Kazakhstan 

Complex Development of Natural Bitumen and Heavy Oil in the U.S.S.R. 

Geology and Resources of the Primrose Heavy Oil Deposits, North Eastern Alberta, Canada 

The McMurray Formation in the Athabasca Oil Sands Area: An lchnological and Paleontological 
Perspective 

Sedimentology of the McMurray/Wabiskaw (Lower Cretaceous) In the Central Region of the 
Athabasca Oil Sands Area, Northeastern Alberta 

A Theoretical and Experimental Study of Steam-Assisted Gravity Drainage Process 

Simulation of HAS Drive UTF Pilot 

Analysis and Implementation of the Steam-Assisted Gravity Drainage Process at the AOSTRA 
UTF 

Reservoir Plugging/Blocking Using Ultramicrobacteria: 	 Three-dimensional Physical Simulator 
Results 

Heavy Oil Recovery Through Immiscible Displacement by Carbon Dioxide 

Experimental Design for Non-Equilibrium immiscible Carbon Dioxide Flood 

Reaction Mechanism in VisABC Process 

Solid Catalyzed Thermal Hydrogenolysis of Residual Oils 

Developments in Upgrading of Bitumen by Pyrolysis 

Coking of Oil Sands, Asphaltenes and Residual Oils in the Lit-Process 

Syncrude Processing in Conventional Refineries 

A Regional Upgrader for Alberta Bitumen
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Full Scale Pump Simulation 

Artificial Lifting and Automation Methods for Producing Heavy Crudes 

Application of Pump-Off Controllers in MARAVEN'S Heavy Oil Fields 

Substantial Rig Time Reductions by Combined Utilization of Cyclic Steam Injection and Gaslift 
in Extra Heavy Oil Production 

West Urdaneta Heavy Oil Field Experiences in Gas Lift Troubleshooting 

Exploratory Prospects and Prospective Areas for Heavy and Extra Heavy Crudes in the Eastern 
Venezuela Basin, Venezuela (Exclude Orinoco Oil Belt) 

The Orinoco Delta, a Future Exploratory Province for Heavy and Extra Heavy Oils 

Natural Asphalt in Venezuela 

Occurrence of heavy Crude Oil In the Persian Gulf 

Screening Study for Heavy Oil Recovery by Steam Injection Technology 

Heavy Oil Discovery in the Islamic Republic of Iran 

An Experimental and Numerical Study of Blockage of a Mobile Water Zone by Emulsion 

Chemical Emulsion Viscosity Reduction to Improve Steam Stimulation Performance 

Hot Water and Caustic or Carbon Dioxide for the Recovery of Bitumen from Athabasca Oil 
Sands 

Application of the IITRI/Uentech Electromagnetic Stimulation Process to Canadian Heavy Oil 
Reservoirs 

The Behavior of Various Oil Sands Towards High Temperature Steams 

The Use Of Chemical Additives During Steam Stimulated Recovery to Improve Reservoir and 
Surface Transportation of Heavy Oils 

Porosity Modification Related to the Tar Sand Process Waters 

Laboratory Study of Formation Damage During Steam Injection 

Influence of Alkaline Steam Injection on the Physical Properties of Formation Rock and Prop-
pants 

Fines Migration in Heavy On Reservoirs 

Modeling of Smectite Synthesis in Reservoir Sands: 	 Comparison of PATH's Predictions of 
Autoclave Experiments 

Laboratory Study of Permeability Reduction Due to the Flow of Kaolinite Fines 

Chemistry and Resources in Heavy Oil and Natural Bitumen Deposits 

Characteristics and Potential of U.S. Heavy Oil Resources 

Analysis of Heavy Oil and Natural Bitumen 

Orinoco Oil Belt Reservoir Quality and Potential: a Geostatistical Appraisal 

The Provost Upper Manville B Pool: An Integrated Reservoir Analysis 

Characterization of Pore Images in a Heavy Oil Reservoir and Its Application 

Foam Transport Modeling
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Venezuelan Experience in Simulation of Compaction and Subsidence Associated to Oil Production 

Numerical Simulation of Alkailne/Co-surfactant/Polymer Flooding 

• Cyclic Stimulation Model for Heavy Oil Reservoirs 

• Simple Method for Predicting Production of a Single Well Test in Oil Sands and Its Implica-
tions for Optimization of Thermal Recovery 

Development of the Practical Steam Injection Simulator 

Application of Heat Carriers Upon Development of High-Viscous Heavy Oil Field in the U.S.S.R. 

Heavy Oil and Bitumen Recovery by Steam and Gas Stimulation: Technical Means and Technol-
ogy 

High-Viscosity Oil Recovery from Carbonate Reservoir by Thermal Methods 

Development of Alberta's Oil Sands 

Fiscal Treatment of Oil Sands Development in Alberta 

Economics of Alberta's Oil Sands Development 

Production of ERWL80 for Enhanced Recovery Wells 

Investigation of a Premium Casing Connection for Canadian Thermal Recovery Wells 

Gravel Pack Equipment Requires Special Design for Thermal Recovery 

Sand Control with Geotextile Filters 

Thermal Completions for Radial Production Systems 

Heavy Oil Tar Sands Recovery Technology in the Year 2000 and Beyond 

Development Planning of Venezuela's Orinoco Oil Belt Field 

AOSTRA Technology Development for Alberta Oil Sands and Heavy Oil 

Utilization of Rock Asphalt in Indonesia 

The Present State and Prospects of Development of Technology for Thermal Mining of Heavy 
Oil 

Geological and Economic Evaluation of Native Bitumen Deposits 

The Application of Thermal Well Testing to Reservoir Description 

Injected Fluid Front Determination Using Pressure Data In Thermal Oil Recovery Projects 

Optimization of Primary Exploitation Strategies for Heavy Oil Reservoir 

Interpretation of Field Tests of Cyclic Steam/Gas Injection in the Tia Juana Field, Bolivar 
Coast, Western Venezuela 

Application of Basal Water Sands to Enhance Thermal Recovery 

ESSO Resources Canada Ltd. - Oil Sands Pilot Experience 

Demonstration of High Conversion H-Oil Processing of Cold Lake Vacuum Residuum 

Hydrocracking of Heavy Oils/Bitumen in a Layered Fixed Bed 

Upgrading of Alberta Derived Bitumen Applying the VLC/VCC - Technology 

Upgrading of Cold Lake Heavy Oil in the CANMET Hydrocracking Demonstration Plant 
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HDH, a Process for Residue Conversion 

Hydrocracking of Vacuum Residua of Bitumen: Reaction Kinetics and Tracer Studies of Fluid-
Dynamics in a Laboratory-Scale Bubble-Tube Reactor 

Improved Core Testing to Aid Heavy Oil Field Development 

I R Analyser for Stability Measurements of Residual Oils 

Improved Structural Analysis of Heavy Petroleum Fractions by NMR and Related Techniques 

Organic Deposition from Heavy Petroleum Crudes (Characterization and Prediction of Onset of 
Deposit) 

Laboratory Standards for Characterizing Heavy Crudes and Tar Sands 

Bemolanga Bitumens and Tsirniroro Heavy Oils Study 

Seismic Velocities in Tar Sands: The Basis for in Situ Recovery Monitoring 

Seismic Characterization of Thermal Flood Behavior 

Ground Geophysical Surveys. Daphne Lease Athabasca, Alberta 

Front Surveillance and Control in a Steamflood Project 

Geochemical Monitoring of Oil Field Fluids 

Interpretation of Cyclic Steam Reservoir Performance Using Produced Water Chemistry 

Thermal Ilydroprocessing of Syncrude Coker Gas Oil: 	 Interpretation via Structural Group 
Analysis 

Diesel and Jet Fuel Production from Athabasca Bitumen and Cetane Number Correlation 

Conversion of Tar Sand Bitumen and Heavy Crude to High Yields of Aviation Turbine Fuel 

U.S. Department of Energy/Ohio Coal Oil Co-processing Project 

The Canadian Energy Upgrader 

Co-processing Using Ebullated Bed Technology - An Update 

Steam Generation Using High TDS Water and Heavy Fuels 

Process Options for Recycle of High TOS Water Produced During In Situ Recovery of Heavy Oil 

Combining Steam Drive Technology and Small Nuclear Steam Plants with Reference to the 
Shengli Oilfield 

Overall Site Optimization for Tar Sands Facility 

Steam Distribution, Control and Metering Systems 

Improved Dehydration Techniques for Heavy and Extra Heavy Crudes 

Geochemistry of Heavy Crudes of the Hamaca Area of the Orinoco Oil Belt, Eastern Venezuela 

Organic Geochemistry of Venezuelan Heavy and Extra Heavy Crude Oils 

Contribution of Geochemical Studies Performed on Beniolanga Tar Sands and Tsimlroro Heavy 
Oils for Petroleum Exploration in Madagascar 

Use of Biological Markers in Determining Thermal Maturity of Biodegraded Heavy Oils and Solid 
Bitumens
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Biomarker Geochemistry of Cretaceous Oil Sands/Heavy Oils and Paleozoic Carbonate Trend 
Bitumens, Western Canada Basin 

Recent Advances in the Chemistry of Alberta Bitumen and Heavy Oils 

Compositional and Viscosity Variations in Fluids Produced from the Husky Tangleflags Fireflood 
Project 

Behavior of Heavy Oil Core Materials Under Fireflood Conditions 

The Effect of Recovery Processes on the Characteristics of the Produced Heavy Oil 

Experimental Study and Kinetic Modeling of Crude Oil Pyrolysis in Relation to Thermal 
Recovery Processes 

Pressurized Differential Scanning Caiorimetry Studies of Heavy Oils and Their Relevance to In 
Situ Combustion 

A Review of In Situ Combustion Mechanisms 

Utilization of HSC-ROSE Residue as Coking Aid for Production of High Quality Coke from Lig-
nite 

Co-agglomeration of Petroleum Cokes with Lime/Limestone Followed by Combustion in a 
Fluidized-bed Reactor 

Heavy Oil Coke Utilization in the Aluminum Industry 

The Use of Cuban Crude Oils as Industrial Fuel Oil 

Heavy Crude Transportation	 - 

Emulsion Technology, the Answer for the Production, Handling and Commercialization of Extra 
Heavy Crudes and Bitumens 

Field Trials of TRANSOIL Technology for Emulsion Pipelining of Bitumen Done at BP Canada Inc. 

Water Treatment in Heavy Oil Production and Transportation 

Rheological Measurement of Oil-in-Water Emulsions 

Core Annular Flow - A Solution for Heavy Oil Transportation 

Effects of Diluents and Carbon Dioxide on Asphaltene Flocculation in Heavy Oil Solutions 

Pressure and Temperature Dependence of the Interfacial Tension of Fireflood and Steamflood 
Bitumen/Water Systems 

A Generalized Viscosity-Temperature Correlation for Bitumens and Heavy Oils 

Techniques and Applications of PVT Analysis of Heavy Crude Oils 

Vapour-Liquid and Liquid-Equilibria in the CO 2 -Bitumen-Brine System 

Characteristic Parameters for Alberta Crudes and Bitumens 

Use of Oxygen Enriched Air to Produce the Heavy Oils and Tar Sands of Texas 

Analytical Analysis of Air/Oxygen Wet Combustion by Energy Balance 

Design Features of a High Pressure Compressor for In Situ Combustion Plant for Extraction of 
High Viscosity Crude in India 

In Situ Combustion in the Pannonian Oil Field of Suplacu de Barcau, Romania 

Technology of Heavy Oil and Bitumen Recovery: 	 Cyclic Stimulation by the Energy of 
Electromagnetic Field and Oxidizing Agent Injection 
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Dialects of the Methods Based on In Situ Oxidizing Processes 

The Fluidized Bed Pyrolysis of Bitumen-Impregnated Sandstone from the Tar Sand Deposits of 
Utah 

Ott Shale Processing With the AOSTRA Taciuk Processor 

Recycle Oil Pyrolysis and Extraction of Tar Sand 

Evaluation of the Operating Characteristics of a Shovel and Truck Fleet on the Clearwater 
Formation 

Geotechnicat Consideration in Hydraulic Borehole Mining of Oil Sands 

Compaction Characteristics of Athabasca Oil Sand and Its Suitability as a Backfill Material

The following articles appeared in the AOSTRA Journal of Research, Volume 4, Number 2, Spring, 1988: 

Baird, M. H. I., at at., "Displacement of Bitumen Slugs in Tubes. 2. Forced Flow in Uniform 
Tubes." 

Hsu, T. R., et at., "A Technique for the Measurement of Mechanical Damping Characteristics of 
Ott Sands.'t 

Belinko, K., et at., "Solids Separation from CANMET Hydrocracked Pitch." 

Jamatuddin, A. K. M., et at., "Factors Affecting the Formation of Water-in-Oil Emulsions During 
Thermal Recovery." 

Payzant, J. D., et at., "The Identification of Homologous Series of Benzo(b)thiophenes, 
Thiophenes, Thiotanes and Thianes Possessing a Linear Carbon Framework in the Pyrolysis OH of 
Athabasca Asphaltene." 

Green, M. K., et at., "Laboratory Investigation of the Use of Foam-Forming Surfactants During 
Steam Injection." 

Chen, H. H., et al., "Hydrocracking of Athabasca Bitumen Using Oil Soluble Organometallic 
Catalysts. Part II: A Comparison of Metal Naphtenates and Metal Acetytacetonates with 
Nickel Carboxylate as Oil-Soluble Liquid Phase Hydrocracking Catalysts. 

The following articles appeared in Energy & Fuels, Volume 2, Numbers 3 and 4: 

Behar, F., at al., "Hydrogen-Transfer Reactions in the Thermal Cracking of Asphaltenes." 

Dana, L., et al., "Kinetics and Energetics of Oxidation of Athabasca Bitumen." 

Fisher, I. P., et al., "Kinetics and Thermodynamics of Aromatics Hydrogenation in Distillates 
from Athabasca Syncrudes." 

Clark, P. D., et al., "Reactions of BenzoEb]thiophene with Aqueous Metal Species: Their In-
fluence on the Production and Processing of Heavy Oils." 

Kotlyar, L. S., et al., "Isolation and Characterization of Organic-Rich Solids Present in Utah 
Oil Sand." 

OIL SANDS - PATENTS 

"Catalytic Process for Production of Light Hydrocarbons by Treatment of Heavy Hydrocarbons with Water," Alex Y. 
Dekker, Andiappan K. Murthy, Kundanbhai M. Patel - Inventors, Allied Corporation, United States Patent 4,743,357, 
May 10, 1988. A process for converting heavy hydrocarbons into light hydrocarbons which comprises contacting, 
in a reaction zone, a heavy hydrocarbon having an API gravity at 25 0 C of less than about 20, such as Boscan 
heavy crude oil or tar sand bitumen, with a liquid comprising water and with an effective amount of selected 
catalyst materials such as iron (II and/or III) oxides, sulfides or sulfates, in the absence of externally added 
hydrogen, at a temperature between greater than about 3400 and about 480 0 C and at a pressure between about 
196 psig, and about 2,175 psig, for a time sufficient to produce a residue and a vapor phase comprising light 
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hydrocarbons, gaseous product and water, withdrawing the residue and said phase from the second zone; and 
recovering a light hydrocarbon product having an API gravity at 25 0 C of greater than about 20 and substan-
tially free of vanadium and nickel values, I.E., less than 50 parts per million, preferably less than 30 parts per 
million, a gaseous product, and a residue is disclosed. 

"Solvent Extractor," James Scinta - Inventor, Phillips Petroleum Company, United States Patent 4,741,806, May 3, 
1988. Supercritical extraction of diatomaceous earth results in a much more significant improvement In 
hydrocarbon recovery over Fischer retorting than achievable with tar sands. Process and apparatus for super-
critical extraction of diatomaceous earth are disclosed. 

"Apparatus for Solvent Extraction of Tar Sands," 	 William G. Billings - Inventor, Phillips Petroleum Company,
United States Patent 4,752,358, June 21, 1988. Tar sands are solvent extracted to form an oil-containing extract 
and a sandy residue. The solvent can be distilled from the oil and recycled. Residual solvent vapors can be 
adsorbed on an adsorbent bed. The sandy residue can be flash pyrolyzed to provide a combustible synthesis gas 
and/or combusted to provide process heat. Where the adsorber bed is formed from activated charcoal, a pair of 
beds on swing adsorption/regeneration cycles can be regenerated with steam and provide for continuous adsorption 
solvent vapors. 

"Process for Recovering Petroleum from Formations Containing Viscous Crude or Tar," Jack R. Bohn - Inventor, 
TRW Inc., United States Patent 4,753,293, June 28, 1988. A process for recovering petroleum from relatively Im-
permeable formations. A permeable structure is formed to extend radially outward from the well bore and 
vapor, including solvent vapor, is introduced in a manner to condense primarily adjacent petroleum containing 
portions of the formation, thereby forming a mixture of solvent and petroleum sufficiently mobile to flow 
downwardly and inwardly to a lower portion of the well bore leaving in place a leached volume of south from 
which most of the petroleum has been removed. 

"Production of Synthesis Gas and Related Products Via the Cracking of Heavy Oil Feeds," William P. Hettinger, 
Jr. - Inventor, Ashland Oil Inc., United States Patent 4,744,883, May 17, 1988. In a reduced crude conversion 
the catalyst Is regenerated with a mixture of oxygen-enriched gas and 1120 either as steam or preferably as 
water to provide additional expansion and facilitate fluidization, while converting coke on catalyst to CO and 112 
with minimum CO 2 formation. The CO can be combined with hydrogen to produce methane, methanol or 
Fischer-Tropsch liquid hydrocarbons or can be passed through the reduced crude conversion operation as lift gas, 
or as cooling medium or subjected to water-gas shift to produce additional 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1988) 

ATHABASCA PROJECT - Solv-Ex Corporation and Shell Canada Limited (F-UI) 

The project is a joint venture of Solv-Ex and Shell Canada Limited to undertake the phased development of an open pit mine and 
extraction plant for bitumen on Shell's oil sands lease in Alberta, Canada. 

Phase 1 of the project includes a detailed engineering study and a 1,500 metric tonnes run of oil sands through the Solv-Ex pilot 
plant, located in Albuquerque, New Mexico. 

Pending successful results of the testing and acceptable economic forecasts, the construction of the mine and plant complex 
(Phase II) would begin, with completion targeted for some time in 1990. 

The mine will provide 16,275 tons of ore per day to the extraction plant, which will use the Solv-Ex technology. About 7,500 barrels 
of bitumen per calendar day are expected to be produced, the product to be sold as bitumen or upgraded to synthetic crude at addi-
tional cost. 

The Government of Alberta and the Alberta Oil Sands Technology and Research Authority have agreed to provide financial assis-
tance to the project in the form of a loan guarantee for Phase II of 30 percent of costs up to C$85 million, plus capitalized interest, 
and a C33 million grant for Phase I, respectively. Pilot plant work on Phase I has been completed. The technical and economic 
feasibility is being assessed by Fluor Canada with completion scheduled for September 1, 1987. 

Project Cost:	 C$260 million (Phase II) 
CS10 million (Phase I) 

BI-PROVINCIAL PROJECT- UPORADER FACILITY - Husky Oil Operations Ltd. (F-35) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Lloydminster, Saskatchewan. 
The facility will be designed to process 54,000 barrels per day of heavy oil and bitumen from the Lloydminster and Cold Lake 
deposits. The primary upgrading technology to be used at the upgrader will be H-Oil ebullated had hydrocracking followed by 
delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase 1 of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In May 1988 a tentative agreement was announced involving $650 million of government aid, but requiring Husky to obtain addi-
tional equity participation. 

Project Cost:	 Upgrader Facility estimated at C$1.2 billion 

BURNT LAKE PROJECT - SunCOT Inc., Alberta Energy Company Ltd. and Canadian Hunter Ex ploration Ltd. (F-04 

The Burnt Lake in situ heavy oil plant is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will average 12,500 barrels per day. 

The multi-phase Burnt Lake proiect, which will involve cyclic steaming, was put on hold in 1986 due to low oil prices. 

According to initial plans, the proiect was supposed to be designed after the thermal recovery proiect Suncor operates nearby at 
Fort Kent. There slant wells were drilled in clusters and c yclic steamed.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

Future staces could double production to 25,000 barrels per day. Burnt Lake is estimatedt to contain over 300 million barrels of 
recoverable heavy oil. 

Project Cost: C$80 million through 1990 
C$470 million over 25 years 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT — California Tar Sands Development Corporation (r-06) 

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:	 $5-$7 million 

COLD LAKE PROJECT — Esso Resources Canada Limited (17-20) 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen-
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases 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 S 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake avenged 60,000 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A debottlenecking of the first six phases will add 19,000 barrels per day by year-end 
1988, at a cost of $45 million. 

The AERCB has approved Esso's application to add Phases 7 through 10, which will add another 44,000 barrels per day at an es-
timated cost of $325 million. Detailed engineering is completed and construction is 30% com plete Production will begin in mid-
1989. Total production by 1991 should reach 139,000 barrels per day. 

Project Cost:	 Approximately $850 million for first ten phases 

DAPHNE PROJECT — Petro-Canada (T-25) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. The project is expected to cost billion 
(Canadian). To date over 350 core holes have been drilled at the site to better define the resource. 

Currently, the project has been suspended pending further notice. 

Project Cost:	 $3.8 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT — Texaco Inc. (17-30) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is being 
put on hold due to the current worldwide energy supply picture. As of March, 1988, the Lurgi pilot unit is being maintained in con-
dition for future operations. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost:	 Undetermined
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentcch Corporation, A Subsidiary of OILS Corporation (F-252) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. 'Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois In-
stitute of Technology Research Institute (IITRI) on a single-wellbore electromagnetic stimulation technique for heavy oil. The 
technique uses the well casing to induce an electromagnetic field in the oil-bearing formation. Both radio frequency and 60 cycle 
electric voltage are used. The radio frequency waves penetrate deeply into the formation while the 60 cycle current creates resistive 
heating. 

The first field lest with a commercial well, producing about 20 barrels per day, was put into production in December 1985 in Texas, 
on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy Resources 
Conservation Board, and stimulation started in a well in the Uoydminster area in Alberta, Canada. This well was drilled on Husky 
Oil Operations Limited acreage in the Wildmere Field. Primacy production continued for about 60 days, during which the well 
produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installation of the ORS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The productivity of the well is expected to increase somewhat more as 
the stimulation operations proceed. The economic parameters of the operation are said to be within the range expected. Process 
energy costs have been demonstrated at around $l/bbl. 

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 01150 degrees Fahrenheit. Another ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farniout from Tenneco Oil. The White Wolf lease, 260 acres, is estimated to contain 28 million barrels of 14-16 de-
gree API oil-in-place. Operations are currently underway and testing continues. 

A demonstration field test began in Brazil in late 1987. The test well was initially completed in September 1987. 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (T-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is in-
dicated in other 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 1 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, Amocodrilled 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 frilling in Sections 28 and 29 is expected to continue in 1989. 

Oil production from current wells at Amoco's Elk Point field totals 900 cubic meters per day. Production with these new wells will 
gradually increase totals to approximately 1,280 cubic meters per day.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL PROJECTS (Continued) 

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) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Ltd. (T-29) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986. 

The Phase I project, costing C$90 million, would involve development of primary and thermal recovery operations in the Lindbergh 
and Frog Lake sectors near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 
119 wells were drilled by the end of April, 1988. The steam simulation processes is being evaluated in two sections. 

An additional 160 Phase I wells would be drilled over the project's 20 years life. PanCanadian requested permission to develop two 
sections for steam stimulation of the Cummings sand formation. The wells would be drilled in a seven-spot pattern on 4 hectare 
(10 acre) spacing. PanCanadian expects to develop one-quarter section every two years. Phase I would also include primary 
development of the remaining 14 sections. Of the remaining 14 sections, nine will be developed on 16 hectare (40 acre) spacing, 
and an application to reduce the spacing to 8 hectare (20 acre) on the remaining five sections is currently awaiting approval by the 
ERCB. 

PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase III would go into operation in the late 1990's, and 300 new wells would be drilled on six sections. Production would increase 
to 12,000 barrels per day. Phases It and III would be developed as thermal recovery projects. After cyclic steaming, the patterns 
would be converted to steamiloods or firefloods. 
The schedule originally proposed to the ERCB in 1986 has slipped about three years. 

Project Cost:	 Phase I = 90 Million 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a lire flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project now has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The current oil produc-
tion rate is 1,200 barrels per day. 

Project Cost:	 Estimated $423 million 

LINDBERGH COMMERCIAL PROJECT - Dome Petroleum Limited (T-32) 

Dome Petroleum received approval from the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover 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 12,0DO barrels of oil per day, which when coupled with production from two experimental plants and additional wells will raise 
the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted after 31 wells were 
completed. These wells have been placed on primary production. Steaming, gathering, and processing equipment was committed 
prior to the oil price decline, and is being stored for use when the oil price recovers. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (I7-33) 

Murphy Oil Company Ltd., has completed construction and startup of a 3,000 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 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 tine from the north Saskatchewan River. 
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Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses the a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand 
Rapids zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 
30,000 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project. 

Capital cost was $30 million (Canadian) for the initial installations, with about $12 million in capital additions expected for each 
succeeding year to drill and tie in additional wells. Operating expenditures will be in the order of $12 million per year. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually 

NEWORADE HEAVY OIL UPGRADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government ('1'-35.2) 

Site work has been started for the SM million upgrader project to be built adjacent to the Co-Operative refinery in Regina, Sas-
katchewan. Construction has passed the aS percent completion point and is still scheduled for completion in the fall of 1988. 

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 has selected process technology licensed by Union Oil of California for the upgrader. The integrated facility will be 
capable of producing a full slate of refined products or alternately 50,000 barrels per day of upgraded crude oil or as will be the ini-
tial case, some combination of these two scenarios. 

Project Cast: 	 $700 million 

OSLO GROUP - Esso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. 

The OSLO group, which has been considering a 75,000 barrel per day oil sands mining and extraction plant, has undertaken a new 
C$65 million site evaluation program in the Kearl Lake region near Fort McMurray, Alberta, Canada. Core holes will be drilled 
and seismic surveys run in an effort to delineate a suitable facility location. 

The OSLO (Other Six Leases Operating Agreement) group, composed of Esso Resources, Petro-Canada, Canadian Occidental, 
Gulf Canada, PaaCanadian Petroleum and Alberta Oil Sands Equity, was formed in 1981 to look at a joint venture surface mining 
project. The group's studies have included plants ranging in size from 15,000 to 100,000 barrels per day. To date some $20 million 
has been spent on project studies. 

In late 1987 discussions with the Canadian and Alberta governments were held with the goal of enabling plant construction to begin 
in 1988 and production to be underway in 1994. 

In 3988, Oslo obtained approval for a field test using a dredge to mine oil sands, and then treatin g the dredged material in a 
proprietory cold water extraction process. 

Project Cost: $4 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (1'-353) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an average production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at 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 
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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 ERCB 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 Energy Resources Conservation Board approved Shell Canada's application to expand the Peace River 
project from 10,000 barrels per day to approximately 50,000 barrels per day. 

PREP II, as it will be called, entails the construction of a stand-alone processing plant, located about 4 km south of PREP I. PREP 
II would be developed in four annual construction stages, each capable of producing 1,600 cubic meters per day. 

Although Shell has the ERCB'c concurrence in place, the decision to proceed with PREP II will depend on crude oil price stability 
and fiscal terms as they apply to the project. Recent changes in federal tax law have had an impact on the economic viability of 
projects such as PREP 11. 

Nevertheless, some preparatory site construction work began in the winter 1987-88, which is the best time of the year to build roads 
and drilling pads in the area. In addition, engineering design is being done so that project construction work can begin shortly after 
a decision to proceed with PREP 11 is made. The earliest such a decision would be made is toward the end of 1988. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (TM) 

Dome has proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Dome is earning a 
working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company under-
took a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest in 
eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Dome can earn an interest in an additional 225,000 acres of adjoining oil 
sands lands through development of a commercial production project. The project is estimated to catty a capital cost of at least 
$C1.2 billion and annual operating cost of $040 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each year for the first five years Dome will start a new 400 well, 
5 9000 barrels per day stage. Each stage will cover four sections with sixteen 26 well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. 

Due to the dramatic decline in oil prices, the proposed 1986 drilling schedule has been postponed. The project will proceed when 
oil prices return to levels which make the project viable. 

In January 1984, Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration Inc., which per-
mits those companies to earn a total of 25 percent of Dome's interest in the Primrose pilot recovery project and the proposed com-
mercial production facility. Under this agreement, the two companies have reimbursed Dome for approximately $20 million of its 
costs for the pilot recovery project and will pay one-half of future expenditures on the commercial production project. The two 
companies also have the right to earn a 15 percent working interest in any subsequent projects for the recovery of bitumen from the 
Alberta Energy lands. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SARNIA-LONDON ROAD HELD MINING ASSISTED PROJECT - Dcvran Petroleum Ltd. and Shell Canada Ltd. (T-39) 

Devran and Shell Canada are proceeding with a project to recover 2 million barrels of oil from a long-dormant oil field near the 
southern tip of Ontario. Devran operates the mining-assisted oil recovery project near Sarnia, Ontario. Devran and Shell Canada 
jointly lease approximately 3,900 acres with 1,200 acres in the active field. Known as the Sarnia-London Road Field, the area was 
drilled by Imperial Oil from 1898 to 1901. Production rates from individual wells of two or three barrels of oil per day were re-
corded, with some wells reported to have initial producton rates of over 10 barrels per day. The Sarnia-London Road Field 
produced for 25 years, yielding a significant amount of natural gas with the oil. 
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Unit A is the first production project, designed to produce oil from approximately 600 acres. A shaft has been sunk to a depth of 
430 feet, and two production stations have been established, one for each of two oil-bearing layers. Facilities to collect the oil and 
pump it to surface are included in these production stations. Conventional surface production facilities including a heater treater, 
tanks for storage of the oil, a service building, and a mine shaft house are in place. 

A total of 120,000 feet of horizontal drilling in the two oil layers will allow oil to flow freely along the paths provided by the holes. 
Production rate is expected to be on the order of 600 barrels daily. Satisfactory results from Unit A could lead to follow-up 
development of a second production facility based around a second shaft on Unit B to be located approximately 1 kilometer 
northwest of Unit A. 

Unit A is being financed by Devran and Shell Canada. Devran received a $475,000 grant from the Federal Ministry of Energy, 
Mines and Resources and a $100,000 grant from the Ontario Provincial government. Financing is also facilitated by the quali-
fication of this project under federal government tax incentives encouraging investment in Canadian petroleum exploration. 

The procedure being applied involves three major steps. First, a mine shaft is sunk to the oil layer. Next, a production station is 
excavated where the shaft passes through or reaches the oil layers (the pay zone). Finally, the production station becomes the site 
from which holes are drilled horizontally in a radial or "wagon wheel' pattern into the pay zone. Each production station with its 
set of wells drains by gravity several hundred acres. The length of these horizontal wells is determined by the formation geometry 
and geological conditions. 

First production from the project commenced in November, 1986 

Project Cost:	 $63 million 

SCOTFORD SYWIHETIC CRUDE REFINERY - Shell Canada Limited (F-40) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,000 barrels per day with the design allowing for expansion to 70, barrels per day. Feedstock is provided by 
the two existing oil sands plants, Syncrude and Suncor. The refinery's petroleum products are gasoline, diesel, jet fuel and stove 
oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. 
Refinery and petrochemical plant officially opened September 1984. 

Project Cost: 	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

SUNCOR, INC, OIL SANDS GROUP - Sun Oil Company (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (F-SO) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil, most of which is shipped to Edmonton for distribution. 

Current estimated remaining reserves of synthetic crude oil are 370 million barrels. 

In October, 1987, production was interrupted by a fire which started on a conveyor belt. Partial production was resumed in January 
1988, with nearly full production of 55,000 barrels per day in April. However, rebuilding will not be complete until September 1988. 
At that time, an expansion of capacity to 63,000 barrels per day will be finished. Suncor will also increase its upgrading capacity by 
an additional 10,000 barrels per day to a total of 73,000 barrels per day. Total cost of this expansion is $150 million. 

In 1988 Suncor's Board of Directors a pproved the expenditure of another £50 million on a debottleneckin g proiect. The proiect 
will increase the plant's primary production capacity to 71,000 barrels per day when completed in 1991. 

Suncor has also entered into preliminary discussions with the Alberta and federal governments on the feasibility of a further si g
-nificant expansion of the oil sands plant in the early 1990s. 

Project Cost:	 Not disclosed
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SUNNYSIDE PROJECT - Amoco Production Company CF-600) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of 
combined hydrocarbon leases in the 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 is continuing due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Lease. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - ONC Tar Sands Corporation (F-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by ONC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration 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 Colorñdo 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 ONC 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. 

ONC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, GNC 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 SFC was cancelled by Congressional action. ONC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg and Engelhard indicating feasibility, after the 
decline in prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent 
gasoline and 69 percent diesel. The 7,500 barrels per day plant including 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 - Svnco Enem y Corporation (T-56) 

Svnco Energy Corporation of Orem, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil, fertilizer and electricit y from coal and tar sands. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO2 removed and the gas burned in a gas turbine to 
produce electricity. The hot exhaust gases are then used to make steam and mom, lectricity. 

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 conve yed to the plant by conveyor belt.
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The demonstration size plant would produce 8,000 barrels of refined oil, 330 me gawatts 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 containin g the en-
tire Section 36 of State land bordering the town of Sunnvside. Utah. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada Limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (13.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada Cor-
poration (9.03 percent); HBOG Oil Sands Limited Partnership (5.0 percent); PanCanadian Petroleum Limited (4.0 percent) (T-60) 

In early 1987 Syncrude filed an application with the Alberta Energy Resources Conservation Board for a $4 billion Phase Three expan-
sion. The company submitted the application to get the ERCB's preliminary approval, but a decision to go ahead with the third expan-
sion phase is probably still several months away. The decision will be based on oil prices, crude reserves and royalty agreements. 

If Syncrude decides to go with the project, it would be completed in 1993 and boost the plant's output by 50 percent to over 230, 	 bar-
rels per day, which would be 15 percent of Canada's total crude production. 

Project Cost: 	 Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT —lW Canada Resources Ltd. and Petit-Canada (T-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the "huff-and-
puff" method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

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 bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

The project is going ahead largely due to in and royalty concessions by both federal and provincial governments. In early 1983 the 
Canadian federal government announced that new oil sands and heavy oil projects would be exempted from the Petroleum and Gas 
Revenue Tax until capital costs have been recovered. The Alberta government has indicated that during the early years of the 
project the province will levy only a nominal royalty. This royalty initially could be as little as 1 percent, possibly increasing to as 
much as 30 percent of net profits once the project sponsors recover their investment. 

BP and Petro-Canada 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. 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). In January, 1987 the Alberta ERCB approved BP Canada's application for Phase 2. In June 1987 the 
companies announced their intention to proceed.
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In November 1987, the project was producing bitumen and a program designed to expand production by 2,400 cubic meters per day 
to 3,700 cubic meters per day, total bitumen production was well advanced. The major contract for the central plant was let to 
Fluor Corporation in October, 1987. 

Project Cost: Wolf Lake 1
$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 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (1'-85) 

The project is operated by Bow Valley Industries Ltd. The processutilizes superheated steam, carbon dioxide, and chemicals to 
recover bitumen from the Clearwater formation. This technology was developed by Cannel Energy of Houston, and partially 
tested in heavy oil fields in the United States. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A second phase consist-
ing of a 9-well pad has been in operation since early 1987. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot 
several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf 
pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is left to soak for 
a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in the oil, reducing its viscosity. 
The well is then put on production with back pressure and the gas comes out of solution to provide a gas depletion drive 
mechanism. After the individual welts achieve 'link-up' with this cyclic procedure, the pilot may be converted to a steam drive. 
Carbon dioxide is trucked in to the pilot facility. 

Project Cost: $15 million for the first phase 
$13 million for the second phase 

ATHABASCA IN srru PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Canterra Energy 
Ltd., Tenneco Oil of Canada, Ltd. (T.130) 

The Canterra/TECAN/AOSTRA steamflood pilot commenced operation during December 1981 in one of its two patterns. The 
first pattern consists of 6 producers, '7 injectors, 8 observation wells inside the pattern and 3 outside the pattern, 3 water source 
wells and 3 water disposal wells. A 'modified' second pattern was started up in 1984. The modification consists of four new wells 
drilled to Form a single 9-spot pattern with 8 producers and I injector. There are 2 observation wells inside the pattern and 4 out-
side the pattern. In 1987, the second pattern was expanded with the addition of 4 producers, 2 injectors, and 2 observation wells. 

Due to the decline in crude oil prices, the total field program could not be maintained. The first pattern's steam injection was ter-
minated in September 1986. The expanded second pattern was started up in 1987. Results have been encouraging, 

Project Cost:	 $125 million (estimate) 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. Unocal Canada Limited, Saskoil, Husky Oil Ltd., Hudson's Bay 
Oil and Gas (T-135) 

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. 

In 1987 Mobil began a $32 million expansion program to increase oil production from three in situ wet combustion units. 

This expansion includes drilling additional wells; converting some of the wells to air/water injection; recompleting existing welts, 
and upgrading surface production and air injection facilities.
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At Battrum Unit I the drilling 0(14 new wells and ignition of 8 new burns has been completed. In addition, 14 existing wells have 
been recompleted. Overall completion is expected in mid-1988. At Unit 2, the drilling of 11 new wells and ignition of one new 
bum has been completed. Surface production facilities serving both units arc also being upgraded. 

In total, $16 million is being spent on these two projects. Costs will be shared by the companies participating in these projects. At 
Unit 1, participants are: Mobil Oil Canada, Ltd. 49 percent; Unocal Canada Limited 31 percent; and Saskoil 20 percent. At Unit 
2, participating companies are; Saskoil 46 percent; Mobil Oil Canada, Ltd. 27 percent; Unocal Canada Limited, 16 percent; and 
Husky Oil Ltd. Ii percent. 

The Unit 3 expansion, which involved drilling 21 wells and 3 new burns is near completion with a projected cost of $12 million. The 
unit enlargement involved adding four eighty acre tracts to the unit. Unit participation is as follows: Mobil Oil Canada Ltd. 35 
percent; Unocal 31 percent; Saskoil 14 percent; and Hudson's Bay Oil & Gas 20 percent. 

The air injection plant is also being upgraded to meet the increased demand. Work is expected to be completed by August 1988 

The expansions have increased total oil production from the three units by more than 2,300 barrels per day 

Project Cost: 	 $32 million 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources -140) 

The original project, a single-well experimental in situ project located at 36-61-2-W4M, was terminated in 1975. ERCB approval No. 
2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the recovery of crude bitumen from the Cold Lake Oil 
Sands Deposit. This approval was amended to locate the pilot in Section 31-61-1 W4. Construction began in early May 1977 with 
operation commencing in March 1978. Approval was further amended in November 1981 to convert to drive operation and extend 
expiration to 12/31/1984. Project consists of six producing wells, one steam injection well and eight temperature observation wells. 
A steam drive-producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. Ceased steam injec-
tion at end of 1984. Started heat scavenge phase in January 1985, by injecting all produced and make-up water. 

The project was finally shut-in October 1, 1985 and is presently in suspended status. 

Project Cost: 	 $14 million (estimated) 

CANMET HYDROCRACK1NG PROCESS - Petro-Canada and Partec Lavalin Inc. ('r-175) 

A novel hydrocracking process for the upgrading of bitumen, heavy oil and residuum has been developed at the Canada Centre for 
Mineral and EnergyTechnolo' (CAtThIEF). This CANMET l-Iydrocrncking Process is a single-stage, high conversion process ef-
fective for the conversion of 90 weight percent of the pitch in heavy feedstocks to distillate boiling below 524 degrees C. (Pitch is 
defined as material boiling above 524 degrees C.) An additive is used which acts as a coke preventer and a mildly active 
hydrogenator at moderate pressures. Hydrogen consumption and gas make are lower compared to other hydrocracking processes. 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 

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 80 
weight percent. Up to February 1988 data has been collected for two different feedstocks (pitches from Western Canada Crude 
blend and Cold Lake heavy oil). Pitch conversion of 86 weight percent has been achieved with the Cold Lake Feed. A long term 
test run at high conversion is currently in progress. 

Two scheduled shutdown and subsequent unit inspections show no corrosion or material problems. 

The high conversion Coronet I-IC 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
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CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 

Mobil's heavy oil project is located in T52 and R23, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on ["we-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 
Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations are 
continuing. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-H SYNFUELS DREDGING PROJECT - C-H S ynfuels Ltd. (T-202) 

C-H Synfuels Ltd. plans to construct an oil sands dred ging project in Section 8. Townshi p 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 Murra y subdivision 
of Abasand Heights. Extraction of the dred ged bitumen would take place on a floatin g 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 bane, to either Suncor or the City of Fort McMurra y. Tailings treatment would em ploy a novel 
method combinin g the sand and sludge, thus eliminating the need for a large conventional tailin gs pond. 

C-H yroposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminatin g the need for a slud ge pond. 

Proiccl Cost: Not disclosed 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (T-205) 

Canadian Worldwide currently holds a 25 percent working interest in this 8,960 acre property located approximately 12 miles 
southeast of the town of Bonnyville. An agreement has been reached with Husky Oil Operations Ltd., to proceed with a $5 million 
pilot project to be completed by December 31, 1987. By completing this work, Husky will earn one-half of Canadian Worldwide's 
25 percent interest. Two wells have now been drilled and tested by steam cycling. Production from the first well was very en-
couraging, however, results from the second well were below expectations. As a result of this, along with continued low oil prices, 
further field work has been postponed. Agreement has been reached to extend the completion deadline to December 31, 1988. 

Project Cost:	 $5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (I'-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost: Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (P230) 

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 10 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones are being tested in the Upper 
and Lower Grand Rapids formation. The test well locations are distributed throughout Mobil's leases in Townships 63 and 64 and 
Ranges 6 and 7 W4M. Based on encouraging results, the Iron River Pilot was constructed with operations beginning in March, 
1988. 

Only three wells, all multi-zone completions, are still in operation in 1988; the remaining wells were suspended at the conclusion of 
their testing programs. Beginning in July, 1988, Mobil plans to test three additional multi-zone wells in the Iron River area. 

Project Cost:	 Not disclosed
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DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour la Valorization des Huiles Lourdes (ASVA}IL) (T-247) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations arc to be 
completed by the end of 1987. 

ASVAI-IL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
caise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 
The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost: 	 Not disclosed 

ENPEX SYNTARO PROJECT - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil Company, M. H. Whit-
tier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General Partners) (17-260) 

ENPEX Corporation has operated Texas Tar Sands, Limited's 400 barrels per day San Miguel tar sands recovery project. The 
project has been on-line since January 1984 and produced San Miguel tar at rates of above 500 barrels per day. The project utilizes 
a 50,030 pound per hour fluidized bed coal combustor to provide steam for a steam drive process. Daily production rates in excess 
of 500 barrels per day were achieved. Tar sales were approximately 150 to 200 barrels per day. 

The plant is shut down due to current oil prices. The fluidized bed combustion system and oil processing unit are available for 
operations elsewhere. 

Project Cost: 	 Not disclosed 

£550 COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-270) 

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. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had S® 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 

EYEHILL IN SITU STEAM PROJECT— Canadian Occidental Petroleum, Ltd., Texaco Canada Resources Ltd. and Murphy Oil Com-
pany Ltd. (T-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres- Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982.
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The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 

Project Cost:	 $15.2 million 

Fr. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (T-290) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of 
Alberta. Canadian Worldwide holds a.50 percent working interest in this project, with Suncor as operator. This oil has an average 
gravity of 123 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with steamdrive as an additional 
recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns converted from 1984 through 
1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an 8 well cluster drilled in late 1985. Five additional develop-
ment well locations have been identified. Approximately 73 wells are now operating, including 4 wells which had previously been 
shut-in due to tow oil prices. With production averaging 1,800 barrels per day. Further development work, including tying-in the 
8 wells most recently drilled, has been delayed. Ultimate recoveries are anticipated to be greater than 21 percent with recoveries in 
the 26 percent range in the steamilood areas expected. 
Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

Project Cost: See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (r-295) 

Mobil operates a pilot in the watered-out Fosterton Northwest reservoir. The dry combustion scheme, commenced in 1970, was 
convened to wet combustion in 1977. The pilot was expanded to two burns in 1983, and injection rates were increased. 

Project Cost:	 Not Disclosed 

OLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-297) 

The Gregoire Lake In Situ Steam Pilot ((WISP) Project is an experimental steam pilot located at Section 24l6-7W4. The par-
ticipants are Amoco (123 percent), AOSTRA (75 percent), and Petro-Canada Inc. (123 percent). Other parties may participate 
by reducing AOSTRA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). 
Amoco is the operator. The production pattern consists of a four-spot geometry with an enclosed area of 0.28 hectacres 
(0.68 acres) and includes three observation wells. The process is testin g the use of steam and steam additives in the recovery of 
highly viscous bitumen (lx 10 million cP at virgin reservoir temperature). Sophisticated seismic methods and other techniques are 
being used to monitor the in situ process. 

Reservoir selection, evaluation studies, and construction are complete. The project began operation in September 1985 and was 
onstream in the Fall 1986. 

Project Cost:	 $22 million (Canadian) 

GROSMONT THERMAL RECOVERY PROJECT - UNOCAL Canada limited (1'-300) 

Since 1975, Union has operated seven in situ steam tests and two in situ combustion tests in the Grosmont formation of Alberta's 
carbonate heavy oil deposit. In 1982, a new single five spot pattern was tested using stimulation and drive processes in section 28-
87-19 W4. At present 2 single well huff and puff pilots are still in operation. Participants in this project include the Alberta Oil 
Sands Technology and Research Authority (50 percent), Canadian Superior Oil Ltd. (25 percent) and Union Oil Company of 
Canada limited (25 percent). The project has now been mothballed. 

At the pilot site, the Gitsmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost:	 Not disclosed
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HANGING STONE PROJECT - Petit-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (T-700) 

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. Ten additional wells were drilled 
in the winter of 1987-88 to further delineate the zone of interest. Although continuous production has been achieved, the 
project/process is not commercial at this time. 

Total land holding for the project is one-half million hectares. 

Project Cost:	 Not formulated. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada Ltd. (1-690) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a 10 acre pad development 
with 23 slant and directional wells on eight and four acre spacing within a 160 acre drainage area. The project is 100 percent owned 
by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron River battery facility located on the 
southwest corner of the quarter section. The project is expected to produce 1450 barrels of oil per day. The battery was expanded 
to handle the expected oil and water volumes. The produced oil is transported by underground pipeline to the battery. Pad 
facilities consist of 100 million BTU/hr steam generation facility, test separation equipment, piping for steam and produced fluids, 
and a flare system for casing gas. 

To obtain water for the steam operation, ground water source wells were drilled on the pad site. Prior to use, the water is treated. 
Produced water is injected into a deep water disposal well. The fuel is supplied from Mobil's fuel gas supply system and the treated 
oil is trucked to the nearby Husky facility at Tucker Lake. 

Project Cost:	 $14 million 

JET LEACHING PROJECT - BP Resources Canada Ltd. (1-396) 

BP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The 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. II? 
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 lop 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 weilbore. 

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 (1-340) 

The Kenoco Company, the successor to the Kensynlar Company, is developing a heavy oil project in Western Kentucky. The prin-
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 
Plans are being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of S 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
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LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. -360) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot thick 
Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 acres. 
Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested from 1980 
to 1983 but has been terminated. Huff-and-puff continues. Production rates from the seven-spot area have been encouraging to 
date, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 30,000 Cp at 70 degrees F. Porosity is 33 percent and permeability is 2500 md. 

(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum limited (17-370) 

Dome Petroleum limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in order to 
evaluate an enriched air and air injection f

i
re flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to 

evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

Air was injected into one pattern to facilitate sufficient burn volume around the weilbore prior to switching over to enriched air in-
jection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A concerted plan 
of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. En-
riched air injection was reinitiated in this pattern in August 1985. The blend-up process has been completed with present injection 
rate at 110 million cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any oxygen 
breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen. 

Project Cost: 	 $22 million 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST - Alberta Oil Sands Technology and Research Authority 
-33-1/3 percent; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (T-395) 

BP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority (AOSTRA) entered into an agreement in 
1982 whereby they would test the potential for producing bitumen from the heavy oil deposits in the Cold Lake area of north-
eastern Alberta. The project consists of one cyclic steam stimulation well and two observation wells in the Bill sand of the Lower 
Grand Rapids Formation (B Unit), and commenced in 1982. Initially only one cycle of steam stimulation was considered. The 
project deadline was extended to the end of 1986, consisting of four cycles. The results of the single-well test proved that the BlO 
sand has significant cyclic steam potential. (See Wolf Lake Project listed in commercial projects) 

This test has now been completed and the project has been suspended. 

Project Cost:	 $4.2 million (Canadian) 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGANCOMBINA11ON THERMAL DRIVE PROJECT - Dome Petroleum Company (17-420) 

Dome Petroleum Limited has completed a 44 well drilling program in Section 35-51-4 W4M in the Morgan field in order to 
evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot 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
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PCIEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (T-460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phase I by contributing $30.8 mil-
lion. 

Phase II, designed initially to further test and delineate the resource, is now underway. This phase includes a multi-cycle single well 
steam simulation test at 16-27-84-11 W4 in its sizblii 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 sin gle well test at 13-27 was suspended after completion of its fourth 

evc1c. 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation and CS Resources (T480) 

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 (fircilood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the rirellood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern convened to a water drive. Remaining wells retained on 
production. In January/February 1996,18 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 continues and startup of the steamflood was initiated in fall 1987. 

CS Resources has fanned into 73 sections of Pelican lands owned b y Gulf. To date CS has drilled eiøit horizontal wells to the NW 
of the pilot durin g the Winter of 1987/88. Production of horizontal wells commenced in March of 1988 with all wells in production 
by August of 1988. 

Project Cost:	 Not Specified 

PROVOST UPPER MANN%flLLE HEAVY OIL STEAM PILOT PROJECT - Norcen Energy Resources Limited (P.482) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre in-
verted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until December 31, 1986. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. 

All nine pattern wells were placed on primary production in February 1985. Primary production operations will be maintained at 
all but three wells until start-up of the permanent steam and production facilities in December 1985. 

Project Cost:	 Not Disclosed 

PR SPRING PROJECT - Enercor and Solv-Ex Corporation, (T485) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen.
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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 on at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230,947,000 under the United States Synthetic Fuels 
Corporation's (Sit'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. 

Project Cost:	 $158 million (Synthetic crude option) 
$90 million (Asphalt option) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives and Ministry of International 
Trade and Industry (T-520) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., 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. Hydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. A 10 barrels per day pilot plant with suspended-bed reactor, designed by the 
M. W. Kellogg Company, was completed in 1985 and is in operation. 

Project Cost:	 Not Disclosed 

RAS GHARIB THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (T-527) 

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 cove's an area of approximately 1,300 acres with an average thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million IITU 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 - RTR Oil Sands (Alberta) Ltd. (17-540) 

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.
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Pilot data indicate that the total RTR/Gulf 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. (r-550) 

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 #0980090001 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and more 
recently in 1985. Engineering studies on commercial feasibility are continuing. 

Project Cost: 	 Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada (T-552) 

Amoco Canada in July. 1988 officially opened the company's 16-well heav y oil p ilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 55 wells at this site with most havin g been drilled since 1985. The heavy oil reservoir at 
Soars Lake is located in the S parky formation at a depth of 1,500 meters. 

In the summer of 1987, Amoco began drilling 15 slant wells for the proiect. One vertical well already drilled at the site was in-
cluded in the plans. 

The iniection scheme calls for steamin g three wells simultaneously with the pitiect's single 15 megawatt generator. The unit will 
convert 2.300 barrels per day of water into steam for iniection in the wells. 

Amoco expects initial production from the pilot wells to be about 1,050 barrels per day. 

Proiect Cost: $33 million throu gh 1988 

SOUTH KINSELL.A (ICINSELLA B) - Dome Petroleum Ltd., PanCanadian Petroleum, and Petro-Canada (T-565) 

The project is a test of oxygen combustion in a waterflooded field. The pilot consists of five wells drilled in an inverted five spot 
configuration with two observation wells. Oxygen injection began in April 1985 and both oxygen and water were injected. 
Problems with oxygen breakthrough have occurred and the pilot has been shut in. 

Project Cost: 	 $4.5 million 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AO&I'RA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (1'-580) 

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. AOSTRA 
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:	 Si! million (Canadian)
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TACIUK PROCESSOR PILOT - AOSTRA/The UMA Group Ltd. (T-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William 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 colter, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

AOS1'RA approved a $45 million, two-year extension to the project. The principal objective of this continuation is to carry out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant to be 
constructed and operated in the Athabasca region. 

Consultive participation by industry in this new phase of the project is invited. Interested parties should contact AOSTRA. 

Project Cost:	 To Date:	 $53 million 
Outstanding:	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TANGLEFL4LGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (P626) 

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 500-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangleflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan 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 Tangleilags pilot, with one producing well in place, will produce 300 barrels of oil per day of primary production. Once 
steamflooding is commenced (June 1988), and a production response is seen, production rates are expected to increase to 1,200 
barrels of oil per day by the end of 1989. At that time a decision will be made with respect to expanding the pilot to a commercial 
operation involving five horizontal wells or more. 

Project Cost: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, to 
be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tri-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other S'I'SAs as follows: 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
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Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the lull Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost:	 Unknown 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T.655) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,ODO 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. 

Approximately 1,250 barrels per day of 80 percent quality steam are injected into each well daily. Two portable natural gas-fired 
steam generators rated to 2,700 psi are in use at the pilot. Water For the steam generators will be provided by fresh water wells at 
the site. 

Preliminary estimates indicate that oil in place at the project area exceeds 500 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 pennea-
bility is 1,500 md. Oil gravity is 10 degrees API with a viscosity of 100,000 cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated facilities. 
The project resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil prices. 

Project Cost:	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA) (T410) 

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 AOST'RA as the Phase A program, and a joint test with Chevron Canada Resources of the 
Proprietoty Chevron HASDrive process. 

Process facilities construction is complete and steaming started on both tests in November, 1987. 

Project Cost:	 $100 million 

WOLF LAKE OXYGEN PROJECT (Formerly Marguerite Lake Phase A) - BP Canada Resources, Petro-Canada (T-390) 

BP Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 whereby Hudson's Bay 
and PanCanadian joined BP in a pilot in situ project to produce 900 barrels per day bitumen from the Cold Lake heavy oil deposit 
of northeastern Alberta. At the end of 1985 the first phase of the project was completed. The second phase lasted from 1986 to 
April 1, 1987, when the project agreement expired. The project is located at 7-66-R5-W4M. In view of the earlier success of the 
Marguerite Lake 'B' Unit experimental test, a multi-well cyclic-steam test is being conducted in the BlO reservoir. The test is being 
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carried out in a maintenance satellite of the Wolf Lake project. However, the test is considered to be experimental since no prior 
multi-well cyclic-steam stimulation has been carried out in this formation. Also, some of the welts in this pad are testing the 
producibility of other sands in the B-Unit. The project utilizes cyclic steam stimulation followed by in situ combustion in the Man-
nville 'C' zone at a depth of about 450 meters. The pilot initially consisted of four 5-spot well patterns with 5-acres per well spacing, 
plus four 'out-of-pattern' test wells. Five infill wells were drilled in 1981 and five additional mull wells were drilled in 1984. Initial 
steam injection (Phase A) commenced in mid-1978 and continued through the mid-1980s. Preliminary testing of the in situ com-
bustion stage began in several special test wells located immediately adjacent to the main pilot wells, using air. Oxygen injection was 
successfully tested on an experimental basis in March 1983, and the main pilot area was converted to oxygen injection in October 
1983. The current phase will further develop the combustion process so that it can be taken into the Wolf Lake Project in the 
1990s. Combustion will continue until 1989. 

(See Wolf Lake Project listed in commercial projects.) 

Project Cost:	 $50 million (Canadian) 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T-665) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Avenge permeability is 3.17 mKm2. Temperature 
ranges from 279 to 281 degrees 1C 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 m pa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,ODO shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. Over the past 15 years, 10 million tons of steam 
have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under. 
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cost:	 Not Disclosed
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COMPLETED AND SUSPENDED PROJECT'S 

Project Sponsor Last Appearance in SPIt 

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 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor December 1986; page 3-43 

Calsyn Project California Synfuels Research Corporation March 1984; page 344 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova March 1987; page 3-29 
Petro-Canada, 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 3-42 

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 

Decpsteam Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-51 
Development Project 

Ipiatik Lake Project Alberta Energy Company and December 1986 page 3-63 
Petro-Canada
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Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Ltoydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 343 
Westcoast Petroleum 

Meota Steam Drive Project Conterra Energy Ltd June 1987; page 3-60 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

It F. Heating Project lIT Research Institute March 1983; page 3-43 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project Solv-Ex Corporation March 1985; page 3-45 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 343 

Wabasca Firellood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

200" Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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INDEX OF COMPANY INTERESTS 

Company or Ortanization Project Name 

Alberta Energy Company Burnt Lake Project 3-50 
Syncrude Canada Ltd. 3-58 

Alberta Oil Sands Equity Oslo Group 3-54 
S3mcrude Canada Ltd. 3-58 

Alberta Oil Sands Technology ABC Cold Lake Pilot 3-59 
and Research Authority (AOS'FRA) Athabasca In Situ Pilot Plant 3-59 

Donor Refined Bitumen Process 3-62 
GLISP Project 
Marguerite Lake B" Unit Experimental Test 3-65 
Taciuk Process Pilot 3-69 
Underground Test Facility Project 3-70 

Amoco Canada Ltd. Elk Point 3-52 
GLISP Project 3-63 
Soars Lake Heavy Oil Pilot 3-68 

Amoco Production Company Sunnyside Project 3-57 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 3-59 

B? Resources Canada Ltd. Jet Leaching Project 3-64 
Marguerite Lake 'B Unit Experimental Test 3-65 
Wolf Lake Project 3-58 
Wolf Lake Oxygen Project 3-70 

California Tar Sands Development Corp. California Tar Sands Development Project 3-51 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 3-60 
Technology 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-62 
PCEJ Project 

Canadian Hunter Exploration Burnt Lake Project 3-50 

Canadian Occidental Petroleum, Ltd. Syncnzde Canada Ltd. 3-58 
Hanging Stone Project 3-64 
Oslo Group 3-54 
Eyehill In Situ Steam Project 3-62 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 3-61 

Cantcrra Energy Ltd. Athabasca In Situ Pilot Project 3-59 

C-H Synfuets Ltd. C-H Synfuels Dredging Project 3-61 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 3-60 
Underground Test Facility Project 3-70 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Pilot 3-59 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 3-54 

CS Resources Pelican-Wabasca Project 3-66 

Devran Petroleum Ltd. Sarnia-London Road Field Mining Assisted Project 3-55 

Dome Petroleum Canada Ltd. Lindbergh Commercial Project 3-53 
Lindbergh Thermal Project 3-65 
Morgan Combination Thermal Drive Project 3-65
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Primrose lake Commercial Project 3-55 
South Kinsella (Kinsella B) 3-68 

Enercor PR Spring Project 3-66 

Enpex Corporation Enpex Syntaro Project 3-62 

Esso Resources Canada Ltd. Cold Lake Project 3-51 
Esso Cold Lake Pilot Projects 3-62 
Oslo Group 3-54 
PCEJ Project 3-66 
Syncrude Canada Ltd. 3-58 
Hanging Stone Project 3-64 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-67 

GNC Tar Sands Corporation Sunnyside Tar Sands Project 3-57 

Greenwich Oil Corporation Forest Hill Project 3-53 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-62 
Oslo Group 3-54 
Pelican-Wabasca Project 346 
Sandalta 3-68 
Syncnide Canada Ltd. 3-58 

HBOG Oil Sands Partnership Syncnide Canada Ltd. 3-58 

Home Oil Company Sandalta 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-59 

Husky Oil, Ltd. Battrum In Situ Wet Combustion Project 3-59 
Bi-Provincial Project Upgrader Facility 3-50 
Tucker Lake Pilot Project 3-70 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-67 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCI Project 3-66 
Hanging Stone Project 3-64 

Kenoco Corporation Kenoco Project 3-64 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-61 
Tar Sand Triangle 3-69 

L'Association pour La Valorization Donor Refined Bitumen Process 3-62 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-59 
Celtic Heavy Oil Wet Combustion 3-61 
Cold Lake Steam Stimulation Program 3-61 
Fosterton N.W. In Situ Wet Combustion 3-63 
Iron River 3-64 
Sandalta 3-68 

Murphy Oil Canada Ltd. Eyehilt In Situ Steam Project 3-62 
Lindbergh Commercial Thermal Recovery Project 3-53 
lindbergh Steam Project 3-65 
Tangleflags North 3-69 

NewGrade Energy Inc. NewGrade Heavy Oil Upgrader 3-54 

Norcen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-66 

Ontario Energy Resources Ltd. Suncor, Inc. 3-56
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ORS Corporation Electromagnetic Well Stimulation Process 3-52 

PanCanadian Petroleum Elk Point Oil Sands Project 3-53 
Oslo Group 3-54 
South Kinsella (Kinsella B) 348 
Syncnide Canada Ltd. 3-58 

Partec Lavalin Inc. CANMET Llydrocracking Process 3-60 

Petro-Canada CANMET Hydrocracking Process 3-60 
Daphne Project 3-51 
GLISP Project 3.43 
Hanging Stone Project 3-64 
Marguerite Lake B Unit 3-65 
Oslo Group 3-54 
PCEJ Project 3-66 
South Kinsella (Kinsella B) 3-68 
Syncrude Canada Ltd. 3-58 
Wolf Lake Project 3-58 
Wolf Lake Oxygen Project 3-70 

Research Association for RAPAD Bitumen Upgrading Project 3-67 
Petroleum Alternatives 

Rfl Oil Sands Alberta, Ltd. Rfl Pilot Project 3-67 

Saskatchewan Government NewOrade Heavy Oil Upgrader 3.54 

Saskoil Battrum In Situ Wet Combustion Project 3-59 

Sceptre Resources Ltd. TangJefla	 North 3-69 

Shell Canada Resources, Ltd. Athabasca Project 3-50 
Peace River Complex 3-54 
Sarnia-London Road Field Mining Assisted Project 3-55 
Scottiord Synthetic Crude Refinery 3-56 

Solv-Ex Corporation Athabasca Project 3.50 
PR Spring Project 3-66 

Southworth, Ray M. Enpex Syntaro Project 362 

Suncor, Inc. Burnt Lake Project 3-50 
Fort Kent Thermal Project 3-63 
Suncor 3-56 

Sun Oil Company Suncor, Inc. 3-56 

Synco Energy Corporation Synco Sunnyside Project 3-57 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-59 

Texaco Inc. Diatomaceous Earth Project 3-51 

Texaco Canada Resources Lid. Eychill In Situ Steam Project 3-62 

Texas Tar Sands, Ltd. Eapex Syntaro Project 3-62 

Uentech Corporation Electromagnetic Well Stimulation Process 3-52 

Underwood McLellan & Associates Taciuk Processor Pilot 3-69 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-59 
Grosmont Thermal Recovery Project 3-63 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-71
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Whittier, M. H.	 Enpex Syntaro Project 	 3-62 

Worldwide Energy	 Fort Kent Thermal Project	 3-63 
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PROJECT ACTIVITIES 

Atifi/BASIN AUDIT DISPUTE SETflS) 

The Department of Energy has approved a settlement 
of contract differences between Basin Electric and 
ANG Coal Gasification Company. The agreement also 
requires the approval of the Rural Electrification 
Administration. 

The agreement between Basin Electric and ANG 
resolves all outstanding audit issues and enables the 
gasification plant to achieve greater efficiencies and 
productivity. The gasification plant will be allowed 
to provide Basin Electric with up to 1,000 tons of 
additional coal fines per day. This will allow the 
gasification plant to economically dispose of the ad-
ditional coal fines resulting from maximizing gas 
production capability. 

Cumulatively, this settlement will result in annual 
gas revenue for the gas plant of about $2 to 
$2.5 million while not increasing Basin Electric's 
costs. 

BASIN ELECTRIC TO BUY GREAT PLAINS 

Secretary of Energy John S. Herrington selected 
Basin Electric Power Cooperative as the preferred 
buyer for the Great Plains Coal Gasification Plant 
located in Beulah, North Dakota. According to the 
announcement, the offer submitted by Basin could 
have a value to the government as high as 
$1.8 billion over the next 21 years. Herrington said 
that the consumer-owned regional cooperative, head-
quartered at Bismarck, North Dakota offered the best 
combination of value to the government and as-
surances of continued operation for the plant. 

Basin was one of nine prospective purchasers of the 
Great Plains plant, which was built In the early 
1980s.	 Great Plains was acquired by the Energy 
Department in 1985, when its private sponsors 
defaulted on nearly $1.5 billion in federal loans. At 
that time, Secretary Herrington rejected a proposal 
that Included an additional $720 million in federal 
subsidies and a loan from the default reserve fund 
totaling $673 million, saying that additional subsidies 
"wouldn't provide assurance of long-term operation of 
the plant at a reasonable cost to the taxpayers and 
the nation." A 1985 Department of Energy analysis 
indicated that under the "best case scenario," oil 
prices would have to rise to $160 per barrel by the 
year 2009 for the proposal to work. 

The $1.8 billion of value to the government would 
be in "undiscounted" dollars, or dollars valued at the 
time they are received. Approximately $85 million 
would be received as an initial cash payment;

another $105 million would be returned from the 
project's cash reserve fund; approximately 
$649 million could result from future profit sharing 
if energy prices follow General Accounting Office 
projections; $590 million would result from the 
waiver of certain federal tax credits available to 
the project; and $367 million would be received as 
federal income taxes. 

Under the sales structure, the actual value of the 
agreement will vary with inflation and gas prices. 
Based on the department's views of these factors 
and discount rates, the present value of the Basin 
offer would be approximately $600 million. 

In addition, Basin, which owns a coal-fired electric 
power plant adjacent to the Great Plains project and 
which already shares both coal and water supplies 
with the synthetic fuel project, will commit to con-
tinued operation of the facility until the year 2009 
as long as • revenues exceed expenses. 

Basin Is expected to retain the majority of the more 
than 800 employees currently operating the facility. 

The actual transfer of title to the facility Is ex-
pected to take place in October, The Department 
of Energy Is required to forward a detailed descrip-
tion of the sale terms to Congress for a mandated 
30-day review before the agreement can become ef-
fective. 

Basin was chosen over two other offerors - the 
Coastal Corporation, the parent company of one of 
the original plant owners, and Mission First Financial, 
a subsidiary of Southern California Edison - selected 
by the Energy Department to negotiate possible sale 
terms. Six other companies also submitted offers: 
Beta Pipeline and Equipment, Inc.; FUN Energy, Inc.; 
Industrial Engineering Services; Irving A. Backman; 
Complete Energy Petroleum, Inc.; and The Three Af-
filiated Indian Tribes of the Fort Berthold Reserva-
tion. 

A guarantee of continued plant operation was a 
Department of Energy priority In evaluating the 
proposals. 

The Antelope Valley generating station (AVS), which 
is part of the Basin Electric power supply system, 
shares water supply, water treatment, coal handling, 
rail and transmission facilities with the gasification 
plant. AVS also supplies 91 megawatts of electric 
power required for the gasification plant to operate. 
Basin Electric and the gasification plant also realize 
economies from large-scale joint development of the 
Freedom Mine which supplies lignite for operations at 
AVS and the gasification plant. 

Therefore, Basin Electric's principal objective in sub-
mitting a bid was to ensure long-term operation of 
the plant,	 thereby protecting these investments, 
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under its Clean Coal Technology Program. The 
project was described in the Pace Synthetic Fuels 
Report, March, 1988, page 4-6. 

revenues and economies of scale, estimated to be 
worth about $37 million annually to the Cooperative. 

COOL WATER COAL GASIFICATION PROGRAM COM-
PLETES 479 YEAR OF OPERATION 

The Cool Water Coal Gasification plant celebrated its 
fourth year of operation this summer as the nation's 
first commercial-scale integrated coal gasification 
combined-cycle (10CC) power plant. 

"IGCC technology for repowering and new generation 
applications is expected to play a major role In fu-
ture power generation," according to J. 	 Allen 
Wampler,	 Assistant Secretary for Fossil Energy, 
Department of Energy, during a visit to the plant. 

Through 1987, Cool Water achieved a 70.5 percent 
annual capacity factor--that Is double the capacity 
(actor reported for the first year of operation In 
1984. The plant operated with an 85.2 percent 
capacity factor for the second half of 1987. 

Coot Water's superior environmental performance is a 
proven reality, with air emissions averaging only 
10 percent to 20 percent of the allowable Federal 
New Source Performance Standard for nitrogen oxide, 
sulfur dioxide and particulates. 

Cool Water's operating record has been particularly 
impressive since this plant is a first-of-a-kind com-
mercial demonstration project, integrating coal 
gasification with a combined-cycle system for the 
production of electricity. 

Since the June 1984 startup, the plant has operated 
in excess of 21,900 hours and generated more than 
2.1 million megawatt hours of electricity from more 
than 898,000 tons of coat. The Cool Water plant 
has successfully gasified three different American 
coals (Utah SUFCo, Illinois #6 and Pittsburgh #8), 
with tests on a fourth coal (Australian Lemington) 
recently completed.

#4th 

STONE & WEBSTER BEGINS ENGINEERING ON OHIO 
ONTARIO PROJECT 

Stone & Webster Engineering Corporation has begun 
engineering and environmental permitting work as 
part of the first phase of a project to design and 
construct a $225 million plant in Ohio that will con-
vert a mixture of high-sulfur coal and heavy oil 
into clean-burning liquid fuels. 

Ohio Ontario Clean Fuels, Inc., of Warren, Ohio, is 
one of several companies selected by the United 
States Department of Energy for financial assistance

Ohio Ontario's first-of-its-kind commercial facility 
will produce clean liquid fuels from coal that can 
be used for transportation or power plants. The 
demonstration project Is expected to last about 
seven years, and will include design, construction 
and an initial three-year operating phase. 	 After
that time, the plant will operate commercially. 

Stone & Webster and Hydrocarbon Research, Inc. 
(HRI) are the major subcontractors to Ohio Ontario 
Clean Fuels, Inc. (OOCF). LIRI is the licensor of the 
coal/oil coprocessing technology and is performing 
the process design and pilot plant confirmation of 
the technology for OOCF. In addition to process 
design and environmental permitting work, Stone & 
Webster's responsibilities will include detailed en-
gineering, procurement and construction management 
as well as overall project management. 

The facility will blend BOO tons per day of high sul-
fur Ohio coal with 8,675 barrels per day of residual 
oil. It will produce 4,500 barrels per day of 
gasoline quality naphtha and 7,250 barrels per day 
of middle distillate liquid fuels. These can be used 
In turbines, or combined cycle additions and utility 
boilers or as products or intermediates in refineries. 
High conversions, that is over 90 percent of the 
coal and heavy resid to clean fuels, 	 can be
achieved. 

Benefits to Utilities 

The potential environmental benefits of the 
coprocessing approach were discussed in a paper by 
R. Shannon prepared for the UNITAR/UNOP Con-
ference on Heavy Crudes and Tar Sands in August. 
He notes that the acid rain problem is stimulating a 
new interest in clean fuels by both governments and 
the private sector. An ICF report prepared for the 
Environmental Protection Agency states SO, emissions 
are forecast to grow by five million tons and at the 
same time NO X emissions will increase by six million 
tons per year to 12.6 million tons by 2010. To 
burn coal cleanly, nitrogen and metals must be 
removed as well as sulfur. 

It may not be generally recognized that the low-
sulfur coals of western North America contain 
nitrogen, another acid rain precursor, at the same 
levels as eastern coals. Therefore, use of western 
coals, although they are low in sulfur, does not 
completely solve the add rain problem. However, 
according to OOCF, the low nitrogen content of 
coprocessed fuel compared to other Ohio coal or 
western coal could reduce NOx emissions by as much 
as 70 percent. 

Coprocessed fuel is produced from environmentally 
undesirable fuels In a more efficient and less costly 
manner than alternatives. Most coal plants are now 
directly capable of burning significant amounts of 
eoprocessed fuel with very low cost modifications. 
Existing coal burners that use oil for startup can 
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carry about one third of full load on oil and with 
modest additional modification can go as high as 
50 percent. In order to raise loads on oil above 
50 percent, new burners would be required but they 
are not expensive. 

Ohio's sulfur oxide emissions from power plants 
(which at 2.01 million metric tons In 1985 are the 
highest of any state) could be reduced over 
75 percent, while also reducing NO emissions sub-
stantially,	 by	 substituting	 coprocessed	 fuel
100 percent for coal. Coprocessed fuel would yield 
$0 2 emissions of only 0.33 pounds per million BTU, 
while coal from all sources consumed by Ohio power 
plants averages $02 emissions of over 4.0 pounds per 
million BTU. 

A partial substitution of coprocessed oil for coal 
may be more feasible for specific plants, resulting in 
a blend of coprocessed oil and coal that can arrive 
early at the national benchmark for sulfur com-
pliance at existing power plants of 1.2 pounds of 
sulfur dioxide per million BTU of fuel burned. 

Eccmomics of Coprocessing 

Annual revenues of the Ohio plant are projected ini-
tially at $120 million, and cash flow after tax and 
debt service in the range of $20 to $30 million. 
Projected annual return on equity is just over 
20 percent on the prototype plant. Project 
economics are enhanced by the favorable financing 
arrangements. 

The fundamental basis for the favorable economies is 
that the plant converts abundant, low-cost, high-
sulfur coal and simultaneously upgrades low value 
heavy oil, into valuable high quality liquid oil 
products. 

About 50 percent of the plant raw material is low-
cost, high-sulfur coal which Is not expected to 
respond to rising international oil prices. This 
provides a degree of economic insensitivity to 
changing oil prices.

Low-sulfur, low-nitrogen coprocessed fuel can be 
blended with coal to achieve projected emissions 
standards at cost levels which are directly competi-
tive with fuel switching to low-sulfur coal or with 
flue gas desutfurization. This is particularly sig-
nificant for older plants in which new, expensive 
emission control apparatus for 50x' F4O x and/or par-
ticulate Is economically unwarranted. The use of 
coprocess fuels would extend the life of the plant, 
cleanly, with modest Investment and operating costs 
compared with alternatives. 

Coprocessed fuel as an over-the-fence fuel provides 
a method for a utility to avoid the substantial capi-
tal costs/risks of alternative clean coal technologies. 

Coprocessed fuel also provides an economic alterna-
tive to gasification combined cycle plants without 
the capital cost of the gasification units. 

Ohio Ontario also says that coprocessed fuel reduces 
the costs (economic, social and environmental) ac-
companying reagent waste disposal from power plants 
having flue gas desuifurization units. 

Table 1 outlines the economics of delivery and use 
of low-sulfur coal to two power plants on or near 
Lake Erie. 

The estimated cost of low-sulfur coal is respectively 
$68 per ton and $62 per ton to these Ohio plants. 

This assumes current low-sulfur coal prices with an 
increase in cost due to strong market demands, ex-
tra capital conversion costs, and increased collector 
surface. 

Based on these factors, the ratio of coprocessed fuel 
to coal used is given in Table 1. The cost of 
coprocessed fuel would have to be $21.38 and 
$28.07 per barrel in the first year to compete with 
low-sulfur coal.	 This range of cost is said to be 
achievable. 

TABLE 1 

ECONOMICS OF (DPWX)ESSIFC FUEL RLflID 10 ACHIEVE
TARGET OF 1.2 LB (s02)/acntJ 

Utility Ohio Edison Toledo Edison 
Plant Niles Bayshore 
96 Co-Processed Oil 83% 44% 
Capacity Factor 3096 30% 
G%M1/Year 657 1,685 
Avg. Heat Rat?A BTU/kWh 10,040 10,820 
Heat Input 10	 BTU 6.6 18.2 
Millions Bbis. Oil/Year 0.9 1.4 
Coprocess Oil Cost to Break 

Even With Low-Sulfur Coal 
$/Bbl.	 First Year $21.38 $28.07 
Levelized (Mills/kWh) 56.03 73.57 
First Year	 (Mills/kWh) 35.75 46.95
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Coal/OR I'mcess Syicrgi 

Coal can be added to either a vacuum or atmos-
pheric resid derived from heavy asphaltic oils. A 
process synergy results because the metals in the oil 
are predominantly or entirely removed by being 
deposited on the ash on the conl rather than on the 
catalyst. 

The presence of coal mineral matter enhances the 
conversion of the petroleum derived residuum while 
the residuum and its products acts - as a hydrogen 
donor to the coal. 

Overall conversion to distillate products is greater 
for coal/oil coprocessing than would be achieved by 
separate processing of the coal and oil in coal U 
quefaction and resid upgrading, respectively.

In	 view	 of	 the successful	 commercial	 operations of 
the	 Il-OIL	 unit at	 the Texaco	 Convent,	 Louisiana 
refinery and elsewhere and the operating success and 
the	 experience of	 the lI-COAL,	 209	 ton	 per day 
unit,	 which	 did operate In the coprocessing mode at 
startup,	 OOCP believes there	 is	 a	 high	 level of 
technical	 confidence in	 "coal/oil	 simultaneous 
upgrading."

FIRE SHUTS DOWN GREAT PLAINS BRIEFLY 

On July 14, a fire at the Great Plains gasification 
plant in North Dakota resulted In a two-week shut-
down of production. 

It was reported that corrosion of carbon steel piping 
apparently resulted In a gas leak which was ignited 
by a spark. No Injuries were reported, but an es-
timated $1.5 million in damage was done to a con-
trol instrumentation area. 

Although the leak occurred in only one of the two 
gasification trains and the fire was controlled within 
a few minutes, both gasification trains had to be 
shut down because of damage to the Instrumentation. 
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CORPORATIONS 

BATFELLE NESTED FIBER FILTER HAS GASIFICATION 	 developing diesel engines that could burn coal as a 
APPLICATIONS	 dry solid or mixed with a liquid to form a slurry. 

Last November, DOE picked two firms--Arthur D. 
Battelle is developing a nested fiber titter for ad- 	 Little,	 Inc.,	 and GE Transportations Systems to 
vaneed industrial coal combustion applications for the 	 develop a commercial prototype of a coal-burning 
United States Department of Energy. 	 diesel engine based on these fuel forms. 

The filter, made of alloy fibers formed by rapid 
solidification,	 requires less space than traditional 
techniques. Rapid solidification Involves casting 
metal in sheet, ribbon, wire, or fiber form directly 
from molten metal poured onto a cold spinning 
cylinder. 

In fabricating the nested fiber filter, the rapidly 
solidified fibers are placed onto a grid or screen, 
creating a mesh "nest" with high voidage for gas 
flow at low pressure drop. The gas passes through 
the fitter and deposits dust particles on the fibers. 

"Results	 show that	 we are	 capturing more	 than 
99.5	 percent of	 the	 dust coming	 Into the	 filter," 
says Battelle. "This easily meets environmental Stan-
dards.	 Plus, there	 is a	 substantial cost-savings 
benefit	 since the	 fibers	 are,	 in	 effect, regenerative 
and	 the	 filter takes up so little	 space."

The filter Is intended for use In coal gasification, 
fluidized beds, and coal-fired turbine engines. 

The next stage in the two-year project will involve 
testing mechanical methods to Incorporate the filter 
into equipment. Battelle researchers will examine 
options in filter loading, gas movement, and struc-
tural support. 

CATERPILLAR AND UCC TO STUDY COAl. GASIFIER 
FOR LOCOMOTIVE ENGINES 

The Department of Energy (DOE) announced that it 
will provide Caterpillar Inc., of Peoria, Illinois, 
nearly $4 million for a three-year research program 
to develop an on-board coal gasifier and a gas-fired 
diesel engine for railroad locomotives. 

Traditionally, researchers attempting to resurrect coal 
as a fuel for locomotives have concentrated on

The Caterpillar concept adds a third approach to the 
Energy Department's coal-fired diesel development 
program. It involves a compact gasifier device that 
could fit inside a locomotive and fuel a gas-fired 
diesel engine. 

Under the contract, Caterpillar will team with United 
Coal Company, of Bristol, Virginia, to develop a fuel 
processor or gasifier. As Caterpillar envisions the 
commercial system, the processor would be made up 
of several compact processing vessels small enough 
to be Installed in a locomotive. Each of the vessels 
would process about 70 pounds of coal every two 
minutes. 

For the research program, the lab-scale test rig will 
be comprised of two fuel processing vessels about 
one-sixth the size of a commercial unit. The coal 
would be subjected to air-blown gasification at high 
pressures and moderate gasification temperatures. 
Although low in heat content (approximately 100 BTU 
per cubic foot), the high-pressure coal gas would be 
suitable for burning In a modified, ignition-assisted 
diesel engine.	 Limestone In the processor vessels 
would capture sulfur to reduce emissions. 

While work on the fuel processor is underway in 
Bristol, Virginia, engineers at Caterpillar's technical 
center in Mossville, Illinois, will concentrate on 
modifying a single-cylinder, high-compression -ratio, 
60-horsepower, diesel engine to run on simulated 
coal gas. If the parallel research efforts are suc-
cessful, Caterpillar hopes to demonstrate a prototype 
unit that would connect the fuel processor directly 
to a 4,000 horsepower diesel engine through a 
proprietary Injection technique. 

Such a coal-fired diesel engine could be ready for 
field tests in 1996 under Caterpillar's research plan 
and would be commercially available to the railroad 
industry in the latter half of the 1990s. 
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GOVERNMENT 

DOE COAL PROGRAM AWARDS 28 UNIVERSITY GRANTS	 Brij ii. Moudgil, Materials Science and Engineer-
ing, University of Florida, "A New Approach in 

The Department of Energy (DOE) selected 28 colleges	 Ultrapurification	 of	 Coal	 by	 Selective 
and	 universities	 to	 receive	 grants from the	 Flocculation." 
federally-funded University Coal Research Program.

Hen T. Zinn, Aerospace Engineering, Georgia 1n 
The academic researchers will receive $5.7 million in 	 stitute of Technology, "Reduction of NO  and 
grants to study novel coal research Ideas. 	 SO2	 Emissions	 from	 Coal	 Burning	 Pulse

Combustors." 
The competition Is run annually by the Energy 
Department to encourage fundamental study of coal 
and coal-related processes by the nation's academic 
community and to help train future coal scientists 
and engineers. 

The 28 colleges and universities will actually carry 
out 33 projects selected from 299 proposals that 
were screened by experts from private industry, 
government and academia. 

The teacher-student research teams will conduct a 
wide range of basic coal research. This year's 
categories include coal science, coal surface science, 
reaction chemistry, advanced process concepts, en-
gineering fundamentals and thermodynamics, environ-
mental science, and high temperature phenomena. 

The projects will last from two to three years, and 
the size of the grants ranges from $72,000 to 
$200,000. Following Is a list of the 33 projects: 

Henry L. Barwood, Arkansas Mining and Minerals 
Research Institute, Arkansas Tech University, 
"Detoxification and Generation of Products from 
Coal Combustion Wastes." 

George R. Gavalas, Chemical Engineering and 
Environmental Engineering Sciences, California 
Institute of Technology, 'Thermally Induced 
Structural Changes in Coal Combustion." 

Shirley C. Tsai, Chemical Engineering, California 
State University, Long Beach, California, "Roles 
of Additives and Surface Control in Slurry 
Atomization." 

Charles S. Campbell, School of Engineering, 
University of Southern California, 
"Mechanics/Heat-Transfer Relation for Particulate 
Materials." 

David FL Mason, Chemical Engineering, Stanford 
University, 'Electrochemical Abatement of Pol-
lutants NO and SO, in a Solid-Oxide 
Electrolyte d'eactor." 

John L. Falconer, Chemical Engineering, Univer-
sity of Colorado, "Steam Gasification of Carbon: 
Catalyst Properties." 

Carl A. Koval, Chemistry and Biochemistry, 
University of Colorado, "Removal of Nitrogen 
and Sulfur Compounds from Coal Liquids."

Donald	 L.	 Crawford,	 Bacteriology	 and
Biochemistry, University of Idaho, "Bioprocessing 
of	 Lignite	 Coals	 Using	 Reductive
Microorganisms." 

Batric Pesic,	 Metallurgy-College of Mines, 
University	 of Idaho,	 "Electrochemistry 	 of
Thiobaciuus Ferrooxidans Reactions with Pyrite." 

Linn R. Belford, Chemistry, University of Illinois, 
"Spin -MappIng of Coal Structures with ESE and 
ENDOR." 

Charles A. Eckert, Chemical Engineering, Univer-
sity of Illinois, Urbana, "Supercritical Fluid 
Thermodynamics for Coal Processing." 

John G. Verkade, Chemistry, Iowa State Univer-
sity, "n3lp NPR Analysis of Coal Moieties Ucar-
Ing -011,-NH, and -511 Functions." 

Thomas K. Green, Chemistry, Western Kentucky 
University, "Thermodynamics of the Solvent 
Swelling of Coals." 

Frank Ohene, Chemistry, Grumbling State Univer-
sity, "Correlation of Stability/Rheology Relation-
ship of Coal Water Slurries with Coal Properties 
and Chemical Additives." 

Joseph M. Okoh, Natural Sciences, University of 
Maryland Eastern Shore, "Gaseous Phase Surface 
Modification of Coal." 

Adel F. Sarofim, Energy Laboratory and Chemi-
cal Engineering, Massachusetts Institute of Tech-
nology,	 "Mechanistic and Kinetic Studies of 
High-Temperature 	 Coal	 Gas	 Desulfurication
Sorbents." 

Richard J. Rosa, Mechanical Engineering, Mon-
tana State University, "Corrosion and Arc Ero-
sion in MHD Channels." 

Michel U. Louge, Sibley School of Mechanical 
and Aerospace Engineering, Cornell University, 
"Scale-Up of Circulating Bed Coal Combustors." 

John J. Eisch, Chemistry, State University of 
New York at Binghamton, "Bimetallic Promotion 
of Cooperative Hydrogen Transfer and 
Heteroatom Removal in Coal Liquefaction." 

4-6	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



Milton Urchin, Chemistry, University of Cincin-
nati, "Coallfication by Clay-Catalyzed 
Oligomerization of Plant Monomers." 
Shi-Chune Yao, Mechanical Engineering, Carnegie 
Mellon University, "Plasma Assisted NO, Reduc-
tion in Existing Coal Combustors." 

Kamil Klier, Chemistry, Lehigh University, 
"AlkaliJ'FX2 Catalysts for CO/112 Conversion of 
C1-C4 Alcohols." 

Subliash Chander, Mineral Engineering, Pennsyl-
vania State University, "Enhancement of Surface 
Properties for Coal Beneficiatlon." 

Harold H. Schobert, Materials Science and En-
gineering,	 Pennsylvania	 State	 University, 
"Inhibition	 of	 Retrogressive	 Reactions	 in
Coal/Petroleum Processing." 

Nawin C. Mishra, Biology, University of South 
Carolina, "Genetics of Coal Bioliquefaction by 
Neurospora Grasse." 

K. Aimamnial, Texas AtM Research Foundation, 
"Experimental Studies on Group Ignition of a 
Cloud of Coal Particles." 

Pearlle M. Pennell, Chemistry, Texas Southern 
University, "A Study of Microbial Enzymes and 
Coal Liquefaction." 

V. Joseph Bucks, Mining Engineering and Fuels 
Engineering, University of Utah, "Methane For-
mation and Retention in Coal." 

Wendell H. Wiser, Fuels Engineering, University 
of Utah, "Fundamental Studies in Production of 
C2-C4 Hydrocarbons from Coal." 

Kenneth H. Means, Mechanical and Aerospace 
Engineering, West Virginia University, "A Study 
of Coal Particle Shape and Three-Body West." 

Henry W. Haynes, Jr., Chemical Engineering, 
University of Wyoming, "Novel Supports for Coal 
Liquefaction Catalysts.' 

PHOSPHORIC ACID FUEL CELLS DRAW ADDm0P4AL 
FUNDING 

In an effort to overcome the final economic hurdle 
to the commercial use of "first generation" phos-
phoric acid fuel cell power plants, the United States 
Department of Energy has awarded a new research 
contract to International Fuel Cells (IFC) of South 
Windsor, Connecticut. 

The goal of the four-year, $8.6 million federal con-
tract is to develop a more advanced, higher perfor-
mance fuel cell for electric power generation that 
would be significantly cheaper to build and install

than today's technology. Since they combine high 
efficiencies with virtually no on-site pollutant 
releases, fuel cells have long held promise as a 
clean power option for utility power plants or in-
dustrial cogeneration. 

Yet, while early versions of the technology have 
reached technical maturity, fuel cell manufacturers 
have been unable to attract significant electric 
utility interest in the United States. A Department 
of Energy report to Congress this April cited the 
high current price of fuel cells as the principal 
reason for the lack of commercial purchases by the 
domestic electric utility industry. 

To compete with other energy sources, the initial 
installed costs of a fuel cell power plant will likely 
have to be in the range of $1,500 to $2,000 per 
kilowatt of electricity generated. Current costs are 
well in excess of those numbers. 

Overcoming the price barrier will require a combina-
tion of technological advancements and the improved 
economies of mass production volume. To improve 
the technology, IFC will attempt to increase the 
power produced for a given size of a phosphoric 
acid fuel cell by 20 percent or more. Phosphoric 
acid fuel cells are the most developed of the dif-
ferent fuel cell technologies. The current state-of-
the-technology produces about 141 watts of power 
per square foot of cell area. IFC hopes to increase 
the power output to more than 175 watts per square 
foot. 

Boosting this power density while at the same time 
reducing material and processing costs would hope-
fully lower the cost of manufacturing fuel cells by 
as much as 25 percent. 

Under the new contract, IFC will design and build 
one small, developmental fuel cell stack and two 
stacks that are each 10 square feet. A stack is 
the core of a fuel cell module. Inside the stack, a 
hydrogen-rich gas made from natural gas or coal 
gives up its chemical energy in the form of electri-
cal current. 

IFC's advanced stack design is termed "Configuration 
B" to distinguish it from an earlier version developed 
under a federal contract awarded in 1983 and which, 
to date, has been the basis for commercial offerings. 
Each 10 square foot "Configuration B" stack will 
have about 30 cells hooked in series. Both of the 
larger stacks will be tested for 1,500 hours. A 
fourth stack will be constructed for long-duration 
testing under a separate contract with the Electric 
Power Research institute. 

The contract is divided into six tasks: 

Developing a conceptual design of a full-
scale phosphoric acid fuel cell stack that has 
a power density of at least 175 watts per 
square foot and a projected life of 
40,000 hours. 
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- Developing the necessary advanced fuel cell 
stack components. 

- Devising lower-cost manufacturing processes 
to produce the stack components. 

- Updating the full-scale conceptual design, 
designing a development stack, and designing 
three sub-scale fuel cell stacks that can be 
used for testing and cost analyses. 

- Constructing the development stack, and con-
structing two sub-scale stacks and providing 
construction cost data. 

- Testing the stacks. 

SIX NEW FUEL CELL PROJECTS FUNDED 

The Department of Energy announced in August that 
It Is providing nearly $2 million to six companies for 
research to Improve fuel cells. It said that the 
new contracts are intended to explore advanced 
techniques for running the fuel cells on gas made 
from coal while making them more reliable, cheaper 
to fabricate and ronger lasting. 

The six contracts are with Westinghouse Electric 
Corporation, of Pittsburgh, Pennsylvania; Ceramatec 
of Salt Lake City, Utah; Garrett Airesearch of Tor-
rance, California; the Institute of Gas Technology 
(ICT) of Chicago, Illinois; Texas AMA Research Foun-
dation of College Station, Texas; and Giner Inc., of 
Waltham, Massachusetts. Each contract will run for 
24 months. 

The contracts tall into three categories of research, 
based on the electrolyte used. Giner Inc. will con-
centrate on the phosphoric acid fuel cell which is 
closest to commercial reality. Westinghouse, 
Ceramatec and Garrett will focus on the solid oxide 
fuel cell, a higher temperature, longer-range con-
cept. IGT and Texas AIM will examine advanced 
concepts termed "solid-state, proton-'conducting fuel 
cells.' 

Phosphoric Acid Fuel Cells 

Giner	 will	 work	 on adapting phosphoric acid fuel 
cells	 to	 run	 on	 coal gas. In particular, the firm 
will	 make	 and	 test	 a	 new anode	 material that can 
tolerate	 contaminants such as carbon	 monoxide and 
sulfur found in gases made from coal.

Solid Oxide Fuel Cells 

Westinghouse, Ceramatec and Garrett will focus on 
solid oxide fuel cells which are fabricated from 
ceramics.	 The solid materials used in these fuel

cells require them to run at much higher tempera-
tures (around 1.,800 0 F), but offer the potential for 
more efficient operation. 

Westinghouse will investigate a technique to improve 
fabrication of the tubular version of the solid oxide 
fuel cell. In the tubular design, a porous ceramic 
support tube is surrounded by additional ceramic 
layers--an air electrode, a solid zirconia electrolyte, 
a fuel electrode and an lnterconnectorall bonded 
together to make a multi-layered tube. The ceramic 
nature of the concentric tubes lends itself to highly 
automated, solid state manufacturing. Westinghouse 
will study a technique in which the electrolyte and 
interconnecting materials are deposited by a plasma 
are spray. 

Ceramatec will experiment with another configuration 
of the solid oxide technology, one in which the in-
dividual cells are flat rather than tubular. The 
company will focus on materials and fabrication 
methods that permit scaling up to larger and more 
economical cell sizes. 

Garrett will examine a version of a solid oxide fuel 
cell termed a "monolithic' fuel cell, In which many 
cells are linked together In n manlier resembling a 
stack of corrugated cardboard. Researchers will 
concentrate on developing more economical ways of 
fabricating the cells and gauging the change in per-
formance as a result of different fabrication tech-
niques. 

Solid State Proton-Conducting Fuel Cells 

In this type of fuel cell, the electrochemical reac-
tion takes place when a proton migrates through the 
electrolyte from the anode to the "cathode." In the 
solid oxide fuel cell, by contrast, the reaction moves 
In the opposite direction and instead of a proton, a 
negatively-charged oxygen ion moves through the 
electrolyte. 

IGT will work on developing crystalline forms of 
proton-conducting electrolytes. The crystalline 
materials will be comprised of mixtures of ceramic 
compounds known as perovskltes. These compounds 
could permit the fuel cell to operate as much as 
700 0 F cooler than a conventional solid oxide fuel 
cell while retaining high efficiencies. This could 
make the selection of suitable materials easier and 
permit lower cost systems. 

Texas A&M will make and test solid electrolytes 
made from polymers. The solid polymers could relax 
the need to keep internal pressures within the cell 
in precise balance and could reduce cell degradation 
due to losses that occur in other electrolytes. A 
cell using this type of electrolyte could be cheaper 
and more efficient than phosphoric acid fuel cells 
and operate in the same 400 0 F temperature range. 
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ENERGY POLICY AND FORECASTS 

NCA FORECASTS RECORD PRODUCTION/DEMAND IN '88 

The production and consumption of United States 
coal will reach record levels by the end of 1988, 
the National Coal Association (NCA) predicts. 

Production of bituminous, lignite, and anthracite coal 
Is forecast to total 926 million tons this year, nine 
million tons more than the record 917 million tons 
produced in 1987, according to the midyear forecast 
of coal markets prepared by the association's 
Economics Committee.	 Consumption, including ex-
ports,	 Is expected to total 932 million tons, 
15 million tons, or 1.3 percent, greater than in 
1987. 

The mid-year forecast has been revised significantly 
from estimates made in December. The strength of 
1987's fourth quarter in both production and utility 
coal consumption are now expected to continue 
through 1988, rather than abate as earlier expected, 
and the second summer of abnormally hot weather 
and drought have contributed significantly to boost-
ing utility coal use nationwide. 

The forecast calls for the real rate of growth in 
GNP to be 2.9 percent In 1088, equivalent to both 
1986 and 1987. The rate of increase in industrial 
production, as measured by the Federal Reserve 
Board's Industrial Production Index, is expected to 
slow slightly from 1987 and is expected to increase 
by 3.2 percent in 1988. The rate of increase in 
electrical generation is also expected to be slightly 
lower this year, 2.9 percent versus the 3.4 percent 
experienced in 1987. 

"All of the mid-year estimates are more optimistic 
than those seen earlier in the year," according to 
the forecast. "Economic activity and industrial 
production in the first quarter were much higher 
than previously expected and continue at strong 
levels. The unanticipated strength in both indicators 
is led by manufacturing activity for the export 
market; retail spending for consumer durables is also 
higher than earlier forecast adding to the growth in 
real CMI'," the forecast points out. 

Electric Utilities 

The factors leading to increased coal consumption by 
utilities last year, poor hydro conditions and In-
creased manufacturing activity, are expected to also 
positively impact 1988 consumption levels. 

Electrical	 generation	 is	 expected to	 increase
2.9 percent, but coal's share of the market will 
decline slightly to 56.5 percent, primarily as a result 
of an increase In nuclear generation and strong 
inter-fuel competition. Hydro conditions, originally 
forecast to return to normal, have worsened and the 
drought is expected to have a negative effect on 
available hydropower for the remainder of the year 
boosting coal burn, especially in the west.

Nuclear's share of generation will Increase due to 
full year operation of the 7.2 glgawatts of nuclear 
power that came on line during 1987 and the three 
nuclear plants that have come on line in the first 
half of 1988: Houston Power and Light's South 
Texas No. 1, Detroit Edison's Ferris and Common-
wealth Edison's Braidwood. 

Slightly more than 2.6 gigawatts of new coal fired 
power came on line in 1987 and an additional 
1.8 glgawatts of coal-fired power are expected in 
1988 in Florida, Texas and Georgia. Under these 
conditions, coal consumption by utilities Is forecast 
to reach 733 million torts in 1988, 15 million tons 
above 1987 levels. 

Metallurgical Coal 

In 1988 raw steel production is forecast to total 
90 million tons or possibly slightly above. Electric 
furnace production is expected to be approximately 
37 percent of total and pig iron production should 
be 50 million tons. Coking coal consumption, assurn-
ing the same efficiencies in production of both pig 
iron and coke, will be 38 million tons. Coke 
demand, if substantially above last year's 36 million 
ton level, may have to be met by an increase in 
imports. Coking capacity, at a coal consumption 
rate of about 38 million tons annually, appears to 
be at about the limit. 

Industrial/Retail 

Despite economic growth and stronger than expected 
industrial activity, 1988 industrial/retail coal con-
sumption will remain at last year's level of 
82 million tons. Industrial coal consumption is very 
sensitive to inter-fuel competition and as gas con-
tinues to be available at favorable prices, coal will 
not be used. The 1988 forecast assumes full year 
operation of the Great Plains Coal Gasification 
facility. 

Exports 

United States exports are expected to decline only 
marginally from 1987 levels, the first time since 
1985 that exports have not experienced a major 
decline. 

Competition from Venezuela, Colombia and China 
have the capacity to meet any Increase in world 
demand. Offsetting this will be exchange rates and 
ocean freight rates which should work for, not 
against, United States coal in 1988. Further, there 
appear to be some labor problems in competing 
countries, Australia in particular, and China appears 
to be having some logistical problems. 

Coal Production 

The record production levels experienced last year 
are expected to continue in 1988, especially as con-
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surnption at utilities (particularly western utilities), 
continues to increase. 	 Through July 2, production 
was 471.3 million tons,	 5.3 percent above the
447.7 million tons in the same time period 1087. 

East of the Mississippi, production for the first five 
months of this year totaled 241.4 million tons, three 
percent above the corresponding 1987 period. All 
states were showing an increase in production, ex-
cept Western Kentucky, Maryland, Ohio, and Ten-
nessee. 

In the vest, the relative increase in production in 
1988 is very high, reflecting, in part, effects of 
selected strikes in early 1987. 	 Western production 
totaled	 147.9	 million	 tons	 through May,	 up
14.7 percent from 1987 levels. In the west, produc-
tion Is up most significantly in Montana (17 million 
versus 10 million tons); New Mexico (8.3 million ver-
sus 6.9 million tons) and in Wyoming (66.8 million 
versus 56 million tons). 

Based on this information, as well as consumption 
levels, it Is expected that 1988 production will in-
crease to 926 million tons--348 minion tons in the 
west and 578 million tons in the east. 

Coal stocks at consumer locations are expected to 
drop by six million tons in 1988 although the draw-
down could be much greater depending upon the ef-
fect that the drought has on transportation. All the 
decline will be in the utility sector as they draw 
down stocks built up in late 1087 in anticipation of 
a labor strike. 

CERI RECOMMENDS COAL/at COPROCESSING FOR 
CANADA 

The Canadian Energy Research Institute of Calgary 
has issued a report on "An Assessment of the Poten-
tial for Coal-Derived Syncrudes in Canada.' 

The Canadian Energy Research Institute (CERI) is a 
cooperative research organization sponsored by six 
parties: Energy, Mines and Resources Canada, the 
Alberta Department of Energy, the Private Energy 
Research Association (composed of corporate and in-
dividual members from oil, gas, coal, electrical, 
nuclear energy and pipeline companies), the Univer-
sity of Calgary, the Ontario Ministry of Energy, and 
the Saskatchewan Department of Energy and Mines. 

In introducing the study, CMII observes that Canada's 
predicted future dependency on foreign supplies of 
crude oil translates to potentially significant, yet 
uncertain economic costs to the Canadian economy in 
the mid to long-term. Within that context, the new 
report examines recent advances in coal liquids 
technology and assesses the potential role of coal-
derived synthetic fuels in Canada's evolving energy 
technology mix.

The conventional approach to assessing an energy 
technology is to carry out a standard economic 
process analysis. The CERI study goes one step fur-
ther. It embeds the process economics of recent 
advances in coal liquids technology within the 
framework of a large-scale energy model, which 
takes into account all competing technologies over a 
long-term planning horizon. The model allocates, on 
an optimal basis, all the relevant Canadian energy 
resources--conventional and frontier crude oil, 
natural gas, bitumen, and coal--among the potentially 
available technologies and also over time. 

Canada's Coal Resource Base 

Canada's reserves of coal are immense and represent 
the largest proven reserves of any energy resource 
in Canada. Recent estimates indicate that domestic 
coal reserves contain 2.3 times the combined energy 
of all of Canada's other non-renewable energy 
resources. 

Alberta's large reserves of subbituminous coals seem 
well suited to recent technological improvements in 
coal/oil coprocessing and direct coal liquefaction. 

While Canada's resource base indicates a significant 
potential for coal-derived synthetic fuels, the hulk 
of coal conversion research has concentrated on the 
bituminous and subbitu ninous coals of the United 
States. The characteristics of these United States 
coals differ somewhat from the subbituninous coals 
of Canada's Western Plains Region, which contain 
higher levels of oxygen and ash. 

Direct Liquefaction Status 

CERi notes that there have been dramatic improve-
ments made in coal liquefaction technology, espe-
cially in the last five years, and the impact of 
these improvements has not been widely appreciated. 
The trend in process refinement in recent years has 
been towards milder operating conditions--lower 
pressure and temperature. Recent advances in the 
yield of distillate liquids without major penalties in 
hydrogen usage together with less severe operating 
conditions has meant a dramatic improvement in coal 
liquefaction economics. 

In the mid to late 1970s, the economies of direct 
coal liquefaction indicated that the cost of crude oil 
liquids from coal would be in the range of 
US$60-s80 per barrel. However, new designs and 
cost estimates based on recent improvements in 
technology show a 60 percent decrease in the cost 
of liquids from coal, down to an equivalent of 
US$35 per barrel for crude oil. Moreover, additional 
improvements have been identified which could lower 
the cost of liquid fuels from coal to about 
US$25 per barrel over the next few years. 

Coal/Oil Crocasing 

Coal/oil coprocessing is a relatively new coal U-
quefaction process which has gained considerable in-
terest in the last decade. This process involves the 
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Process was also included in order to evaluate and 
compare the two-stage liquefaction process with the 
earlier single-stage process configuration. 

simultaneous conversion of coal and heavy oil or 
bitumen to synthetic crude oil. 

Coprocessing utilizes coal to increase distillate yields 
while eliminating the high recycle oil requirement of 
direct coal liquefaction. In the earlier direct coal 
liquefaction pilot plants, some 70 percent of the to-
tal liquid product stream was recycled In order to 
slurry the raw coal.	 In coprocessing, the recycle 
solvent Is replaced with fresh oil. Capital equip-
ment is thereby more effectively used and the cost 
per unit of output is reduced. 

CERI believes that coal/oil coprocessing has the 
potential for creating new domestic markets for in-
expensiva low rank subbituminous coals, natural gas 
and heavy oil/bitumen. Overall, coal/oil coprocessing 
offers a number of advantages, especially where 
coal, heavy oil and/or bitumen and natural gas are 
centrally located and available at reasonable cost. 

The use of coal/oil coprocessing upgrades bitumen to 
light oil. Thus coprocessing would act to reduce 
the concern over diluent supply and the potential 
saturation of the United States export market for 
bitumen. 

By all indications, coal/oil coprocessing appears a 
near-term application to the production of clean liq-
uid fuels from coal. Current economies indicate 
that the cost of coal/oil coprocessing Is within 
reach of the production costs of integrated mined 
oil sands operations. 

Within Alberta, Canadian Energy Developments Inc. 
has recently completed a detailed technical and 
financial analysis of a proposed coal/oil coprocessing 
facility. The proposed plant was assumed to begin 
operations in 1992 and produce 20,900 barrels per 
day of syncrude quality crude comparable to that 
presently produced by Suncor and Syncrude. In 
1987, Ontario agreed to fund a feasibility study of a 
prototype coal/oil coprocessing plant. In Nova 
Scotia, recent work has centered on the application 
of two-stage coal/oil coprocessing for the upgrading 
of Cape Breton coals, employing the process technol-
ogy to be used at the Ohio Ontario prototype com-
mercial coprocessing plant in the United States. 

Research Analysis 

While the assessments undertaken in the last several 
years point to a dramatic improvement In the 
economics of coal liquefaction, these studies have 
tended to evaluate coal liquefaction in Isolation. In 
Canada, the cost of producing coal liquids must be 
competitive with the cost of production and delivery 
of frontier oil, synthetic crude oil from integrated 
mined oil sands plants, as well as in situ recovery 
and subsequent upgrading of heavy oil and bitumen. 
It Is in this broader context that recent advances In 
coal liquids technologies were evaluated and assessed 
by CERI. 

Hill's Catalytic Two-Stage Liquefaction Process was 
chosen as indicative of a state-of-the-art direct U-
quefaction process.	 The Hill Single-Stage H-Coal

Supply cost calculations for an Alberta location indi-
cated that two-stage catalytic processing has indeed 
resulted in significant improvements in the cost of 
producing coal-derived liquid fuels.	 Including fuel 
and feedstock costs, the two-stage liquefaction 
process represents only 82 percent of the total 
supply cost of the single-stage direct liquefaction 
process. However, while comparative improvements 
in economics are evident, the total supply cost of 
the two-stage direct coal liquefaction process is still 
relatively high, over C$44 per barrel. 

An economic evaluation of coal/oil coprocessing was 
based on single-stage coprocessing of coal and 
bitumen. The supply costs of the various options 
are graphically displayed in Figure 1 for 1995--a 
point in time when all process technologies are ex-
pected to be on a comparable footing in terms of 
the lead-time required for commercial demonstration. 
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As presented in the figure, the supply costs of 
coal/oil coprocessing stand at C$38 per barrel com-
pared to two-stage and single-stage direct liquefac-
tion costs of C$44.38 per barrel and C$54.32 per 
barrel, respectively. A high conversion bitumen 
upgrader has a supply cost of C$35.46 per barrel, 
followed by costs of oil sands plants and low con-
version heavy oil/bitumen upgraders of C$36.05 and 
C$36.97 per barrel, respectively. 

Sensitivity analyses were undertaken to examine the 
effect of oil price uncertainty on the relative stag-
ing of coal liquids production. A low-price trajec-
tory results In a virtual standstill in new investment 
In synthetic crude oil capacity additions--low oil 
prices are Insufficient to bring on new production In 
oil sands plants, upgrnders or coal liquids plants. 
The net effect of low oil prices is a significant in-
crease In Canadian demand for light crude oil and a 
marked reliance on imports. Alternatively, a 
forecast of high oil prices implies substantial growth 
in all synthetic crude oil options, particularly coal-
derived synthetic fuels. 

Conclusions 

CERI concludes that coal liquefaction has reached 
the stage where it represents a potentially economic 
and viable supply option for Canada in the mid to 
latter 1990s. Coal/oil coprocessing, the simultaneous 
conversion of crude bitumen and coal, is an upgrad-
ing technology of special near-term merit. 

A demonstration facility Is fundamental in order to 
fully appreciate the potential role of coal liquids 
technology In helping to fill Canada's widening 
supply-demand gap for light crude oil.	 If the 
United States prototype demonstration facility 
proceeds as planned, Canada can forego a significant 
near-tern investment and devote its attention to 
conceptual and economic evaluations for specific 
coals and siting locations, A research and develop-
ment commitment to evaluation of developments In 
the United States and other countries would pave 
the way for a state -of -the-art Canadian demonstra-
tion facility. A production startup date of 1997 is 
believed a realistic time frame for such a develop-
ment.

CErn stresses that the economic benefits of addi-
tional coal development, together with an increased 
understanding of Canada's resource potential, under-
line the importance of a serious research and 
development commitment to coal/oil coprocessing. If 
International oil prices do rise, Investment In coal/oil 
coprocessing would be economic in the latter 1990s 
and considerable work would have to be undertaken 
In the next few years. 

In addition, CERL's assessment of coal liquids tech-
nology was based on using a discount rate of 
12 percent for all supply options considered. This 
in effect assumes that the project risks for all 
supply options--reflecting geological risk,	 process 
costs,	 oil prices and social and environmental
impacts--are the same for all of Canada's various 
energy supply options. In fact, they are not equal 
and reducing the discount rate for coal liquids to 
account for comparatively lower geological and social 
risk would act to lower calculated supply costs. 

In summary, CERI states that research geared to the 
evaluation of Alberta subbituminous coal Is required, 
and that coal/oil coprocessing could be commercially 
viable in the 1990s. Canada has a window of op-
portunity to examine the remaining issues associated 
with coal/oil coprocessing technology and its adaptt-
tion to Canadian coals and siting opportunities to 
ensure that the best and most appropriate technology 
is installed when required. 

On this basis, CERI strongly recommended that the 
Canadian government and the governments of the 
major coal-producing regions of Canada combine to 
study all relevant issues for the eventunl construc-
tion of a coal/oil coprocessing facility. 

Unlike tar sands mining/processing plants, bitumen 
upgrading and frontier resource development, coal/oil 
coprocessing is economic on a relatively small scale, 
can be sited adjacent to existing infrastructure and, 
hence, can be geographically distributed so as to 
minimize the economic boom/bust and dislocation ef-
fects associated with mcgaproject development. 
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ECONOMICS 

CANADIAN ENERGY DEV.OPMENTS SAYS COAL/Oil. 
COPROCESSING IS ECONOMICAL 

Canadian Energy Developments Inc., of Edmonton, Al-
berta, Canada, says that simultaneous upgrading of 
Canadian heavy oil and coal to synthetic crude ap-
pears feasible for C$19.75 per barrel--about C$5 per 
barrel cheaper than product from conventional heavy 
oil processes. 

The company says the price-break occurs because 
low-cost coals can be substituted in coprocessing for 
up to one third of the heavy oil feedstock. With 
feedstock costs substantially lower than for tradi-
tional upgraders, 	 the process shows commercial
potential even with continued low world oil prices. 

Details of their analysis were presented at the 
Fourth UNITAR/UNDP Conference on heavy Crude and 
Tar Sands, held In Edmonton in August. 

Canadian Energy is developing coprocessiag technol-
ogy in cooperation with the Alberta Office of Coal 
Research and Technology (AOCRT) based on Alberta 
subbituminous coals and heavy oil/bitumen. Canadian 
Energy's overall objective Is the construction and 
operation of a commercial scale coprocessing 
upgrader In Alberta in the 1990s. 

Based on the process development work completed 
over the past four years, Canadian Energy commis-
sioned a screening study with Kithorn Energy Inc. to 
compare the technical and financial potential of two 
alternative	 processes	 In	 the	 context	 of	 a 
25,000 barrel per day coprocessing upgrader. The 
two processes are the CCLC High Conversion 
Hydrogenation Process and the PYROSOL Mild 
Hydrogenatlon/ilydrocoking Process. 

Technology Overview 

In the coprocessing technology being developed by 
Canadian Energy, Alberta heavy oil/bitumen and 
subbitutnlnous coal are simultaneously processed In 
hydrogenation systems to yield high quality synthetic 
crude products containing substantial quantities of 
naphtha, middle distillate and vacuum gas oil and 
only minor fractions of residual material (+525 0 C). 
Coprocessing offers substantial technical and financial 
advantages over coal liquefaction or hydrogenation as 
the heavy oil serves as a slurrying medium for the 
coal and also acts as an efficient hydrogen donor 
solvent during coal solvolysis. 

Block flow diagrams are shown, Figures 1 and 2, for 
the CCLC and PYROSOL Processes, respectively. 
Each block flow diagram shows the main process 
steps required to convert the coal and heavy oil to 
"synthetic crude," including heavy oil fractionation, 
primary conversion, secondary hydrotreating, hydrogen 
production and gas treating. 	 In each case,
22,400 barrels per day of heavy oil (excluding

diluent) and 2,190 tonnes per day Run-of-Mine coal 
are processed to yield the high quality "synthetic 
crude" product, 27,370 barrels per day for the CCLC 
Process and 24,460 barrels per day for the PYROSOL 
Process. 

The major differences between the CCLC and 
PYROSOL Processes are in the primary conversion 
reaction sections, their related operating conditions 
and in the relative quantities of naphtha, middle 
distillate and heavy distillate (vacuum gas oil) in the 
"synthetic crude" products. A comparison of process 
conditions, hydrogen consumption and product yields 
for the two process Is given in Table 1. 

In the CCLC Process, the coal and heavy oil 
residuum (from the heavy oil fractionation unit) are 
slurried, catalyst Is added and the resultant slurry Is 
subjected to coal solvolysis at a temperature of 
380-420 0 C and a pressure of 8-10 MPa 
(1,900-2,600 psig) for conversion of the hydrocarbon 
values to lighter distillate products. The distillate 
products are recovered by fractionation, processed In 
secondary hydrotreaters and recombined to form the 
"synthetic crude" product. Residue from the frac-
tionation unit, containing +525 0 C hydrocarbons, un-
reacted coal, ash and spent catalyst, Is combusted in 
a fluid bed combustion (FEC) unit for recovery of its 
thermal value as high pressure superheated steam. 

In the PYROSOL Process, the coal/heavy oil 
residuum/catalyst slurry Is mixed with hydrogen and 
Is subjected to mild hydrogenation at a temperature 
of 380-420 0 C and a pressure of 10-13 MPa 
(1,450-1,900 psig). 

Coal solubilization and coal/heavy oil hydrogenation 
reactions occur In the reaction system. Light distil-
late fractions are recovered from the hydrogenation 
product steam and the residual material is mixed 
with additional hydrogen and is subjected to 
hydrocoking (coking In the presence of hydrogen) at 
a temperature of 480-520 0 C and a pressure of 
8-10 MPa (1,150-1,450 psig). The distillate products 
are recovered by fractionation, processed in secon-
dary hydrotreaters and recombined to form the 
"synthetic crude" product. Coke from the hydrocok-
ing unit, containing unreaeted coal, ash and spent 
catalyst, is combusted in a fluidized bed combustion 
(FBC) unit for recovery of its thermal value as high 
pressure superheated steam. Alternatively, the coke 
can be utilized in a nearby thermal power plant or 
steam generating facility as a substitute for a por-
tion of the feed coal. 

Financial Analysis 

Capital, product revenue and operating cost estimates 
were developed for the conversion of Cold Lake 
heavy all and Alberta subbituminous coal into high 
quality "synthetic crude" products via the CCLC or 
PYROSOL coprocessing technologies. 
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FIGURE 1 

CCLC PROCESS FOR COAL/OIL COPROCESSING 
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FIGURE 2 

PYROSOL PROCESS FOR COAL/OIL COPROCESSINC
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The estimated capital cost, in 1988 Canadian dollars, 
is $670.5 million for the CCLC Process and 
$658.3 million for the PYROSOL Process. 

Annual product revenues were estimated for the two 
coprocessing cases based on conventional crude oil 
price forecasts plus a quality bonus for the 
"synthetic crude" product. The revenue estimates, In 
1993 dollars to coincide with scheduled plant star-
tup, are summarized In Table 2. 

Annual operating costs are summarized in Table 3 
for the two coal/heavy oil coprocessing technologies. 
The price of Cold Lake heavy oil delivered to the 
coprocessing plant in Alberta was set at $19.80 per 
barrel, based on 70 percent of the forecast price 
for conventional crude oil in 1993. The heavy oil 
price does not Include the cost of diluent as it will 
be recovered and returned to the production field 
for use as additional diluent. The price of Alberta 
subbituminous coal delivered to the coprocessing 
plant was set at $16.00 per tonne in 1088 and es-
calated to $20.00 per tonne in 1993 dollars using 
expected inflation rates. Natural gas was priced at 
$2.05 per thousand cubic feet in 1988, representing 
the current price in Alberta to large volume in-
dustrial users, and escalated to $2.50 per thousand 
cubic feet in 1993 dollars to coincide with plant 
startup.

The financial potential of the two coprocessing tech-
nologies relative to various oil price forecasts was 
assessed by establishing low, intermediate and high 
crude oil price scenarios and determining Discounted 
Cash Flow Rates of Return to 100 percent equity 
for each case. The base case results showed 
returns of 9.8 percent and 7.3 percent for the CCLC 
and PYROSOL Processes respectively. This increased 
to 14.4 percent and 12.3 percent respectively, for 
the high price scenario. The results are encouraging 
because project rate of return is positive even for 
the low oil price scenario (which Is representative 
of current low oil prices). Similar analyses for 
heavy oil upgrading projects routinely show negative 
rates of return at the current low prices of crude 
oil without substantial government participation. 

Ccmcbssions 

Based on the results of their screening study, earlier 
screening and feasibility studies and the ongoing 
development program the following conclusions have 
been drawn by Canadian Energy Development: 

- The technical and financial analyses clearly 
demonstrate the commercial potential of both 
the CCLC and PYROSOL Process concepts 
even with current low crude oil price 
forecasts. 
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TABLE 1

(ELC AND PYI)SOI. PROCESS aNPARI S(tI 

ZLC Process	 PYROSOL Process 

Soiiysis 
Stage First - 
leap °C 380 - 420 
Pressure MPa B - 10 
Hydrogenation 
Stage Second First 

leap °C 440 - 460 380 - 420 
Pressure MPa 13 - 10 10 - 13 
Hydrocoking 
Stage - Second 

leap °C 480 - 520 
Pressure	 Wa 8 - 10 
Hydrogen Consunpt Ion 
For Reaction, Wt. 96 2.2 0.9 
For Ilydrotreating, Wt. % 1.5 1.7 
Product, Wt. % 
Naphtha (C5 -200) 26.5 7.2 
Middle Distillate 

(200 - 380 0 C) 34.2 40.0 
Heavy Distillate 

(+ 380 0C) 14.4 20.3 
Total "Synthetic Crude" 75.1 67.5 
Material to FEC 
+ 525°C HC + Solids 14.2 - 
Coke - 20.8 

TABLE 2 

COMPARISON OF WPROCESS 1*3 PIflWF REVUES 

QLC PYROSOL 
Process Process 

Annual Revenue ( 1993), 3K/Yr 
Synthetic Crude ($190/rn ) 272,500 243,400 
Propane/Butane (5133.50/rn3 ) 12,900 11,300 
Sulfur ($120/bane) 5,300 6,200 
Amnonia ($300/Tonne) 3,700 3,700 

Total Revenue (1993), $K/Yr 294,400 264,600
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TABLE 3 

ANNUAL OPERATING WST ESTIMATE 
(1993 Thousands of Dollars Per Year) 

	

LC	 PYROSOL 

	

Process	 Process

Raw Materials 
Coal 14,500 14,500 
Heavy Oil 146,400 146,400 
Natural Gas 21,600 15,200 

Labor and Overhead 17,400 17,400 
Maintenance Parts and 

Contract Maintenance 8,600 8,500 
Insurance and Taxes 7,900 7,800 
Catalysis and Chemicals 4,100 4,000 
Utilities 1,500 1,500 

Total Operating Costs 222,000 215,300

- There is no significant difference between 
the commercial potential of the two process 
options. 

- Compared to heavy oil only upgrading, 
coprocessing technologies offer better finan-
cial potential as the capital costs are similar 
and feedstock costs for coprocessing are sub-
stantially lower. 

- The combination of extensive reserves of 
highly reactive subbituminous coal, heavy 
oil/bitumen and natural gas, established in-
frastructure in Alberta, and the use of 
coal/heavy oil coprocessing technology provide 
an attractive method of producing high 
quality "synthetic crude" under current and 
projected future market conditions. 

Canadian Energy says it Is currently negotiating with 
several companies for the design, construction and 
operation of a small commercial scale demonstration 
facility using either the CCLC or PYROSOL technol-
ogy. Engineering of the first commercial plant is 
expected to be in progress by 1991. 

nfl 
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TECHNOLOGY 

UNITED COAL TESTS COAL-DERIVED DIESEL FUEL 

In the past, the impression people have about non 
hydrotrented coal-derived liquids generally has been 
that the material is heavy, gummy, highly aromatic 
and has high carbon and heteroatom (nitrogen, 
oxygen, and sulfur) contents, with low hydrogen or 
aliphatic contents. The nature of coal liquids in 
general tended to render poor combustion engine 
performance,	 non-acceptable environmental conse-
quences, and hazardous operating conditions. It is 
due to these negative characteristics that coal li 
quids have failed in many direct applications, includ-
ing running locomotives. 

However, United Coal Company Research Corporation's 
(UCCRC) Richard Wolfe says that mild gasification 
(MG) liquids, especially those produced under rela-
tively slow heating rote conditions, are generally su-
perior in quality to those produced from high-
severity coal liquefaction processes. Proper selection 
of mild coal gasification conditions can give rise to 
unusually light coal liquids,	 with relatively low 
heteroatoin and high hydrogen contents. MG liquid 
aromaticity is also somewhat lower than many other 
coal liquids. Furthermore, MG liquids have a higher 
energy content than that of the petroleum liquids on 
a volumetric unit basis. 

UCCRC has been involved in an extensive research 
and development program on mild gasification with 
funding from the United States Department of Energy 
(DOE) and the Commonwealth of Virginia, Division of 
Energy. Their program was recently reviewed at the 
DOE Contractors' Meeting, in r.lorgantown, West Vir-
ginia in July. 

The	 objective	 of	 the program	 reviewed	 is to 
evaluate	 the	 viability	 of using MG	 coat	 liquids as 
locomotive	 diesel	 fuels. The major	 tasks	 of this 
project	 are	 to	 obtain	 a supply of	 coal-derived II-
quids;	 refine	 the	 liquids into a	 suitable	 fuel for 
diesel	 engines;	 test	 the engines with	 the	 fuel; and 
conduct a mobile locomotive demonstration test.

Approximately 20,000 gallons of Coalite liquid, have 
been obtained from Coalite, 	 Ltd.,	 Chesterfield, 
England.	 This material is similar to the liquid 
derived from UCCRC's Mild Gasification Process 
(MGP). Successful performance of ConnIe -liquid 
derived diesel fuel on a locomotive engine test 
would imply a similar result of applying the MGP 
derived diesel fuel. 

The Coal Liquids Refinery 

A liquid coal refinery facility (see Figure 1) with a 
42,000 gallon per day coal liquid processing capacity 
has been purchased and erected at UCCRC's new 
research and development center in Bristol, Virginia. 
This facility consists of a processing skid, a tank

farm, and loading and unloading equipment. The 
processing skid is designed to produce three fuel 
products simultaneously from the coal liquids, diesel 
fuel, gasoline blending stock, and heavy industrial 
fuel. It utilizes a primary coal liquids distillation 
column, attached with a stripping column for the 
coal-derived diesel fuel. 

Chanctextstics of Mild Gasification Coal Liquids 

Some research reports have indicated that mild 
gasification processes with relatively slow heating 
rate (<10 C per second) tend to produce better liq-
uid quality (in terms of atomic LI/C ratio and liquid 
average molecular weight) while suffering from lower 
liquid yield, in comparison with very fast heating 
rate processes. Although UCCRC is hoping to 
develop a process which will deliver both good 
quality coal liquid and also decent liquid yield, it 
appears that their process is more likely to fall into 
the relatively slow heating rate category. 

For this type of mild gasification process, the coal 
liquid Is expected to contain about two percent (by 
weight) coal fines, five percent water, five percent 
naphtha (B.P. <350 0 F), 45 percent middle distillate, 
or diesel type material OLP. 350-650 0 F), with the 
balance as heavy ends. By chemical classification, 
the liquid usually contains about two percent tar 
base, 45 percent tar acid while the balance is 
neutral oils.	 Both tar base and tar acid are cor-
rosive material, especially the latter. Furthermore, 
due to the presence of a large quantity of polar 
components, the liquid usually can absorb a huge 
quantity of moisture (can be as high as 30 weight 
percent) if It is exposed to high moisture environ-
ment. 

The Coalite liquid is of this type, and its ultimate 
analysis shows 86.16 percent carbon, 8.52 percent 
hydrogen, 1.01 percent nitrogen, 6.15 percent oxygen, 
0.95 percent sulfur and 1.57 percent water. 

Qualities of Coal-Derived Diesel Fuel 

The coal derived diesel fuel developed by UCCRC 
resembles petroleum diesel in many aspects, as shown 
In the comparative Table 1. 

UCCRC has	 conducted	 engine tests	 of	 the coal 
derived diesel	 fuel	 in	 a	 15	 HP, three	 cylinder trac-
tor	 diesel	 engine	 and in a	 coal truck equipped with 
a	 300 UP,	 14	 speed,	 Cummins big	 cam	 with turbo 
engine. No	 appreciable	 engine performance dif-
ference was	 observed	 in	 using this	 coal	 diesel, in 
comparison with petroleum diesel.

As soon as testing of the Liquid Coal Refinery 
facility is complete, a large quantity of coal diesel 
will be available for testing in both stationary and 
mobile locomotive engines. 
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FIGURE 1 
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TABLE 1 

(XFMCIAL PETROLEUM DIESEL AND LJ(X2C
CIML DIESEL FUELS 

Camreiai UcCRC-
Diesel No.	 2 Diesel No.	 2 

Gravity,	 °API 33.3 32.5 
Flash Point,	 O F 150 150 
Cloud Point,	 O F 14 16 
Sulfur, Wt. 96 0.45 0.50 
Ash, Wt. % <0.01 <0.01 
Cetane No. 47 45 
Kinematic Viscosity 

40 0 C,	 cSt 3.1 2.8

UCCRC states that the United States railroads cur-
rently use about three billion gallons of petroleum-  
based diesel fuel annually. if this new coal-based 
fuel proves to be technically and economically sound 
millions of tons of additional coal could be needed 
for liquid fuel production.

nfl

MILD GASIFICATION AND PELLET TECHNOLOGY 
COMBINE FOR NEW IRONMAKING PROCESS 

AMAX Research l& Development, the University of 
North Dakota Energy & Mineral Research Center, and 
Pellet Technology Corporation (PlC) have joined 
forces to work on a novel process that could 
benefit the domestic coal, synthetic fuels and steel 
industries.	 In this process,	 mild gasification 
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(devolatilization) of coal is accomplished at low tem-
peratures and near atmospheric pressures. The 
volatiles removed from the coal are converted to 
marketable synthetic fuel, such as Diesel No. 3 
blending stock and chemical feedstocks for phenol 
and benzene. The char Is upgraded and utilized in 
the PTC-Cold Bond Agglomeration Process to produce 
carbon or carbon-bearing iron pellets for the steel 
industry. An atmospheric fluidized-bed combustion 
(AFBC) unit is used to incinerate process wastes and 
produce electric power. AMAX Coal is interested in 
developing this process for possible commercialization 
at one of its Midwestern mines. 

The project is currently in the bench-scale testing 
phase following the technical and market evaluation 
studies. Process scale-up and evaluation studies are 
planned for the 1989-1991 period, and the design 
and construction of a commercial plant could occur 
In 1992-1994. 

Morgantown Energy Technology Center (METC) of the 
United States Department of Energy (DOE) has been 
investigating mild gasification of coal. In this 
process, high-volatile coal is devolatilized at rein-
lively low temperature (500 to 7000 C) and near 
atmospheric pressure to produce three coproducts: 

- A low- or mnedlum-DTIJ gas. 
- A valuable hydrocarbon condensate. 
- A reactive char. 

To advance the concept further and bring it closer 
to commercial reality, METC awarded a contract 
titled "Development of an Advanced, Continuous rind 
Gasification	 Process	 for	 the	 Production	 of
Coproduets," to the project team listed above. 

The University of North Dakota Energy and Mineral 
Research Center Is primarily responsible for the 
process development work, particularly In the areas 
of mild gasification and upgrading of condensate. 
AMAX Coal, the third largest United States coal 
producer, is interested in commercialization of the 
technology, as It offers potential for business growth 
with new products and markets. AMAX research and 
development Is coordinating the process development 
and evaluation studies and performing the char 
upgrading work. 

J. E. Sinor Consultants Inc. performed the market 
evaluation studies for various products. Based on 
this study, it was concluded that the best market 
for char would be the steel market, particularly if a 
novel process developed by Pellet Technology Cor-
poration is used to produce carbon or carbon-bearing 
iron pellets to be charged into hot blast cupolas. 

Project Outline 

The eventual project goal is to design and build a 
1,000-ton-per-day (coal feed) mild gasification plant 
at one of AMAX's coal mines. The location of the 
mild gasification plant at the coal mine site not 
only cuts down the transportation costs but also 
provides the flexibility of utilizing some products on 
site.

Mild gasification produces three broad categories of 
products. For commercial success, It is essential 
that the product slate (relative quantity and quality) 
be selected to meet the existing and projected 
market requirements.	 The process technology can
then be tailored to meet these goals. 

The gas, condensate, and char products, as produced 
or after some upgrading, can be sold in the follow-
ing markets: 

Energy - Transportation and utility sectors. 

Other - Chemical, metal, and pollution control in-
dustries. 

It is obvious that while steam boilers present a 
universal market for all the products, they cannot 
compete with the feed coal itself. The success of 
mild gasification would depend upon finding "other' 
applications for the products in markets where they 
will command a premium price (in terms of	 per
million BTU or $ per ton) in comparison to feed 
coal. With this criterion In mind, various upgrading 
and utilization methods were evaluated for all the 
three products in conjunction with the market as-
sessment. The findings are presented below. 

Gas 

Of the three broad categories of products, gas rep-
resents the least tonnage. It is a mixture of GO, 
112, CU 41 CO 2 , and 1120 with 1125 as a significant 
Impurity.	 Thus, It would be difficult to sell this 
gas to an outside market. While it could be used 
on site to provide process heat, a better use would 
be to upgrade it and use its hydrogen content for 
liquid upgrading. 

Liquid 

Condensate produced during mild gasification is nor-
mally considered to be the most valuable product. 
This would, however, be true only if the liquid is 
stabilized and upgraded to premium fuels or con-
verted to chemicals. If the liquid, as produced or 
after minimum upgrading, is utilized to raise steam, 
its value will be no better than that of residual oil 
from petroleum. 

Several products were examined during the market 
evaluation studies. The findings are summarized 
below: 

-	 Creosote	 and	 Cresylic	 Acid	 -	 Market too 
small. 

-	 Diesel	 No.	 1,	 No.	 2,	 Aviation	 Jet	 Fuel, and 
Gasoline	 -	 Severe	 upgrading	 required, not 
competitive with petroleum. 

-	 Diesel No. 6, Bunker C - No premium, market 
of	 last	 resort. 

-	 Diesel	 No.	 3	 -	 Prime	 target	 (medium	 speed 
railroad	 engines),	 blend	 with	 Diesel	 No. 2, 
unlimited market, about 	 $120 per ton. 
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- Chemical Feedstock - Phenol, Benzene, un-
limited market, premium price, $200 per ton 
or more. 

Thus, the target products for the project were 
selected as a diesel fuel blend stock and chemical 
feedstock for benzene and phenol. A plant location 
in the Midwest helps significantly In reaching a 
large industrial market at low transportation costs 
for these products. 

Char 

In terms of tonnage, char is the main product of 
the mild-gasification process, representing as much 
as 50 to 70 percent of feed coal. In the past, 
many pyrolysis and carbonization processes were 
developed on bench or pilot scale but were not 
commercialized mainly because they considered char 
as a low-grade utility fuel. 

Based on the Midwestern location, resurgence in the 
United States steel industry, severe decline in 
domestic coke oven capacity, and relatively high 
price, the metallurgical coke market was identified 
as the most promising market. The study also indi-
cated that the Pellet Technology Corporation (FTC) 
ironmaking process provides an alternate and attrac-
tive method to produce carbon or carbon-bearing 
iron pellets for the iron and steel industry utilizing 
mild-gasification char. Some upgrading of char to 
reduce its ash, sulfur, and volatile contents, and 
thereby upgrading the carbon content, would enhance 
its value in the application. 

Proc 	 Description 

Figure 1 shows a schematic flow diagram for the 
entire process. The plant will consist of the fol-
lowing five areas which are integrated to maximize 
the technical and economic feasibility of the 
process: 

- Mild Gasification 
- Liquid Upgrading 
- Char Upgrading 
- Pellet Production 
- Power Production 

Washed and sized coal will be fed to a mild 
gasification reactor (1.1 in Figure 1) where all of 
its moisture and most of the volatile matter will be 
removed. The University of North Dakota Energy and 
Mineral Research Center (UNDEMRC) has selected a 
fast fluidized-bed reactor for this application. 

Steam and hot flue gas will be used to fluidize coal 
and provide heat. The temperature will be in the 
range of 500 to 700 0 C. Depending upon the caking 
characteristics of the coal and the desired char 
characteristics, two or more reactors may be used in 
a series. The last reactor will be used to cool 
and/or convert the char to activated carbon form. 
High temperature cyclones will be used to separate 
the particulates from the gas leaving the reactor 
system and return them to the bed.

The gas will be cooled in a spray condenser (1.2) 
using recycled water that will pass through an in- 
direct heat exchanger. The gas will then be 
cleaned and upgraded (5.1) to produce hydrogen that 
will be used for upgrading the liquids (3.2). Waste 
gas and any sludge from this operation will be in-
cinerated in an atmospheric fluidized-bed combustor 
(4.1). 

The condensate from the spray condenser (1.2) will 
be separated into water and oil fractions based on 
the gravity difference (3.1). The oil will be 
hydrotreated (3.1) using hydrogen produced in the 
process. Two products will be collected. The 
lighter product will be a chemical feedstock suitable 
for production of benzene and phenol, both of which 
are high value commodity chemicals with huge 
markets. The heavier product will be a diesel fuel 
blend stock suitable for railroad engines. Unused 
gas, as well as the bottom fractions from this reac-
tor, will be sent to the atmospheric fluidized-bed 
combustor (AFOC) (4.1) for their fuel values. 

The main objective of char upgrading is to increase 
its value in the designated application. The volatile 
matter content of the char will be lowered to the 
level desired in the FTC process by controlling the 
particulate residence time and temperature in the 
mild-gasification reactor. If necessary, an extra 
stage will be used for this purpose. 

The clean char from the upgrading operation will 
advance to the pellet production area. The dirty 
char, rich in ash, will be fed to the AFOC (4.1) as 
a fuel. 

Pellet Production 

The upgraded char will be used for the production 
of pellets to be marketed to the metal industries, 
particularly the iron and steel industry. The process 
to be used is called the FTC Cold Bond Aggloinera-
tion Process, which has been developed by Pellet 
Technology Corporation (FTC) of Houghton, Michigan. 

The clean char will be mixed with additives and 
pelletized on a disc pelletizer (2.2). 	 The pellets 
will then be indurated In an autoclave (2.3). The 
Induration temperature used in the process (about 
200 0 C) is much lower than temperatures used in 
the conventional pelletizing process (1,300 0 C). This 
not only results in lower process costs but also 
makes it possible to produce carbon or carbon-
bearing iron oxide pellets using char as the carbon 
source. 

Although it is not shown in Figure 1, one could 
have a direct reduction kiln or a cupola on site to 
process the carbon-bearing iron oxide pellets. 
Metallized iron pellets or iron from the cupola will 
be sold in the open market, preferably to minimills. 
Carbon monoxide rich gas from the kiln or cupola 
will supplement the power production discussed 
below. Thorough intermixing of carbon and iron 
oxide in the PTC pellet dramatically reduces the 
reduction time required for iron production, as shown 
by Figure 2. 
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FIGURE 2 
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The AFAG unit (4.1) is used as an incinerator for all 
the solid, liquid, and gaseous wastes from the plant. 
It provides process heat, as hot the gas or steam, 
to various reactors such as the mild-gasification 
reactor and pellet induration autoclaves. It also 
produces steam that will be converted to electric 
power.

nfl 

CHIP TECHNIQUE PROVES SUCCESSFUL IN ROCKY 
MOUNTAIN I TEST 

Results of the recently completed Rocky tIountain I 
(RId!) underground coal gasification (eGG) field test 
have shown that the Controlled Retracting Injection 
Point (Cal?) Process for UCG Is capable of producing 
consistently high quality gas from a single Injection 
well for an extended period of time. The RMI GRIP 
module was in operation for 93 days and gasified 
over 11,000 tons of coal, with an average dry 
product heating value of 287 ETC per standard cubic 
foot. The CR11' Process, which utilizes a horizon-
tally drilled injection borehole, has an advantage 
over vertical well CCC techniques in that it main-
tains oxidant injection low in the coal seam for op-
timal resource recovery, and provides a method for 
reignition of the coal in a different location when 
gas quality declines as the maturing reactor begins 
to interact with Inert overburden.

Test results of the Rocky Mountain I experiment 
have been presented recently at forums such as the 
14th Annual Underground Coal Gasification Symposium, 
held in Chicago, and the American Institute of 
Chemical Engineers Summer National Meeting, held in 
Denver, both In August. 

The lUll experiment was a joint government/industry 
project, funded primarily by the United States 
Department of Energy and the Gas Research In-
stitute, with participation by Stearns-Rogers En-
gineering, Energy International Inc., Western Research 
Institute and Lawrence Livermore National Laboratory 
(LLNL). The designed test consisted of two modules 
to be operated side-by-side for a planned 100 day 
burn, located at the United States Bureau of Mines 
site, in southwestern Wyoming, near the town of 
Henna, where previous CCC tests were conducted in 
the 1970s. 

The experiment was conducted In a nearly flat-lying 
25 foot thick subbituminous coal seam at a depth of 
360 feet.	 The process well pattern for the test 
consisted of two modules: 	 I) the Extended Linked 
Well (ELW) module and 2) the Controlled Retracting 
Injection Point (GRIP) module. Both modules were 
designed with horizontal boreholes for production, 
drilled from the surface and deviated to follow 
horizontally low in the coal seam in the active 
gasification area. The ELW module was designed 
with a primary and secondary vertical injection well, 
drilled through the coal and cased from the surface 
to six feet below the top of the coal seam. The 
GRIP module used a horizontal Injection well, drilled 
at an angle to intersect the horizontal production 
well and an auxiliary vertical injection well (used 
only for linking, Figure 0.	 The injection viell was
cased with a five inch stainless steel liner from the 
surface	 to	 a	 location	 13	 feet	 from	 the
vertical/horizontal well Intersection. 

Overall Perfmanee 

After an initial reverse combustion linking phase to 
connect the process wells, the ELW module operated 
for 57 days and the GRIP module for 93 days in 

4-23	 SYNTHETIC FUELS REPORT, SEPTEMBER 1988



forward gasification. Declining process performance 
and eventual production of unconsumed oxygen 
caused the ELI? module to be shut down prematurely. 
The CHIP module operated for the entire test and 
was shut down according to schedule. Overall 
process performance for the two modules is shown in 
Table I. The CRlF module consumed over twice as 
much coal as the ELW module, with an average dry 
product heating value of 287 BTU per standard cubic 
foot, and better process efficiency. One key ef-
ficiency parameter relating product value to cost is 
the ratio of product heating value divided by in-
jected oxygen (IIUV/02). This parameter is 
50 percent higher for the CHIP module than for 
ELW, and exceeds the performance of any previously 
conducted UCG test in flat-lying coal. 

TABLE 1

maneuver,' where the casing is burned oft at a 
predetermined location using a retractable methane 
torch, positioned inside the line. 

The GRIP concept Is designed to maintain efficient 
gasification by minimizing interaction with the over-
burden. Initially, the cavity begins near the injec-
tion point and is surrounded by coal. As the cavity 
grows upward and outward, overburden material is 
eventually contacted. Interaction with the overbur-
den causes heat loss, which degrades product quality. 
When the quality declines to an unacceptable level, 
a CHIP maneuver is performed, burning off a portion 
of the liner, upstream of the burn, exposing new 
coal, and beginning a new cavity. 

During the RMI test, an initial burn and three CHIP 
maneuvers were performed, at a spacing of 60 feet 
each. This divides the overall process performance 
Into four periods, or cavities, for discussion. 

ELW Module CHIP Module 

Duration (Days) 57.4 93.0 
Coal Gasified (Tons) 4010 9880 
Heating Value (BTU/scf) 261 287 
Dry Gas (%)

31 38 
k 10.1 9.4 

9.0 11.9 
00 44 38 
02 ^c 0.35 0.27 

+ 112/02 1.51 2.57 
HIIV/0 2 1079 1636 

Energy Split	 (%) 
Product	 (Gas + Tar) 74.1 84.8 
Sensible 5.6 3.7 
In Situ Steam 6.0 1.6 
Lost 14.2 9.6

Process performance for the four periods is shown in 
Table 2. The initial burn began on process day 
nine, and lasted nearly 44 days, consuming twice as 
much coal as periods two and three, which lasted 
20 days each. The fourth period, near the end of 
the test lasted a total of nine days. 

Periods one and three show similar performance, with 
good quality gas and excellent energy efficiency 
parameters. Periods two and four show somewhat 
reduced performance, with higher heat loss, poorer 
gas quality and less CU4 . This variation in perfor-
mance is believed related to cavity growth. 

Figure 2 shows a 0CC process efficiency parameter 
throughout the test for the GRIP module. The 
steady decline and recovery after CRIP maneuvers on 
days 53 and 73 are clearly shown. Little recovery 
is observed for the fourth cavity which began on 
day 93. 

GRIP Cavity Growth 

The poorer performance and premature termination of 
the ELW module resulted from gas overriding the 
coal seam. This was evidenced by the thermal 
response of an instrument well, located near the in-
jection well. The gas override caused in situ heat 
loss which degraded results throughout the test and 
eventually allowed oxygen to bypass coal and reach 
the production wellhead. This test and past UCG 
tests have shown gas override to be a problem when 
the injection point is not maintained near the bot-
tom of the coal seam. 

GRIP Pross Performance 

The CRlF Process is designed to maintain injection 
near the bottom of the coal seam. To accomplish 
this, as illustrated in Figure 1, a horizontal borehole 
is drilled and lined along the bottom of the seam. 
Injection is at the end of the line, which may 
recede slowly due to thermal attack, or be inten-
tionally drawn back in what is termed a "CHIP

The GRIP process is designed to begin a new 
'cavity" once a mature cavity's process performance 
declines due to excessive overburden interaction. 
The expected recovery in performance after a CRLF 
maneuver depends to a large extent on how isolated 
the new cavity is from the old one, since contacting 
"new" coal and reducing overburden interaction in-
fluences performance. To assess the relative success 
of the three lUll GRIP maneuvers, LLNL constructed 
cavity growth contours for each of the four process 
periods. The primary information used in the con-
struction was: 1) the cumulative coal consumed 
versus time, which fixes contour area and 2) the 
location of the end of the injection liner versus 
time, which fixes the point about which the contour 
grows.	 Cumulative coal consumption was based on
material balances of process data (assuming no net 
char production). The length of the injection liner 
was known at the beginning of the experiment and 
at each CRLF maneuver, which burned through the 
liner at 60 foot intervals, measured from the initial 
injection point.	 In addition to the ChIP maneuvers, 
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TABLE 2 

SUMMARY DATA FUR THE FOUR UMI (RIP REACTORS 

Reactor 1st 2nd 3rd 4th 

Duration (Days) 43.8 19.9 20.0 9.3 
Coal Gasified (Tons) 4100 2380 2510 880 
IIHV (BTU/scf) 298 275 295 247 
Dry Gas (%) 

H2 38.0 38.0 39.0 40.0 
GIl4 10.5 8.6 9.5 6.7 
GO 11.6 10.8 14.3 9.9 
CO 37.0 40.0 35.0 42.0 
GO + 112/09 (mole/mole) 3.16 2.46 3.23 2.27 

HIV/02 (BttJ/scf) 1549 1197 1779 1135 
Energy Split (%) 

Product	 (Gas + Tar) 87.6 80.6 87.5 75.0 
Sensible 3.5 4.4 3.4 3.7 
Net Stream 1.5 2.5 0.5 2.2 
Lost 6.9 12.2 8.2 18.8

FIGURE 2 

PROCESS EFFICIENCY DURING
CRIP TEST (VERTICAL LINES MARK 

CRIP MANEUVERS) 

4000 

::i

20	 40.	 't, 
Process Day

contains three contours: at the beginning, mid-way 
through (based on coal consumption) and end of the 
period. The injection point at the time each con-
tour is drawn is indicated by the squares, which 
proceed from right to left, with time. Asterisks in-
dicate the location of the initial injection point and 
the three CHIP locations. 

The Initial cavity growth is shown in Figure 3A, at 
the beginning, mid-point, and end of the period. 
Recession of the injection point is shown to be 
greater during the first half of the period than the 
second half, with the final contour beyond the point 
where the first GRIP maneuver took place. In 
Figure 3B, we see the second cavity began within 
the burn boundary of cavity 1 with gradual expan- 
sion into new coal by the mid-point of the burn. 
The recession rate is shown to be nearly equal be-
tween the first and second half of this period. The 
final contour is shown to not have reached the 
position of the second GRIP maneuver. In 
Figure 3G, cavity 3 is shown to begin surrounded by 
new coal. And, due to the abrupt shortening of the 
liner on day 79, which moved the injection point 
upstream 15 feet, most of the cavity growth is 
shown to be in new coal. In Figure 3D, cavity 4 
begins just outside the boundary of cavity 3, with 
the injection point remaining nearly in place 
throughout the short nine day burn. 

the liner gradually receded upstream due to thermal 
attack. Using time -domain -ref lectometry (TDR), LLNL 
tracked this gradual bum-back, using a coaxial cable 
strapped to the outside of the liner. 

Figure 3 shows the contours which were constructed 
based on the information described above. Each plot

Summary 

The following conclusions have been drawn from the 
results of the lull hOG field test: 

- Success of the GRIP module and poorer per-
formance of the 11W module demonstrated 
the importance of maintaining the injection 
point low In the coal seam. 
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FIGURE 3 

CAVITY GROWTH CONTOURS 
DURING ROCKY MOUNTAIN I TEST

The R4i test has greatly reduced the techni-
cal uncertainties regarding in situ processing 
of flat-lying subbltuminons coals. 

#4 

HE! TESTS DYNAPHEN PROCESS ON GREAT PLAINS 
LIQUIDS 

Hydrocarbon Research, Inc. (Hit!) has completed a 
process feasibility study involving Hill's Dynaphen 
technology for processing Great Plains Coal Gasifica-
tion Plant (GPGP) crude phenol. This investigation 
was part of the United States Department of 
Defense's overall program to evaluate the potential 
production of military jet fuel from GPGP liquid 
byproducts.	 Results have been published in an Air
Force report, AFWAL-TR-87-'2042. 

The GPGP produces approximately 900 barrels per day 
of crude phenols. Untreated, this stream has very 
little commercial value, and Is currently burned as 
boiler fuel, 

Program DerIptk. and Background 

This phenol stream contains non-phenolic components, 
such as aromatic hydrocarbons and nitrogen-
containing hydrocarbons. Preliminary evaluations per-
formed by J. B. Sinor Consultants Inc. indicated the 
Dynaphen Process had a potential for nearly a 
30 percent discounted cash flow rate of return, if it 
could successfully upgrade the GPGP phenol stream. 

liRl's Dynaphen Process is based on its aronaties 
hydrodealkylation technology known as the "HDA" 
Process, which has now been licensed and success-
fully operated in twenty-six plants around the world. 
Typical feedstocks Include toluene, pyrolysis gasoline 
and coke oven light oil. 

HRI began development of the Dynnphen Process in 
the 1970s. Its objective is to produce pure phenol 
and benzene from a stream of mixed nllcylphenols 
and alkylbenzenes. 

The basic reactor technology utilizes a pressurized, 
high-temperature, non-catalytic hydrodealkyhtion 
reactor. The Dynaphen reactor primarily dealkylates 
the	 eresylie	 acid	 molecules,	 although	 some 
dehydroxylation occurs as well. Dehydroxylation 
products (i.e., toluene and xylene), plus the uncon-
verted alkylphenols are recycled to the Dynaphen 
reactor so that the major reactor products are 
phenol and benzene. 

In brief, the chemistry which occurs in Dynaphen 
systems can be represented by the reactions below: 

	

Toluene + Hydrogen	 benzene + methane 
Cresol + Hydrogen = phenol + methane 
Cresol + Hydrogen = benzene + methane + water 

- Operation of the CR1? module over extended 
time and distance shows the reliability of 
this technology, with excellent performance 
(comparable to results of surface gasifiers). 

- The igniter system used to start the tests 
and perform three GRIP maneuvers proved 
reliable. 

- Gradual hum-back of the injection liner was 
evidenced. 

- CI1IP spacing Is influenced by cavity develop-
ment. Material balances and model calcula-
tions are valuable tools in determining op-
timum GRIP spacing.
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Theoretical yields become progressively lower as the 
degree of feedstock hydroxylation and ailcylation In-
crease. 

Figure 1 illustrates a basic flow scheme of the 
Dynaphen Process. The alkylphenolic feed to the 
process is mixed with hydrogen and sent to the 
Dynaphen preheater and reactor. The reactor ef-
fluent is cooled by exchange with reactor teed (and 
other process streams) for heat recovery, and is 
separated into vapor- and liquid-phase components. 
Some light gas is produced in this process, mostly 
methane and some carbon monoxide. A portion of 
this off-gas Is fed to the hydrogen plant to produce 
hydrogen gas required by the process. The balance 
of this off-gas is used within the plant to supply 
part of the process fuel requirement. 

The liquid reactor effluent may be sent through a 
stabilizer and a clay tower before distillation. Ben-
zone and phenol are recovered in two series-

connected distillation towers. Unconverted alkyl-
phenols are recycled to the Dynaphen reactor. 
Dehydroxylatlon byproducts, primarily toluene and 
xylene, are also recycled, eventually producing ben-
zene and phenol. 

Total projected liquid yield (phenol and benzene) 
from early experiments was approximately 80 percent 
(by weight of feed). The weight ratio of phenol to 
benzene in - the total liquid product was ap-
proximately 1.8 to one. 

Tedusical Summary 

SRI says that, high conversion data from the 
demonstration recycle operations with GPGP crude 
phenol Indicate near -extinction -recycle operation is 
feasible. Data obtained from a process variable 
study show the effects of temperature, reactor teed 
phenolic and water content, pressure and residence 
time on the yield slate. 

FIGURE 1 

BASIC DYNAPHEN FLOW SCHEME 
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Additional work will be required before commer-
etauzation can be accomplished. This Includes op-
timization of reaction conditions and separation 
techniques, kinetic model development, engineering 
and economic evaluation. 

Hitl ran experiments on a 55-gallon drum of crude 
phenol from the Great Plains Gasification Plant. 
Five different reactor teed combinations were tested: 

- The as-received crude phenol designated as 
No. 5511 (Run 45). 

- A nominal 365 0 F+ cut of HR1 No. 5511, 
designated as L-731 and as cut phenol. 

- A solution of 92 weight percent L-731 and 
eight weight percent de-ionized water. 
(Run 51). 

- A solution of 90 weight percent L-731 and 
10 weight percent dc-ionized water. 
(Run 60). 

- A solution of 74.9 weight percent L731, 
15.1 weight percent recycle material and 
10	 weight	 percent	 de-ionized	 water. 
(Run 61). 

Projected commercial yields based on test results 
with the above feeds are given in Table 1. 

It was concluded that the feasibility of converting 
GPGP crude phenols to phenol and benzene via the 
Dynaphen Process has been demonstrated.

However, the net selectivity of the reaction in the 
Dynaphen reactor is to benzene rather than phenol 
when the reactor feed has a high phenol content as 
in the case of the as-received crude phenol. 
Therefore, it is necessary to first distill off some of 
the phenol (Figure 2). Positive net phenol yields 
were demonstrated by processing the cut phenol 
feedstock which had less than 20 weight percent 
phenol content. 

A preferred operating region of 600 psig, 30 second 
residence time and reaction temperatures between 
1,180 and 1,260 0 F was identified for GPGP 
feedstocks. At 1,200 0 F, the phenolic content of a 
cut feed was increased by more than 50 percent. 

Near-extinction-recycle operation within this 
preferred region of operation was demonstrated. 
Benzene, phenol and water accounted for more than 
95 weight percent of the demonstration run liquid 
product. 

lIEU points out that Dynaphen product separation re-
quirements are not simple and need to be evaluated. 
Water is known to azeotrope with benzene, toluene 
and xylene. Other azeotropes may exist in this sys-
tem. Additionally, there are at least twelve com-
pounds which boil between 395 0 F and 4410 F in 
this system. The ability to produce commercial 
grades of phenol and benzene from Dynaphen 
products Is still to be demonstrated. 

TABLE 1 

PWMECrTh COMMERCIAL DYNAPUfl4 YIELDS 
Basis: GPGP Crude Phenol Rate - 900 Bbl/Day 

Yields, BbIs/Day 
Dynaphen Operation Phenol Benzene Total 

Whole Feed - Single Pass (Run 45) 317 173 490 
Cut Phenol - Single Pass 

Plus Distillation (Run 51) 435 139 574 
Cut Phenol - Single Pass 

Plus Distillation (Run 60) 423 178 601 
Cut Phenol - Recycle Operation 

Plus Distillation (Run 61) 402 259 661
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FIGURE 2 

DEMONSTRATION DYNAPHEN TEST
WITH RECYCLE 

CRUDE PHENOL ________	 STILL	 365'F	

PRDDT 

LIQUID 
HYDROGEN —) OTNAPHEN REACT

GAS 

SIMULATED 
RECYCLE 

L 

COAL/OIL COPROCESSING DRAWS WIDESPREAD 
INTEREST 

Commercial production of synthetic liquid fuels was 
or many years thought to demand liquefaction of 

coal or upgrading of bitumen/heavy oils. By the 
late 1970s, however, another concept--the simul-
taneous coprocessing of coal and heavy oil--began to 
receive some serious attention. Now coprocessing 
technology has reached a stage of development 
where it may appear to be the preferred upgrading 
procedure.	 This view Is illustrated by several ar-



ticles elsewhere in this issue. 

In June, the American Chemical Society, Division of 
Fuel Chemistry, hold a symposium on coprocessing 
during the 195th American Chemical Society National 
Meeting and Third Chemical Congress of North 
America, which took place in Toronto, Ontario, 
Canada. A few of the papers presented are sum-
marized below. 

Canadian Energy Developments Inc. 

Canadian Energy Developments Inc. (see related ar-
ticle elsewhere In this issue) says that coproeessing 
will play an Increasingly important role in Canada's 
future energy supply. Two coprocessing technologies, 
both being developed by Canadian Energy Develop-
ments Inc., are reviewed, and six Case Studies In-
dicating the economic potential of the process are 
presented. It Is shown that coprocessing has a sig-
nificant economic advantage over conventional heavy 
oil upgrading, and that this advantage will increase 
as the cost of heavy oil increases.

Ceproclng with Dispened-Phase Catalyst 

A new way of coprocessing mixtures of coal and 
petroleum-derived residual oils is being developed at 
the Department of Energy's Pittsburgh Energy Tech-
nology Center (PTC). The new process uses a 
molybdenum catalyst added directly to the reactor In 
aqueous solution. 

Previous results from PL7C have Indicated that coal 
Is capable of enhancing the distillation of a 
petroleum solvent stream. This capability probably 
results from adsorption of metals such as nickel and 
vanadium (naturally occurring petroleum components) 
on the surface of the coal that remains undissolved 
In the reactor. Furthermore, distillate yields in 
coprocessing are larger than those expected from the 
simple addition of yields from independent processing 
of the coal and oils. This enhancement is attributed 
to the petroleum-derived solvent's ability to be a 
hydrogen donor solvent for the coal, a factor that 
leads to Increased yields. Also, coal enhances the 
conversion of oil through catalytic effects of the 
Inorganics In the coal. 

J. Ruether and his associates chose a dispersed-phase 
catalyst for	 use in single-stage coprocessing for two 
reasons.	 First, a	 dispersed-phase	 catalyst	 would 
facilitate	 recovery of	 the	 active	 metals.	 And 
second,	 the	 most active	 materials	 for	 single-stage 
upgrading have been finely	 dispersed	 catalysts.	 The 
catalyst	 eventually chosen	 was	 water-soluble	 am-
monium molybdate.

Behavior of Highvale and Vesta Coals in Coprocesslng 

The Alberta Research Council has been active in 
developing the coprocessing technology. They have 
developed a two-stage process which Involves a 
first-stage coal solubilization in bitumen or heavy oil 
using a mixture of carbon monoxide and steam in 
the presence of an alkali metal catalyst, followed by 
a catalytic hydrogenation second-stage. 

This paper focused on the use of disposable Iron 
oxide catalysts in coprocessing two Alberta sub-
bituminous coal and bitumen feed pairs. 

The results indicate that synergistic effects occur 
when the Highvale and Vesta coals are processed 
with Athabasca and Cold Lake bitumen, respectively. 

Coprocessing of Lignite with Residual Oils 

The joint development program of Rheinische 
I3raunkohlenwerke AG and Union Rheiuische Braunkoh-
len Kraftstoff AG for the catalytic hydrogenation of 
fossil raw materials in the liquid phase was dis-
cussed. 

In a continuous process development unit investiga-
tions were carried out on: 

- Conversion of lignite 

- Development of catalysts based on lignite 
coke 
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FIGURE 1 

PRODUCT COSTS AS A FUNCTION
OF FEEDSTOCK COSTS The Origin of Synergy In Coprocessing 

A	 novel method of bencflclating	 low-rank coals	 for 
coprocessing by oil agglomeration has	 been conceived 
at	 CANMET.	 This method overcomes	 the hydrophilic 
surface problem of low-rank	 coals	 and allows	 the 
use	 of undiluted coprocessing feed oils 	 as viscous as 
vacuum bottoms.

Conversion of heavy residual oils 

- Conversion of mixtures of lignite and residual 
oils (coprocessing) 

A comparison of lignite liquefaction and coprocessing 
shows that, thanks to a yield-improving synergistic 
effect, coprocessing will reach economic viability 
earlier than the liquefaction of coal alone. 

This Is due to the fact that cycling of slurry oil Is 
no longer required. Almost the entire feedstock can 
be processed into usable products In one pass. 

Figure 1 gives a qualitative comparison of the 
product costs arising in lignite hydrogenation, 
coprocessing and residual oil hydrogenation as a 
function of feedstock cost. It shows that at today's 
low oil prices, residual oil hydrogenation will reach 
the threshold of profitability earlier than coprocess-
lag, while hydrogenation of lignite alone will take 
much longer. This allows a phased approach. 

As a first step, a liquid-phase hydrogenation plant is 
planned for residual oil. In a second step, this 
plant can be extended to permit coprocessing. 
Coprocessiag will allow important experience to be 
gained before taking the third step towards 
hydrogenation of lignite alone.

New CroesIng Pilot Plant 

The advantages of coproccsslng over coal liquefaction 
have been known for some time and bench-scale 
research in coprocessing has been underway at CAN-
M1' since about 1980. The bench-scale experiments 
have Indicated n considerable economic potential for 
the simultaneous processing of coal and bitumen. To 
develop this process to a stage where It can be 
evaluated with confidence for further scale-up to 
demonstration size, the construction of a half-tonne 
per day pilot plant was Initiated (see related article 
elsewhere In this issue). 

Benefidatian of Lignite for Coprocslng 

The low cost of Canadian low-rank coals makes them 
prime feedstocks for coprocessing with bitumens and 
heavy oils. Depending on the coal concentration in 
the feed slurry, the high ash level in some of these 
coals can cause operational problems as well as 
reduce the overall process efficiency and the net 
liquid product yield. To reduce the ash content La 
the feed slurry, oil agglomeration can be used for 
coal beneticlation (denshing) as an integral part of 
coprocesslng technology.	 however, low-rank coals 
often possess a relatively hydrophilic surface. This 
makes the application of oil agglomeration extremely 
difficult. 

Product valuation

Residual oil valuation

Researchers in the Department of Chemical Kinetics, 
Chemical Physics Laboratory at SRI International have 
tackled the question of possible synergistic effects 
or coal liquefaction in coprocessing. Synergy Is 

generally defined to occur when the effect of a 
combination of components exceeds the sum of the 
effects of the individual components. 

SRI concludes that 

- Coal radicals generate aliphatic radicals from 
the residual oil. 

- The aliphatic radicals can undergo beta 
scission of C-C bonds to convert the resid, 
or can transfer a hydrogen to the polycycic 
aromatic hydrocarbons to form carrier species 
capable of promoting hydrogenolysis. 

- In the presence of gaseous hydrogen, radical 
abstraction from 112 adds a propagation step 
that facilitates the utilization of 112 for 
hydrogenolysis. 

These reactions allow the hydrogen in the aliphatic 
resid components, which are normally poor liquefac-
tion solvent components, to be made available for 
coal conversion. 
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MILD GASIFICATION LIQUIDS UPGRADED BY SOLVENT 
EXTRACTION 

The Chemical Technology Division of Oak Ridge Na-
tional Laboratory has been studying non-hydrotreating 
methods for upgrading the liquids obtained from mild 
gasification of coal. A summary of the program was 
presented at the Third Annual Oil Shale, Tar Sand 
and Mild Gasification Contractors Review Meeting in 
tiorgantown, West Virginia, July 19-21, 1988. 

The project objective states that some fort of 
hydrotreatment will continue to be an Important 
processing tool for high-quality transportation fuels, 
but an alternative or, perhaps, joint processing step 
may Incorporate a separation stage in which solvent 
extraction and/or solid-phase adsorption Is employed 
to remove heteroatora -containing "contaminants." 
Depending on the aromatic contents of the conden-
sibles and the type of transportation fuel desired 
(high-quality jet and diesel fuels have strict limita-
tions on aromatic content), reduction In aromatics 
can also be accomplished by solvent extraction. 

Initial emphasis has been on the removal of organo 
nitrogen compounds since they tend to poison 
catalysts, are hazardous to human health, and are 
generally the most difficult to remove by more con-
ventional upgrading methods. 

Background 

The condensible products obtained from most types 
of coal devolatillzation processes are complex mix-
tures that contain saturated and aromatic hydrocar-
bons, as well as heteroatoms such as nitrogen, 
oxygen, and sulfur, along with water. While these 
products may have direct utility as boiler fuels 
without significant additional processing, they would 
be much more valuable if some of the contaminants 
were removed. 

The removal of compounds containing heteroatoms 
and potentially carcinogenic materials, such as 
nitrogen-containing polynuclear aromatics Is difficult. 
The development of innovative energy-efficient 
separations techniques to remove such contaminants 
would th much to demonstrate the potential 
economic viability of these coal-derived synthetic 
fuels. 

Hydrotreating is the conventional technology used in 
the petroleum industry for heteroatom removal and 
product upgrading. It has also been used for 
upgrading liquids derived from several different coal 
liquefaction and shale oil processes. The hydrotreat-
ing operation is very sensitive to asphaltene-like im-
purities in the feed liquid. 

The Oak Ridge researchers have looked at two ap-
proaches to separating contaminants from coal-
derived condensibles which provide opportunities for 
cost and energy reductions when compared with 
hydrotreatment. These processes are solvent extrac-
tion and solid-phase adsorption. Primary emphasis 
has been on solvent extraction for initial evaluation.

A number of solvent-extraction processes have been 
employed for the removal of aromatics from 
petroleum-based liquids. They Include the 
N-methyl-pyrrolldone process (NMP), the tetraethylene 
glycol process (TETRA),	 and the tetrahydro-
thiophene -1, 1-dioxide process (SULFOLAN E). All 
three processes are used primarily for the recovery 
of high-purity benzene, toluene, and xylene (BTX). 
Other solvents, perhaps more suited to the complex 
coal condensibles separation, include liquid sulfur 
dioxide-benzene, phenol, furfural, and a dual-solvent 
system employing propane and "Selecto" (a mix of 
cresol and phenol). 

Project Results 

Coal condensibles tested in this project have been 
those derived from the mild devolatilization process 
being developed by the United Coal Company 
Research Corporation (UCCRC) , the KILnOAS Process 
of Allis Chalmers, and the process being developed 
by SGI international at the Salem Furnace Company 
In Pittsburgh, Pennsylvania. 

The primary reagents employed to remove basic 
nitrogen compounds by solvent extraction were acetic 
and formic acids at concentrations ranging from 26 
to 00 volume percent. Monochloroacetic, 
trichloroacetic, and phosphoric acids were also ex-
amined. Economically, acetic acid would be favored 
because It Is the cheapest reagent on a strictly 
weight basis; however, on an equivalent molar basis, 
the cost of bulk formic acid is only 3.6 percent 
higher than that of acetic acid. 

Two condensible liquid samples were received from 
UCCRC. Solvent extraction studies performed with 
aqueous acid solutions on these two condensible U-
quids showed a strong tendency for the organic 
phase to retain water. This result, coupled with to-
tal nitrogen removals of about 50 percent using 
either acetic or formic acid, suggested the need for 
preliminary distillation of such products to achieve 
improved separations. 

Solvent extraction studies were performed on the 
IJCCRC samples with aqueous formic acid and acetic 
acids of varying concentrations from 50 percent to 
90 percent. 

The results show that maximum removal of nitrogen 
was 51 percent using 75 volume percent acetic acid. 

Phosphoric acid concentrations of 25, 	 50,	 and 
75 volume percent were also tested, 	 with the
highest acid concentration providing the greatest 
removal (60 percent). A third phase, which made 
clean separations difficult to achieve, was formed in 
these experiments. 

Extraction studies on the <650 0 F distillate of the 
UCCRC sample using 75 volume percent formic and 
acetic acids gave about 75 percent removal of 
nitrogen In each case. 
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Using the condensible product from Sal International, 
described as a second-stage product using coal from 
the Rosebud Mine in Montana, solvent extraction 
studies with both acetic and formic acids showed 
nearly	 complete	 removal of nitrogen (98 to 
99 percent) with all concentrations tested. The 
nitrogen re moval demonstrated for this product, 
coupled with the already tow oxygen, sulfur, and 
aromatic assays, is probably enough upgrading to 
enable It to be used directly as a fuel in some 
diesel engines; however, its exact origin is in ques-
tion. 

A sample of a ICILnOAS condensible, described as a 
"high-naphthalene-content" product, was extracted 
with acetic acid only. The results indicate that 67 
and 58 percent of the nitrogen were removed from 
the raw and distilled KILnGAS products, respectively, 
with 75 volume percent acetic acid. The usual im-
provement in nitrogen removal on increasing the 
concentration of acid from 50 to 75 volume percent 
was observed for the raw product but not In the 
case of the distillate.

Canehssiais 

The conclusions that can be drawn from Oak Ridge's 
solvent extraction studies on limited amounts of 
three condensible liquids must be tentative at best. 
However, it appears that incomplete separation of 
the aqueous phase and poor extraction of the 
nitrogen-containing contaminants from the condensible 
liquids can be alleviated by distillation of the raw 
condensible liquids. Distillation is recommended as 
the first step in an upgrading process that Incor-
porates solvent extraction for nitrogen removal. 
Bases on the present state of knowledge concerning 
cost, efficiency, availability, and materials of con-
struction, 75 volume percent acetic acid is recom-
mended as the extraction medium. However, to be 
economically feasible, a solvent -extraction upgrading 
process must Incorporate solvent stripping and 
reagent regeneration stages and these have not been 
defined at the present stage of this project. 
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INTERNATIONAL 

SAZOL EXPERIENCE SHOWS IMPORTANCE OF 
BYPRODUCTS FROM SYNTHETIC FIJflS 

"Under normal world trading conditions, with crude 
oil freely available, synthetic automotive fuels may 
never be able to compete with products derived 
from crude oil unless we change our approach 
towards these projects." Those may seem strange 
words to be coming from the world's largest syn-
thetic fuels company, but they were spoken by 
T. Van der Pas, General Manager of Sasol Ltd., of 
South Africa. He addressed a meeting on oppor-
tunities in the synthetic fuels industry, which was 
sponsored by the University of North Dakota Energy 
and Mineral Research Center and the United States 
Department of Energy. 

Van der Pas suggests that increasing crude oil prices 
alone are not likely to make conventional synfuels 
production competitive unless we are referring to an 
existing synfueis producer. Higher crude oil prices 
mean higher energy costs which results In turn in 
higher equipment cost, general inflation and thus 
higher capital as well as operating costs of a new 
synfuels complex.	 lie visualizes three scenarios un-



der which synfuels could be competitive: 

- Crude oil availability becoming limited 

- Significant improvement in synfoeLs production 
technology 

- A different approach toward the production 
of synthetic fuels 

As time goes on crude oil will again become more 
expensive because the recovery will become more 
expensive. However, he believes that sufficient oil 
will be available for several decades to keep the 
price at a level that synfuels as such will not be 
able to compete. 

With respect to a drastic improvement in technology, 
Van Der Pas notes that since 1075 research and 
development in the United States of America con-
centrated on the direct liquefaction of coal. The 
main advantage of this process route is that it has 
a considerably higher thermal efficiency than the in-
direct routes. Operating conditions of the direct U-
quefaction route remain severe, however, and un-
proven on a commercial scale. 

For Indirect liquefaction, the well tried Fischer-
Tropsch process has two variations in commercial 
operation in the Sasol plants: fixed bed low tem-
perature Fischer-Tropsch and fluidized bed high tem-
perature Fischer-Tropsch. Sasol has 19 fluidized bed 
and six fixed bed Fischer-Tropseh reactors in opera-
tion. Early next year Sasol will commission a fixed 
fluidized bed demonstration reactor. This reactor 
will cost only half as much as a conventional cir-
culating bed reactor, operating costs will be lower

and efficiencies higher. Unfortunately this part of a 
synfuels plant represents less than 20 percent of the 
total capital Investment and will have a relatively 
small effect on the overall cost of a synfuels com-
plex. 

For	 the	 indirect	 routes,	 coal gasification	 is	 impor-
tant.	 Although	 new generation gasifiers	 like Texaco 
and	 High Temperature	 Winkler have	 been	 developed 
and	 commercially	 proven	 on	 a limited	 scale,	 these 
gasifiers	 are	 not	 suitable	 for high	 ash	 content	 and 
high	 ash	 melting	 point	 coals. Sasol	 therefore	 will 
still	 have	 to	 depend	 on	 the Lurgi	 dry	 bottom 
gasifier.	 A	 Mark	 V	 version of	 the	 Lurgi	 gasifier 
(five	 meters	 diameter)	 with	 a capacity	 70	 percent 
larger	 than	 the	 Mark	 IV	 has been	 in	 operation	 at 
Sasol	 One	 for	 the	 last	 eight years	 and	 a	 future 
Sasol plant will be based on	 Mark V.

The above improvements made in the Indirect route 
In recent years have been marginal and altiougli 
there is still room for improvements such as catalyst 
His and performance, materials of construction, con-
trol and instrumentation, these will also be of a 
marginal nature. 

In general the overall results of the massive 
research and development effort around the world 
since 1975 have been disappointing. No 
breakthroughs have been achieved or are expected 
that have the potential of fundamentally changing 
the economies of the production of synthetic fuels 
on its own. 

The Coprodacts Opportunity 

The third scenario posed by Van der Pas, namely a 
different approach towards the production of syn-
thetic fuels, presents the best opportunity for the 
future. 

According to Its critics the drawback of the indirect 
Fischer-Tropsch route is its luck of selectivity. If 
indeed we are Interested only in liquid fuels then 
Fischer-Tropsch Is not the most efficient route. Of-
ten when the feasibility of a potential synfuels 
project is studied, the byproducts are considered a 
disadvantage and either no value, fuel value or 
sometimes even a negative value as effluent Is as-
signed to byproducts. 	 The result then is that the 
economies look unattractive. Thus at Great Plains, 
valuable gasification byproducts are burned as fuel 
to fire the boilers. What should be taken into ac-
count is that the coproducts are not only marketable 
but can have considerably higher values than the 
fuels. 

Table 1 shows typical prices of petrochemicals which 
can be produced from Fischer-Tropsch primary 
products.	 The petrochemicals sell at two to ten 
times the price of transport fuels per ton.	 Thus
coproduction of higher value chemical products can 
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fuels in South Africa is claimed to be second only 
to that of North America in the Industrial countries. 
In March 1988 for instance, 03 octane gasoline was 
sold at the pump in the Sasol marketing area for 
82 cents per liter, of which Sasol received 41 cents 
per liter, the rest being levies and taxes. 

be the way to ensure that when the next oil crisis 
comes along, we will have a synfuels technology In 
place.

TABLE 1 

TYPICAL PRICES OF PEI'X2IICALS 
(X1dPARTh WITh TRANSPORT FUELS

	 TABLE 2 

NI SEES OF NON-FUEL PI1(IIJCFS 
$/Ton	 BEING MRKflfl) BY SASOL 

Gasoline 200 
Middle Distillates 170 
Ethylene 500 - 600 
Propylene 350 - 400 
Benzene 300 - 350 
Toluene 250 - 280 
Styrene 1400 - 1900 
Phenol 900 - 1000 
Acetone 370 
MEW 1800

In 1974 when the oil price had increased dramati-
cally, Sasol was well prepared and seized the oppor-
tunity to build a new synfuels plant. Others, espe-
cially in the United States embarked on endless 
feasibility studies to such an extent that by the 
time they had determined economies and had their 
permitting in place, the capital costs had escalated, 
the oil price started dropping, and the opportunity 
was lost. This performance is likely to be repeated. 

As far back as 1950, Sasoi realized that the 
economies of the route most suitable for South 
African coal namely Fiseher-Tropsch, would at the 
then ruling market price be marginal if transport 
fuels alone were to be produced. The lack of 
selectivity of Fischer -Tropsch towards gasoline and 
diesel was recognized as an opportunity rather than 
a disadvantage and it was decided to spend addi-
tional capital to recover the more valuable 
byproducts. Sasol One consequently started up as a 
petrochemical complex rather than just as a liquid 
fuels plant.	 By 1970 already forty different 
byproducts were being marketed.	 The growing
petrochemical market continuously presents oppor-
tunities to market additional coproducts. Today 
chemicals are the star performers of the Sasoi Group 
and the number of non-fuel products being marketed 
has grown to 80 (Table 2). 

The question has often been asked how it is possible 
for Sasol to compete with crude oil. In part the 
answer lies in the fact that 25 percent of Sasol's 
income Is obtained from chemicals and this share is 
still growing. 

Sasol is a private company and the price received 
for transport fuels is determined by the landed cost 
of imported products. 	 The low price of transport

Waxes (22) 
Solvents (12) 
Nitrogenous Chemicals (4) 
Coal Tar Products (7) 
Mining Chemicals (2) 
Ethylene 
Propane 
C 10N-Paraffins (3) 
Sulphur 
Fertilizers (15) 
Explosives (12)

Total	 (80) 

Van der Pas suggests that the most attractive 
process scheme for a future synfuels complex In the 
United States could be based on coal via the in-
direct Fischer-Tropsch route producing liquid fuels 
with pipeline gas and petrochemicals as coproducts. 

The best place to start such a venture would be in 
North Dakota at the Great Plains plant. In this way 
the economic viability of Great Plains can be im-
proved and the valuable know-how already accumu-
lated can be retained and further expanded. 

WIDE COMPLETES BTW PROJECTS 

Uhde Gmb}l, of the Federal Republic of Germany, 
lists several ongoing or recently completed projects 
involving the High Temperature Winkler (HTW) coal 
gasification process, in its Annual Report, Uhde 
says that work in the fields of coal and energy 
technology Is being stepped up. These areas, 
originally part of Uhde's Technical Division I, 
together with ammonia and methanol, now constitute 
the newly-formed Technical Division XI, devoted to 
developing a program of energy technology and re-
lated fields for presentation to an international 
clientele. 

The specialist know-how acquired over the past 
decade and applied in the first two Industrial-scale 
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coal gasification plants based on the High-
Temperature Winkler	 (HTW) and Texaco processes 
will be further developed. The data gained from 
day-to-day plant operation will be subjected to 
detailed analysis and the results utilized in the 
design and construction of future plants. 

Ammonia from Peat 

Uhde engineered the first industrial-scale plant for 
the gasification of Finnish peat in 1987 for Kemira-
Oy at Oulu in Finland. 

Erection work has been completed and preparations 
for the commissioning stage are currently under way. 

The plant, based on the HTW process, will have a 
throughput of 650 tons of dry peat per day. The 
synthesis gas produced win provide for an annual 
ammonia output of 8,000 tons. Local peat reserves 
will replace the currently-used heavy oil as the 
feedstock for ammonia. A schematic of the facility 
is shown in Figure 1. 

Further Development of the IITW Process 

Further development work is currently under way on 
the UTW Process with a view to improving both 
process technology and plant components as well as 
testing the circulating fluidized-bed gasification 
process for installation in combined-cycle power 
plants. 

A pilot plant located at Weaseling is being converted 
to carry out this research and development program. 
The engineering work is being undertaken by tJhde, 
with Rheinbraun AG carrying out the tests. The 
following Process aspects are targeted for improve-
ment: 

- The gasification pressure is being raised to 
25 bar and the throughput increased by 
modifications to the operation of the 
fluidized bed. 

- The current range of raw materials is being 
extended to include other varieties of coal. 

- New gas treatment processes are being 
tested. 

The converted pilot plant, designed for a maximum 
throughput of 150 tons per day, is scheduled to go 
on stream in 1989. 

Tests Completed on Australian Lignite 

Uhde has been contracted to prepare a study aimed 
at developing a plant concept for a combined-cycle 
power station to be constructed near Adelaide in the 
State of South Australia. The first part of the 
study entailed tests on Australian lignite in the HTW 
plant at Wachtberg.	 Tests on 200 tons of the
problem coal, which has an exceptionally high salt 
and sulfur content, 	 showed conclusively that
gasification using the HTW process is feasible.

FIGURE 1 

HIGH TEMPERATURE WINKLER PLANT 
FOR PEAT GASIFICATION 

Peat

Peat drier 
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uld nitrogen scrubber 
Nitrogen

Compressor 
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Uhde has compiled a preliminary study based on the 
test results for the client, a consortium consisting 
of the three groups, 0MW, ETSA and SAGASCO. 
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sophisticated technologies involved. Since China is a 
developing country, says Ban, technologies appropriate 
to China should be: 

Work on the basic engineering for the power plant 
has for the moment been postponed to the 1990s 
owing to recent changes in Australia's energy cir-
cumstances.

- Suitable for Chinese coals 
- Affordable for smaller enterprises 
- Easily operable 

APPROPRIATE SYNFLIEL TECHNOLOGIES DEFINED FOR 
CHINA 

Energy is	 the most	 important	 issue facing	 modern 
China. Shortage	 in	 energy	 supply Is one	 of	 the 
limiting factors of economical growth at present, and 
will	 remain as	 a	 bottleneck	 unless significant 
progress could be	 made	 in	 the	 area of exploitation 
and conversion technologies.

China has abundant resources of coal, but little oil 
and gas in comparison with the large population. At 
present, over 70 percent of the energy consumption 
of the country Is derived from coal, and it Is 
projected that coal will remain as the principal 
source of energy for a long time to come. World 
oil price "ill have little effect on this situation. 
Development of synfuel technologies is urgently 
needed to solve problems of efficiency, transporta-
tion, environmental protection and shortage of liquid 
and gaseous fuels. 

That is the assessment of Eno Han-Chen, of the 
Chinese Academy of Sciences, speaking to the 
"SynOps 38" symposium in Bismarck, North Dakota, 
August 29. 

Direct combustion of coal in out-dated industrial 
furnaces, kilns and numerous domestic stoves is the 
chief cause of low efficiency and serious air pollu-
tion in many cities. At present, only 20 percent of 
the urban residents are supplied with town gas. 
Pressure for increased production of town gas and 
industrial fuel gas Is growing rapidly. 

Prices of motor fuels and petrochemicals in the 
domestic market are rising sharply, although world 
oil price has dropped to a low level in recent 
years. The gap between supply and demand is pre-
dicted to be broadening. 

In many coal fields of China, such as those in 
Shanxi Province,	 coal production is limited by 
transportation. Although new railroads are under 
construction, it is believed that production there can 
easily exceed transportation capacity, and cheap coal 
will always be available in these areas. 

Growing demand for liquid fuels and the availability 
of cheap coal provides an opportunity in China for 
the development of synfuel technologies. 

ChIne Synfuel Projects 

The main constraints to the development of a syn-
fuel industry in China are the capital Investment and

The chief aim of the Academy's synfuel projects Is 
to identify and develop technologies appropriate to 
China. The Academy is chiefly responsible for the 
development of fluidized bed gasification and indirect 
liquefaction processes, while other institutions are 
responsible for the development of direct liquefac-
tion, moving-bed and entrained bed gasification 
processes. 

The following of the Academy's synfuel projects are 
included in the seventh five-year plan (1986-1990): 

- Ash Agglomerating Gasification 

- High Octane Gasoline from Syngas 

- Mixed Alcohols from Syngas 

- Supercritical Gas Extraction of Low Rank 
Coals 

- Partial Methanation 

A pilot plant base is now under construction to 
scale up some of the above processes. 

Ash Agglomerating Ga,Ificatiai 

Cheap coke oven gas is used as town gas in many 
cities, where coking coals are available. In some of 
the gas plants, the ovens consume nearly half of the 
amount of gas produced. Moving bed producers can 
be used to produce low heating-value gas as plant 
fuel, thus expanding the volume supplied to the resi-
dents. These producers require lump coals or cokes 
and higher investment due to lower throughput. 

The first objective of the Academy's ash agglomerat-
ing gasification project is to develop a gasifier of 
larger capacity and capable of using cheaper coal 
fines as feedstock for the production of plant fuel 
for these gas plants and other industrial heating 
purposes. 

A one ton per day process development unit (PDU) 
was set up in 1983 in the Institute of Coal 
Chemistry, Chinese Academy of Sciences (ICC). Some 
67 test runs covering six kinds of samples including 
coke breeze, lean coal, high ash meager coal, coking 
coal middlings, gas coal and anthracite have been 
carried out in this unit. 	 Typical experimental 
results are given in Table 1.	 Ash agglomerating
gasification Is considered as appropriate to China. 

The design of a 24 ton per day pilot plant has been 
completed and will start operation around 1990. The 
next objective of this project will be the develop-
ment of a pressurized gasifier for the production of 
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TABLE 1 

EXPERIMENTAL RESULTS FOR ASH-AGGLOMERATING GASIFIER 

Lean Meagre Coking Coal Gas 
Coke Coal Coal Middlings Coal Anthracite 

Bed Temp. °C 1190 1125 1110 1090 1085 1100 
Feedrate 
Coal Kg/Hr 20.0 48.7 32.8 52.3 42.0 56.1 
Steam Kg/Hr 16.5 20.0 20.0 19.4 13.4 23.0 
Air Ml'/Hr 111.2 125.4 109.6 102.3 107.5 160.9 
Heating Value of 

Gas Kcal/NM 3 794.7 1005.6 782.3 894.4 874.2 771.8 
Gas Composition Vol% 

CX) 18.20 14.20 12.13 13.13 12.79 13.95 
13.53 12.44 16.73 9.63 10.69 10.61 

11 8.06 14.70 12.41 14.24 13.19 11.13 
- 1.45 0.40 0.68 0.87 0.05 

N 2 60.21 57.39 58.33 62.32 62.46 64.26 
Carbon Content 

in Ash Wt. % 6.84 2.36 3.32 7.96 9.01. 5.36

syngas and fuel gas for combined cycle production 
of electric power. 

Partial Methanatlon 

Water gas is blended into town gas in many gas 
plants.	 If it were used alone, the CO content 
would be too high. 	 In China, nearly every county
or small town has a small synthetic ammonia plant 
starting with water gas production. 	 Water gas
producers are being manufactured in China at low 
cost.	 Workers familiar with this technology can be 
found even in remote places. So the partial 
methanation of water gas provides a convenient way 
of producing town gas for small towns. 

Dalian Institute of Chemical Physics of the Academy 
(DICP) has succeeded In developing a new type of 
heat resistant methanation catalyst. Satisfactory 
results were obtained in industrial-size single tube 
reactor tests. 

A demonstration plant is now under construction In a 
small town (Wa Fang Dian, north of Dallas). Al-
though the cost of the product gas may be two to 
three times that of coke oven gas, It would be ac-
ceptable in some coastal areas. 	 Rapid deployment
may occur around 1990. 

Another option for obtaining town gas from water 
gas is the cogeneration of liquid and gaseous fuels 
through Fischer-Tropsch synthesis. 

Some larger cities have chosen moving bed pres-
surized gasifiers for the production of town gas. 
The one at Shenyang has completed construction, but 
stopped soon after test runs owing to technical and 
economic problems. The other two, one at Harbin 
and one at Lanzhou, are now under construction.

Due to high cost of imported gasifiers, the cost of 
the product gas may be higher than the gas from 
methanation of water gas. DICP is developing a 
sulfur-tolerant methanation catalyst for upgrading the 
product gas from this type of gasifier. 

Some smaller cities have chosen two-stage atmos-
pheric gasifiers for the production of town gas. A 
demonstration plant using gasifiers imported from 
Poland is under construction. The product gas also 
contains too much CO (around 30 percent), so that 
partial methanation may be necessary. 

Synthesis of High-Octane Gasoline from Syngas 

In comparison with direct liquefaction, Bao says that 
indirect liquefaction has a better chance of develop-
ment in China, because: 

- it can use wider range of coals as feedstock 

- Numerous small and medium ammonia plants 
can be easily expanded to produce liquid 
fuels, a way of reducing Investment 

- Similarity of the ammonia and Fischer-Tropsch 
(F-T) synthesis make it easier to gather up 
teams of trained technicians and workers 

The conventional F-T synthesis, however, has a broad 
spectrum of products. 	 It may be too complicated 
for smaller enterprises. 	 Furthermore, the octane 
number of the gasoline fraction from conventional 
F-T synthesis is very low. Since gasoline derived 
from Chinese petroleum is also of low quality, un-
leaded high octane gasoline would have a favorable 
market in China. 
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ICC has developed a two-stage F-T Zeolite Process, 
in which gasoline with an octane number above 
80 amounts to 65-80 percent of the hydrocarbons 
formed. 

Synthesis of C 1-05 Alcohols 

Another option for obtaining motor fuel from coal is 
to use alcohol fuels. The institute of Engineering 
Thermophysics of the Academy has carried out a 
series of engine tests using M-100 and M-15. 	 For 
the synthesis of C 1 -0 5 alcohols,	 two types of 
catalysts have been developed. 	 Further scaling up
of these processes is now under discussion. 

Supercritical Gas Extraction of Low Rank Coals 

In all existing gasification and liquefaction processes, 
organic matter in coal is broken down under more 
or less drastic conditions. Investigations at ICC 
seem to indicate that supercritical gas extraction of 
low rank coals may be practical under milder condi-
tions. 

The advantages of this process may be summarized 
as follows: 

- Fairly high yield of liquid product --
30-50 percent of the organic matter convert-
ible to oil 

- Relatively high hydrogen/carbon (H/C) ratio 
in the liquid product -- less hydrogen re-
quired for upgrading 

- Extraction without using hydrogen -- lower 
Investment and operation cost 

- No problem in separation of liquid and solid 
residue -- liquid product free of solid con-
taminates 

- fligh reactivity char and high heating value 
gas coproduced -- all products of good 
quality 

- Water enhancing liquid formation -- excessive 
drying of the feed unnecessary 

All these factors have been proven in a continuous 
flow system. A larger continuous extraction column 
is under construction. The Academy feels this may 
be an attractive and practical way of coproduction 
of good quality liquid, solid and gas from coal.

KANSK - ATCBINSK LIGNITES TO BE MAJOR SOURCE 
OF SYNThEnC FUELS IN THE USSR 

A brief abstract by P. Kuznetsov and V. Sharypov of 
the Institute of Chemistry & Chemical Technology of 
the Siberian Branch of the USSR Academy of 
Sciences notes that the Kansk-Atchinsk coal field is 
one of the largest in the USSR, containing about 
600 billion tons of lignite, 140 billion tons of which 
can be mined by cheap open-cut techniques. The 
chemical composition and technical indices of the 
Kansk-Atchinsk lignites indicate they are valuable 
raw materials for processing into synthetic liquid 
fuels by hydrogenation. A number of processes of 
synthetic oil production are being worked out. 
Large-scale plants are being built for testing of 
technologies in the field. 

The kinetics and mechanism of Kansk-Atchinsk lignite 
conversion in different solvents, and the process of 
Its hydrogenation into liquid hydrocarbon products 
have been investigated in detail. Lower aliphatic 
alcohols under sub- and supercritical conditions, 
tetralin and also oil fractions have been used as 
solvents. Ore materials produced from "polymetal,' 
iron, molybdenum and aluminium ores by different 
techniques as well as chlorides and hydroxides of 
transitional metals have been used as catalysts. 

The catalytic action of ore additions during lignite 
hydrogenation in tetralin depends on their mineral 
composition and on the type of original ore. 

Pyritic systems were more active as compared to 
oxide ones. The patterns containing both pyrite 
phases were the most active. Having compared the 
results of investigation of catalytic action during 
hydrogenation of lignite to that of model compounds, 
It has been suggested that the increase in yield of 
liquid products from lignite in the presence of ore 
catalysts is due to the hydrogenation of liquid 
products by hydrogen. The hydrogenated liquid coal 
products are then more active 11-donors than 
tetralin. The higher activity of pyritic systems Is 
conditioned by the combined action of pyrrotite and 
hydrogen sulfide. 

Lignite liquefaction in sub- and supercritical lower 
aliphatic alcohols and in toluene has been studied. 
It has been shown that lignite liquefaction in al-
cohols is accompanied by intensive alkylation, leading 
to the formation of improved compositions of liquid 
products. 
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ENVIRONMENT 

tTflLrflES ASSESSING RISKS AT OLD COAL 
GASIFICATION SITES 

For many decades before the 1940s, town gas 
derived from coal was widely used in the United 
States as a heating fuel. Coal tar derived from the 
coal carbonization processes was commonly used in 
roofing materials, road tars, Industrial fuels, wood-
preserving chemicals, and paints and enamels. But 
the tar that could not be sold or reprocessed was 
usually disposed of In shallow ponds or wells near 
the gas-processing sites and subsequently covered 
with sail and other materials. Today, utilities and 
other past and present site owners are finding it 
necessary to assess the public health risks of these 
sites. 

Coal tar itself has not been designated a hazardous 
waste, but some of the chemicals contained In it 
are identified as toxic in the Clean Water Act, the 
Resource Conservation Recovery Act, and the en-
vironmental regulations of some states. As part of 
its air and water quality research The Electric 
Power Research Institute (EPRI) reports that it is 
participating in these coal tar risk assessment 
studies. 

As an example quoted by EPRI, one utility recently 
began to investigate past gas production by com-
panies that the utility had acquired through mergers 
and consolidations. After identifying a number of 
coal tar deposit sites, the utility began field inves-
tigations for the purpose of determining their poten-
tial human health and environmental effects. 

At one site containing relatively large deposits or 
tar, there was evidence of potential groundwater 
contamination. The tar disposed at the site was the 
result of gas production that began in the 1880s and 
ended in the mid 1950s. The gas plant produced 
about 1.5 million cubic meters of gas per year, 
resulting In an annual tar production rate of 
11,300 cubic meters. Much of that tar was probably 
sold, but large amounts remain at the site. 

The utility has identified two primary tar deposits at 
the site: a tar pond in which the tar is ap-
proximately three meters thick, with tar-saturated 
soil below it, and a lake bed deposit that is about 
1.5 meters thick, also with tar-saturated soil below 
the tar deposit. 	 The two deposits cover about
0.4 hectares, with a volume of 14,000 cubic meters. 

The tar deposit site is bounded on the 'vest by a 
flat area sloping down to a floodplain that was a 
26-hectare lake on a river until a decade ago, when 
the dam that formed the lake was breathed during a 
storm. The property and land adjacent to the north 
and south are zoned for residential development, and 
the land to the east, industrial. These land uses 
are not expected to change In the foreseeable fu-
ture.

According to EPRJ, coal tar deposits can exist In 
four fractions: a solid or semisolid fraction; two 
liquid fractions (one heavier than water, one lighter); 
and a water-soluble fraction. The solid or semisolid 
tars tend to remain where deposited; the heavier-
than-water liquid fraction can sink until it reaches 
an impermeable clay or bedrock layer, at which time 
it can move horizontally; the lighter-than-water por-
tion floats and therefore can move on the 
groundwater surface; the water-soluble component 
dissolves into the groundwater. 

The distance to which the liquid fractions can move 
in the groundwater is a function of several factors. 
When the liquid fractions are leached from a dis-
posal site, the extent of the subsequent pollution 
depends on the size of the source; the porosity, 
permeability, and chemistry of the soil; the local 
groundwater gradient; and the solubility of the coal 
tar chemicals. Under some conditions, groundwater 
contamination can spread over considerable distances, 
and large tar deposits can continue to contaminate 
over many years. 

The project team selected chemicals to study on the 
basis of the following criteria: 	 their presence in 
the deposits In significant concentrations; their 
known potential to cause human health or environ-
mental risk; and their ability to travel through the 
groundwater to reach the river at different rates. 
This led to five chemicals:	 benzene,	 toluene,
xylene, naphthalene, and phenanthrene (Table 1). 

Investigators sampled the tar, soil, and groundwater 
to estimate pollutant transport to adjacent surface 
waters. To estimate the overall exposure from these 
pathways and the resulting incremental effect on 
human health, analysts used EPIU's WTRISK program 
as a general framework for modeling a substance 
from its source to Its eventual effects on human 
health. 

The study showed that emissions of the five selected 
pollutants from the tar deposit site pose little risk 
to the surrounding environment and population. Sur-
face water concentrations of the pollutants were es-
timated to be low; moreover, the river water Is 
used neither for drinking nor for irrigation, thus 
further mitigating any potential health hazard. 

Should the site be disturbed by excavation or con-
struction activities, benzene and other volatile pol-
lutants would probably be emitted to the air at 
higher rates than they are now. Moreover, con-
taminated soil and dust would be picked up by winds 
and carried Into the surrounding neighborhood. But 
on the basis of the risk calculations, neither of 
these situatLons would pose a significant health 
hazard to the nearby population. The risk analysis 
indicated that neither excavation of the coal tar nor 
other remedial action was necessary in this case. 
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TABLE 1 

SELECTED CONSTITUENTS FOR (XML TAR STUDY 

Maxinnl Measured Possible Estimated Transport 
Concentration in Core health Tim : Site to 

Constituent Samples (ug/g) Effect River (Yr) 

Benzene 370 Leukemia 70 
Toluene 370 Fetal Malfornntion 150 
Naphthalene 30,000 Not Identified 700 
Xylene 360 Fetal Malformation 800 
Phenanthrene 18,000 Gastric Ttnmrs 9,500

The WTRISK transport model is one of several 
analytic tools being developed by EPRI to help 
utilities assess the potential risks of old coal tar 
disposal sites. There appears to be considerable 
variation from one site to another, however, and the 
estimates of health risks are highly dependent on 
the composition of the coal tar and the conditions 
of human exposure. 

COAL-FIRED FBC TO BE USED FOR HOSPITAL WASTE 

The United States Department of Energy (DOE) has 
announced that it is entering into a cost-sharing 
agreement with Good Samaritan Hospital In Lebanon, 
Pennsylvania, to demonstrate that medical waste--
surgical gloves, gowns, syringes, needles, etc.--can 
be safely disposed of by burning it with coal in a 
fluidized bed boiler. The DOE believes the at-
tributes of fluidized bed coal combustors make them 
prime candidates for clean burning waste incinera-
tion. 

The temperatures at which coal burns in a fluidized 
bed combustor--about 1,6000 F--are ideal for 
destroying many of the infectious toxins that are 
contained in discarded surgical and obstetrical 
materials. Also, the limestone added to a fluidized 
bed boiler to absorb sulfur, along with coal ash, 
may react with the chlorine that forms when certain 
plastics are incinerated, rendering these potentially 
harmful and corrosive gases innocuous.

Hospitals are struggling with the problem of dispos-
ing of growing amounts of infectious waste, and the 
problem has become more acute as fears about AIDS 
have created additional handling and disposal con-
cerns. The problem becomes directly translated into 
a dollars and cents issue: the expense In discarding 
this material is increasing the costs of medical care. 

A 500-bed hospital can pay about $150,000 a year 
simply to have the waste transported to an Incinera-
tion or other disposal facility. Hospitals that treat 
many AIDS patients, and other large hospitals, may 
pay up to $300,000 per year in hauling costs. 

The fluidized bed combustor approach allows hospitals 
to incinerate the waste onsite and, at the same 
time, produce energy for heat, steam and other 
hospital uses. It would also open a market for 
perhaps three to five million tons of additional coal 
production per year, according to the Energy Depart-
ment. 

Good Samaritan Hospital will direct the program and 
prepare surrogate wastes--clean bandages doped with 
non-infectious microbes, along with chemicals similar 
to those that form toxins when burned.	 Skelly 
Loy Engineers -Consultants, of Harrisburg, Pennsyl-
vania, will design waste handling and feed systems, 
monitor stack gas emissions, coordinate project ac-
tivities and design a full scale combustor. 

York-Shipley of York, Pennsylvania, will modify an 
existing circulating fluidized bed combustor and run 
combustion tests on the surrogate waste and coal 
fuel. Pennsylvania State University will identify 
model compounds to simulate hazardous wastes and 
examine the potential for coal ash and limestone to 
capture chlorine-containing gases. 
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RESOURCE 

GREEN RIVER-HAMS FORK COAL LEASING PROCEDURES 
ANNOUNCED 

The eight-member Green River-llama Fork Regional 
Coal Team (RCT), sponsored by the Bureau of Land 
Management (BLM), met In Denver on June 1, 1988, 
and approved final Operational Procedures for federal 
coal leasing in northwestern Colorado and southern 
Wyoming. 

The operational procedures identify leasing by ap-
plication in the region and detail the adjudication of 
lease applications, preparation of environmental, 
planning and fair market value documents, the role 
Of the regional coal team, and coordination with 
state and federal agencies. 

In addition, the RCT has Issued an Action Plan for 
use by the national Federal-State Coal Advisory 
Board which describes the Green River-Hams Fork 
RCT policies with respect to preparation of data 
adequacy guidelines, use of market assessments, the 
role of the ROT In processing lease applications, and 
considerations of recertifying the region under the 
regional activity planning process described in 
13 CEFt 3420. 

INTERIOR SEEKS COMMENTS ON UNDERGROUND COAL 
ROYALTY RATES 

The Department of the Interior's Bureau of Land 
Management (BLM) proposed n rulemaking in the 
Federal Register, July 29, that seeks public comments 
on possible revisions of current federal underground 
coal royalty rates. 

The Interior Department review of the current rates 
was prompted by an April 1987 ruling by the 10th 
Circuit Court of Appeals in Coastal States Energy 
Company versus Hodel. 	 The court held that the

government erred by automatically imposing an eight 
percent royalty rate at the time of lease readjust-
ment, because the existing regulations require BLM 
to review each lease on a case-by-case basis. 

The proposed rulemaking Is based on a recent draft 
BLM study of existing underground coal royalty rates 
("Review of Issues for Setting Royalty Rates on 
Federal Underground Coal," June 17, 1988). The 
draft study concludes that market conditions and ex-
pectations for underground coal have changed con-
siderably since the existing regulations were estab-
lished in 1979. Therefore, the Interior Department 
Is proposing to set a flat royalty rate for federal 
underground coal leases and Is requesting comments 
on an appropriate rate. 

The Interior Department Is considering two alterna-
lives for the flat royalty rate:	 five percent or 
eight percent of the value of the coal. The 
rulemaking requests public comments on the ap-
propriateness of either of these two percentages as 
a flat rate or the appropriateness of an alternative 
percentage between five and eight percent. 

Under the proposed rulemaking, the flat rate would 
be applied to all new underground coal leases and 
to existing underground leases at the time of their 
next regularly scheduled readjustment. The rulemak-
ing also requests public comment on whether the 
flat rate, If set at less than eight percent, should 
be made available to existing leases that already 
have an eight percent rate. 

FILM's current royalty rate regulations establish a 
royalty rate of eight percent of the value of coal 
removed from an underground mine, except that BUM 
may determine a lesser amount for an individual 
lease If conditions warrant, as long as the lower 
rate Is at least five percent. 
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SOCIOECONOMIC 

CROW TRIBE GETS PART OF IMPOUNDED TAX MONEY

Federal District Judge James Battin has	 released over 
$500,000	 to the	 Crow Indian Tribe,	 a portion	 of	 the 
$28	 million	 held	 in	 an escrow	 account	 consisting of 
severance taxes paid by Westmoreland Resources, the 
only	 company	 mining Crow	 coal.	 The	 escrow	 ac-
count	 was	 established In	 1982	 to	 hold	 the	 taxes	 in 
reserve	 while	 awaiting	 the	 court's	 determination	 on 
whether the state	 of Montana could collect taxes on 
Indian	 owned	 coal. In	 January,	 the	 United	 States 
Supreme	 Court	 ruled that	 Montana	 could	 not	 levy 
taxes	 on	 the	 tribe's coal	 or	 on	 coal	 outside	 the

reservation boundary called the "ceded strip" where 
Westmoreland Is mining. Both the tribe and the 
utilities using Westmoreland's coal had laid claim to 
the money.	 The utilities stated they had actually
paid the taxes under a "pass through' clause In 
their contracts with Westmoreland. 	 Battin's action
by giving the money to the tribe hints that the 
utilities will not be successful. Other questions still 
to be resolved are whether Westmoreland should con-
tinue paying into the escrow account and whether 
the Crow Tribe can levy Its own severance tax. 
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RECENT COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Symposium on Opportunities in the Synfuels Industry, held in Bis-
marck, North Dakota, August 28-31: 

Wampler, J. A., "Department of Energy Perspective on the Synfuels Industry." 

Van der Pas, T., "Recent Developments In the Synfuel Industry in the Republic of South 
Africa." 

Harrison, W. E., Ill, "Production of Aviation Fuel from Great Plains Gasification Plant By-
Products. 

Andersen,	 G.,	 et al.,	 "Methanol Fuel:	 Converting North Dakota Lignite Into Liquid 
Transportation--Fuel for the Nation." 

Ilan-Chen, B., "Synfuel Technologies--What is Appropriate for China." 

Groenewold, G. H., at al., "Overview of Underground Coal Gasification--Issues & Opportunities." 

Herbert, P. K., et al., 'Gasification in Lurgi Circulating Fluid Beds." 

Jha, M. C., et al., "Mild Gasification--Pellet Technology Corporation IronmaJclng." 

Kuhn, A. H., et al., "Pilot Scale Testing of Alternate Sulfur Removal at Great Plains Gasifica-
tion Plant." 

Lawrence, P., "Effluent Control Strategies for British Gas/Lurgi Slagging Gasification." 

Ghate, M., "Gasification with In Bed Sulfur Capture." 

McCarthy, G. 1., 'The Value of Mineralogical Characterization of Synfuel Solid Wastes as Il-
lustrated by Lignite Fixed-Bed Gasification Ash," 

Ilnssett, D. J., "Leaching Research Characterization, Regulation, and Metal Recovery." 

Be Paz, E. F., et al., "Characterization and Utilization of Slag from the Texaco Gasification 
Process," 

Eklund, C., "Characterization and Utilization of Synfuel Byproducts." 

Drink, A., 'the SASOL Experience with Purification and Reuse of Wastewater." 

Brornel, 71., "Bioremedlation at Great Plains Gasification Plant," 

Turner, C., "Characteristics & Treatability of Synfuels Wastewater." 

Peterson, D. L,, et al., "Wastewater Treatment for Integrated Gasification Combined Cycle 
Power Plants." 

Ilrudey, S., "Anarobic Biological Testability of Synthetic Fuels Wastewater." 

The following presentations were made at "Confab 88" held in Silver Creek, Colorado, August 2-5: 

Boysen, J., et al., "Preliminary Results of the Rocky Mountain 1 Underground Coal Gasification 
Test: Vent and Cooldown Activities," 

Buchanan, A. S., et al., "Densifled Brown Coal." 

Harrison, W. E., Ill, "U.S. Air Force Jet Fuels from Coal Program." 

Snape, C. E., et al., "Hydropyrolysls of Coal with Dispersed Molybdenum and Novel hydrous 
Titanium Oxide Catalysts."
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Sprecher, R. F., "Diffusion of Solvent in Coal Slurries: An Application of the pulsed Gradient 
Spin Echo NMR Techniques." 

Wells, A., "Gas-Solid Phase DerivntLzation of the Surface of Coal." 

The following papers were presented at the conference on "Coal--Targets of Opportunity" held in 
Washington, D. C., July 12-13: 

liapeman, M. J., "Coal-Derived Fuels as Successful Petroleum Replacements and Unique Oppor-
tunities Offered to U.S. Railroads." 

Wolfe, R. A., "Liquid Coal--The Future Fuel for Locomotive Engines.' 

Scott, C. 0., "The Conversion of Coat to Liquids and Gases by Advanced Bloprocessing 
Systems." 

Babu, S. P., "Mild Gasification of Coal: Potential Opportunities for Value Added Uses." 

Miller, J. 0., "Fossil Resins from Coal--A Wasted Resource and Target of Opportunity." 

The following papers were presented at the symposium on "Underground Coal Conversion--A Contribution to 
the Future Supply of Energy?," held May 5-6, 1988 in Essen, Federal Republic of Germany! 

Knobtauch, K., "Introduction to Underground Coal Conversion Research." 

Guntermann, K., "Basic Research and Laboratory Work on UCG." 

Siebert, J., "In-Situ Test and Measuring Methods," 

.Iertens, V., "Developments in DriLling Research Needed to Initiate UCG." 

Wagner, J., "Free- and Alternative Linking Methods." 

Witte, P., "Field Tests on UCG Conducted World-Wide." 

Li, T. K., "Results of the German-Belgian Field Test In Thuiin." 

Hewel-flundermann, H., "11CC of Deep Lying Coal In the Light of Legal Requirements." 

Wiegnnd, D., "Technical and Economical Fra.-neeondltions of 0CC at Great Depths." 

Hewing, C., "Summarizing Evaluation and Conclusions for Future Development." 

Diehl, H., "11CC in the Sight of the German Research Ministry." 

P,isch, C., "Applied Fundamental Research on In-Situ-Coal Conversion." 

:crabiell, K., "Tasks and Aims of the European Working Group on UCG." 

Eberl, E., "Research Projects and Programme on UCG in Yugoslavia." 

Davis, B. EL, "Technique and Develop.teat of UCG in the United States." 

N.N, "State of Technique and Development of UCG in the USSR," 

The following papers were presented at the 195th American Chemical Societys' National Meeting and Third 
Chemical Congress of North America, held in Toronto, Ontario, Canada, June 5-10, 1988: 

Boehm, F. C., et al., "The Status of Canadian Energy's Co-Processing Technologies." 

Cugini, A. V., et al., "Novel Dispersed-Phase Catalytic Approach to Coprocessing." 

Lee, L. K., et al., "The Behavior of liighvale and Vesta Coals Under Co-Processing Conditions." 

Lenz, U., et al., "Coprocessing - The Hydrogenation of Lignite Together with Residual Oils." 
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Chase, J. 0., et al., 'The New Coprocessing Pilot Plant at CANMET's Energy Research 
Laboratories." 

Ikura, M., et al., 'teneficiation of Lignite by Oil Agglomeration as an Integral Part of 
Coprocessing." 

McMillen, D. F., et al., "The Chemical Origin of Synergy in Liquefaction and Coprocessing." 

Curtis, C. W., et al., "Evaluation of the Interactive Chemistry of Coal-Petroleum Systems Using 
Model and Actual Reactants." 

Cugini, A. V., et al., "Coal/Oil Coprocessing: Mechanism Studies." 

Caygill, R., at al., "Interactions in the Extraction Stage of Two-Stage Coprocessing." 

Aulich, T. It., et al., "Coprocessing with Petroleum Resld and Martin Lake Lignite.' 

Wlnschel, R. A., et al., "Stable Carbon Isotope Analysis of Coal/Petroleum Coprocessing 
Products." 

Muehlenbachs, K., at al., "Natural Variations of 13 C Abundance In Coal and Bitumen as a Tool 
to Monitor Co-Processing." 

Wallace,	 S.,	 et al.,	 "Characterization of Reactants and Products in Coal-Petroleum 
C oprocessing." 

Parker, R. J., at al., "Hydrotreating of Coprocessing Derived Liquids." 

Szladow, A. J,, at al., "Kinetics of Heavy Oil/Coal Coprocessing Kinetics." 

Miller, R. 1., et al., 'tow Severity Co-Processing Using Homogeneous Basic Nitrogen Pronoters." 

Schwartz, M. M., et al., "Coprocessing Coal Liquids with Petroleum Resid." 

Fouda, S. A., et al., "Effect of Coal Concentration on Coprocessing Performance." 

Oelert, H. H., at al., "Parameter Evaluation for Coprocessing of Brown Coal and Vacuum 
Residue from Petroleum." 

Khan, M. R., "Influence of Coal Type and Pyrolysis Temperature on Surface Distribution in 
Products During Devolatilization." 

Faterni-Badi, M., et al., "Distribution of Sulfur During Coal Pyrolysis in a High-Pressure, 
Entrained-Flow Reactor." 

Oh, M. S., at al., "Evolution of Sulfur Gases During Coal Pyrolysis." 

Krishnan, G., et al., "Removal of Hydrogen Chloride Vapor from High-Temperature Coal Gases." 

Lynn, S., et al., "Removal of H 2   from Coal-Derived Gases." 

Grindley, T., et al., 'The Removal of impurities from Hot Coal-Derived Gas by Filtration." 	 - 

Baker, R. IV., et a)., "Opportunities for Membrane Separation Processes in Coal Gasification." 

Olson, E. S., et al., "Studies of Catalytic Upgrading of Low-Severity Liquefaction Products 
from Low-flank Coal." 

Graeser, U. R., et al., "Upgrading of Coal Derived Oil by Integrating Hydrotreatment to the 
Primary Liquefaction Step." 

Cub, D. L., et al., "Perfor,nance of Hydrous Titanium Oxide-Supported Catalysts In Coal-Liquids 
Upgrading." 

Curtis, C. W., at al., "Activity and Selectivity of Molybdenum Catalysts In Coal Liquefaction 
Reactions."
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Moroni, E. C., "Origins and Reactions of Alkyls and Alkanes In Direct Coal Liquefaction." 

Suuberg, E, M., et al., "The Macromolecular Structure of Coal - Its Relationship to Diffusion 
and Reaction Processes in Coals." 

Finseth, D. H,, et al,, 'Interrelationships Between Coal Analysis, Coal Conversion, and Coal 
Structure." 

1(0, G. H., et al., "Application of First-Order, Single-Reaction Model for Coal Devolatilization 
Over a Wide Range of Heating Rates." 

Britten, J. A., at al., "A Mechanistic Model for Axisymmetric Cavity Growth During Under-
ground Coal Gasification." 

Hanjalic, K., at al., "Modeling of a High-Temperature Direct Coal Gasification Process in a 
Two-Stream Reactor." 

Moore, P. K., et al., "Continuous Kinetic Lumping for Lignite Liquefaction." 

Nagarajan, R., et al., "An Equilibrium-Thermodynamic Analysis of Sulfur Release and Capture in 
a Gasification Combustion Environment." 

Edwards, B. F., at al., "Model of Ash Mass Distributions from Coal Char Oxidation." 

Kahn, M. R., "Correlation Between Refractive Indices and Other Fuel-Related Physical/Chemical 
Properties of Pyrolysis Liquids Derived from Coal, Oil Shale and Tar Sand." 

Chaicravarty, T., at al., "Prediction of the Composition of Coal Tars from the Pyrolysis Mass 
Spectra of the Parent Coals Using Canonical Correlation Techniques." 

Maihotra, R., at al., "Pyrolysis of Coals Loaded with Polycydlic Aromatic Hydrocarbons." 

Freiiiaut, J. D., at al., "Chemical Characteristics of Tars Produced in a Novel Low Severity, 
Entrained-Flow Reactor." 

Huang, G., et al., "Thermal and Kinetic Study of the Mild Pyrolysis of Single Subbituminous 
Coal Particles." 

Serio, M. A., et al., "Pyrolysis of the Argonne Premium Coals Under Slow Heating Conditions." 

Deshpande, C. V., at al., "Crosslinlcing Reactions in Coal Pyrolysis." 

Grant, D. Al., at al., "A Chemical Model of Coal Devolatilization Using Percolation Lattice 
Statistics," 

Timpe, R. C., et al., "The Comparison of a Lignite Char, Subbitorninous Coal Char, and a 
Bituminous Coal Char Used in the Reaction with Steam to Produce Hydrogen." 

Aulich, T. R., et al., "Coal Liquefaction Using Deuterium-Labeled Anthracene Oil Solvent." 

Milburn, D. R., at al., "Nitrogen Doses and Carbon Deposits on Coal Liquefaction Catalysts." 

Denes, a., et al., "X-Ray Diffraction, Mossbauer Spectroscopic and Electron Microscopic Study 
of Tin "Fitanates" Catalysts Used for Coprocessing Mixtures of Coals and Heavy Oils." 

Phillip, C. V., et al., "Analysis of Nondistillables from Coal Liquids by Size Exclusion 
Chromatography/Fourier Transform Infrared Spectrometry (SEC/FTIR). 

Chawla, B., et al., "Determination of Compound Class Composition of Oil Fractions of Some 
Coal Liquids by Analytical Liquid Chromatography." 

Miller, D. J., et al., "Rapid Evaluation of Reaction Conditions on Coal Pyrolyzates Using 
Coupled Pyrolysis."
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The following papers were presented at a symposium on Advances In Synthetic Fuels From Coal, held as 
part of the American Institute of Chemical Engineers Summer National Meeting held in Denver, Colorado In 
August:

Masin, J. 0., et al., "Process Alternatives for Upgrading Great Plains By-Product Liquids.'t 

Entzminger, J. A., at a, "Development of an Advanced, Continuous Mild Gasification Process 
for the Production of Co-Products." 

Cena, R. J., et al., "Assessment of the CRIP Process for Underground Coat Gasification: The 
Rocky Mountain 1 Test," 

Galyon, G., et al., "Rocky Mountain 1 UCG Operation." 

Miller, K. L., et al., "Enhancement of Coal Liquefaction Reactivity by Mild Alkylation 
Pretreatment." 

Kim, N. K., "Hydroliquefaction of Superclean Coals." 

The following article appeared in International Chemical EngineerIng, July, 1988: 

Konghak, H., "A Mathematical Model for the Gasification of a Single Particle of Coal." 

New Reports from the Electric Power Research Institute include: 

Proceeding:	 Sixth Annual EPRI Contractor's Conference on Coal Gasification, (EPRI AP-5343-



S R). 

ChemCoal Process Development Program. (EPRI AP5390). 

Oxygen Plants for Coal Gasification: Experience at the Cool Water GCC Power Plant.	 (EPRI
AP-5432). 

Process Screening Study of Alternative Gas Treating and Sulfur Removal Systems for 10CC 
Power Plant Applications. (EPRI AP-'5505). 

Once-Through Methanol Project Support Study. (EPRI AP-5508). 

New reports from the National Technical Information Service Include: 

Wilsonville Advanced Coal Liquefaction Research and Development Facility, Wilsonville, Alabama: 
Development of a Simulation Model for Bituminous Coal Liquefaction in the Integrated Process 
at Wilsonville: Topical Report. (DE88000061). 

Development of an In-Situ Hydrogen Measuring Instrument for Coal Liquefaction Processes: 
Quarterly Report, July-September 1987. (DE8800 1344). 

Environmental Monitoring Plan for the Dow Syngas Project. (P888-127212). 

Cool Water Coal Gasification Program: Environmental Monitoring Plan (Revised). (P888-127584). 

Hydrogen Production with Coal Using a Pulverization Device. (PAT-APPL-6-941). 

Steam Conditioning of Coal for Synfuels Production: 	 First Quarterly Report, January 1-March 
31, 1987.	 (DE87014778). 

Clean Carbon and Hydrogen Fuels from Coal and Other Carbonaceous Raw Materials. 
(0 E870 12 111). 

Expansion of High-Temperature, High-Pressure Data Set for Coal Gasification: Quarterly Report 
for the Period December 28, 1986-March 28, 1987. (DE87006513). 

Reactivity of Heteroatoin-Containing Organics During Liquefaction of Subbiturninous Coal: 
Quarterly Technical Progress Report, June 15-September 15, 1987. (DE87013638), 

Cooperation Research in Coal Liquefaction Infratechnology and Generic Technology Development: 
Quarterly Report, April 1-July 1, 1987. (DE87013815). 
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Mild Gasification of Coal. (DE87014294). 

Environmental Assessments of Developing Coal Conversion Technologies: 	 Where Are the Data. 
(DE07014418). 

Utilization of hydrogen During Coal Liquefaction. (DE87013703). 

Catalytic Coal Gasification:	 identification of Active Sites, July 15-October 14, 1987. 
(DE8800134 1). 

Enhanced Coal Liquefaction by Low-Severity Catalytic Reactions: 	 Technical Progress Report 
for the Period June to August 1987. (DE88001663). 

The following articles appeared in Energy & Fuels, Volume 2, Number 3, May/June 1988: 

Siemieniewska, T., at at., "Influence of the Supercritical Toluene Extraction of Brown Coals on 
the Development of Porosity during Carbonization and Steam Gasification." 

Gray, M. R., et al., "Structural Compositions of Tars from Hydropyrolysis of Coal.	 Effect of
Reaction Severity." 

Dadey, E. .1., at al., 'Determination of Hydroxyl Group Concentration in Coal Liquids by ulp 
N MR." 

Nishioka, M., et at, "Mild Pyrolytic Production of Low Molecular Weight Compounds fron Ihigh 
Molecular Weight Coal Extracts." 

The following articles appeared in Energy & Fuels, Volume 2, Number 4, July/August 1988: 

Essenhigh, H. H., et al., "Release of Volatiles from Pyrolyzing Coal Particles: 	 Relative Roles
of Kinetics, Heat Transfer, and Diffusion." 

Solomon, P. R., et at, "General Model of Coal Devolatilizatlon." 

Howard, J. B., at al., "intraparticle Noaisothermalities in Coal Pyrolysis." 

Gibbins-Matham, J., at al., "Coal Pyrolysis Yields from Fast and Slow Heating in a Wire-Mesh 
Apparatus with a Gas Sweep." 

Chiba,	 T.,	 et al.,	 "Evaluation of Coal Reactivity for Liquefaction Based on Kinetic
Characteristics. 

Chiba, 'F., et al., "Mechanism of Semicoke Formation during Coal Liquefaction." 

Mikita, M. A., et al., "Water and Nondonor- Vehicle -Assisted Liquefaction of Illinois Bituminous 
Coal." 

Vassallo, A. M., et al., "Promotion of Coal Liquefaction by lodometliane." 1 

COAL - PATENTS 

"Process for the Conversion of Coal and Gypsum to Valuable Products." Timothy J. Kendron, Jerome Marten - In-
ventors, Florida Institute of Phosphate Research, United States Patent 4,744,969, May 17, 1988. The present in-
vention relates to the coproduction of a combustible feed gas stream usable as an energy source and a sulfur-
containing second gas stream usable as a feedstock for the production of sulfuric acid. The process includes 
heating coal in the presence of an oxygen-lean atmosphere under partial coal gasifying conditions to produce n 
solid carbonaceous char and a crude coal-gas stream. Sulfur-containing compounds are removed from the coal 
gas stream and converted to solid sulfur-containing materials. The solid sulfur-containing materials are combined 
with the solid carbonaceous char and gypsum to form a feed mixture. The non-gypsum portion of the feed mix-
ture contains sufficient reducing potential to release substantially all of the sulfur In the gypsum as gaseous 
compounds of sulfur in a +4 or lower oxidation state. The feed mixture is heated under reducing conditions to 
produce a sulfur-containing second gas stream and a solid sintered product. 

"Process for the Hydrogenolysis of a Coal Liquid Bottom." Yotchi Kageyama, Tetsuo llasuyama - Inventors, 
idemitsu Kasen Company, Ltd., Kobe Steel Ltd., Mitsubishi Chemical industries Ltd., Nippon Brown Coal Liquefac-
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tion Company, Ltd. Asia Oil Company. all Japan, United States Patent 4,740,289, April 26, 1988. A process for 
the hydrogenolysis of a coal liquid bottom containing benzene -insoluble components and having a boiling point of 
at least 4200 C, which comprises: (a) hydrogenating the coal liquid bottom at a temperature of not higher than 
3500 C in the presence of a catalyst comprising an alkali metal and/or an alkaline earth metal and a metal of 
group VI A of the periodic table to reduce the content of the benzene-insoluble components in the fraction 
having a boiling point of at least 420 0 C, to a level of not higher than 10 percent by weight, and then (b) 
subjecting the product to hydrogenolysis at a temperature of higher than 3500 C and not higher than 450° C in 
the presence of a catalyst comprising a metal of group VI A of the periodic table. 

"Smelting Process for Recovering Metals from Fine-Grained Non-Ferrous Metal Sulfide Ores or Concentrates," Wer-
ner Kepplinger, Erich Ottenschlager, Horst Sulzbacher - inventors, Voest-Alpine AG, United States Patent 
4,740,240, April 26, 1988. In the smelting process of recovering metal from non-ferrous metal oxide ores or 
concentrates and/or from fine-grained nonferrous metal sulfide ores or concentrates, particularly from non-ferrous 
heavy metal sulfide ores or concentrates, any sulfide ores are initially oxidized. The ores or concentrates are 
then supplied to a fluidized bed of coal in a melting gasifier (1). A certain particle size is maintained. Sul-
fide ores are supplied to a melting burner (2), which directs a flame jet Into the fluidized bed of coal. 

"Energetic Fluid Product and Its Application to the Supply of Combustible Matter to a Reaction Chamber," 
Gerard Antonini, Robert Wang - inventors, Creusot-Loire S.A., United States Patent 4,759,267, July 26, 1988. An 
energetic fluid product containing finely divided solid combustible matter suspended In at least one liquid phase 
and capable of being made to circulate In a line for supplying a treatment chamber, and a device for the 
preparation and a particular application of this product. The solid particles (13) are dispersed homogeneously 
within a stable foam produced by mixing a gas phase with the liquid phase to which stabilizing and emulsifying 
products have been added, and the liquid phase consists solely of fine film (12) connecting the solid particles 
(13) together and confining gas bubbles (11) which occupy the spaces between the solid particles (13). The in-
vention applies in particular to the supply of combustible matter to a combustion chamber or to a reactor for 
coal gasification. 

"Gasification of Fine-Grained or Sludgy Carbonaceous Material," Georg Beckmann, Bruno Hlllinger - inventors, 
Waagner Biro A.G., United States Patent 4,758,248, July 19, 1988. Method for gasifying carbonaceous flue-grained 
or sludgy material, such as powdered brown coal or biomass, in fixed bed reactors. Carbonaceous material to be 
gasified is preheated and dried, and mixed with coarse-grained, non-carbonaceous ballast material. This mixing is 
carried out prior to, during or after the preheating and drying of the carbonaceous material, to thereby obtain a 
preheated and dried mixture of the carbonaceous material and the ballast material, and to also obtain vapor 
from the preheating and drying of the same. The heated and dried mixture is contacted with a gasification 
medium within a fixed bed reactor, at a temperature sufficiently high to gasify the carbonaceous material. The 
gasification medium includes the vapor from the preheating and drying of the carbonaceous material. The ballast 
material provides sufficient gas permeability to the fine-grained or sludgy carbonaceous material, to permit 
gasification thereof In the fixed bed reactor, 

"Fluidizing Coal Tar Sludge," Kenneth D. Burnside, Daniel C. Deer, Ill - Inventors, United States Patent 4,758,246, 
July 19, 1988. A method and apparatus fluidizes solid deposits of coal tar sludge, such as coal tar decanter 
sludge or coal tar tank sludge to a relatively homogeneous mixture of solids dispersed in liquid. The coal tar 
decanter sludge received from the coke oven, including approximately 10 to 50 percent by weight coal and coke 
solids, is mixed with a suitable coal tar solvent heated to a temperature sufficient to partially solubilize and 
reduce the viscosity of the coal tar portion of the coal tar decanter sludge to provide a pumpable dispersion of 
solids dispersed in a diluted coal tar mixture. Agglomerates of coal and coke solids held together with coal tar 
are reduced in size and can be recirculated to a sludge mixing vessel. The diluted coal tar mixture Is pumped 
to recirculate it to the sludge mixing vessel after impacting and shearing the solid agglomerates to reduce the 
solids particle size. 

"Solid-Liquid Separation Process for Fine Particle Suspensions by an Electric and Ultrasonic Field," Harapanahalli 
S. Muralidhara, Bhupendra K. Parekh, Nagabhusan Senapati - Inventors, Battelle Memorial Institute, United States 
Patent 4,747,920, May 31, 1988. A method of separating a solid-liquid suspension (e.g. an aqueous coal suspen-
sion, a suspension of clay in oil) by concurrently subjecting the suspension of the action of a sonic or ultrasonic 
field and an electrical field so as to remove the liquid from the suspension. The suspension is moved into a 
solid liquid separation chamber between opposing electrodes one of which Is permeable to the liquid. The sonic 
or ultrasonic field is then applied to the suspension concurrently with the electrical field, at a frequency and 
amplitude adapted to cause the liquid to separate from the suspension particles. The concurrently applied 
electrical field between the electrodes causes the particles to migrate away from the permeable electrode and 
liquid to migrate toward the permeable electrode. The liquid is then removed through the permeable electrode. 
The method requires less energy to remove a unit of liquid, has a faster rate of liquid removal and achieves a 
lower liquid content than if only an electrical field or acoustical field were used separately or in sequence. 

"Control of Subsidence During Underground Gasification of Coal," Thomas S. Buxton, Bruce W. Gash - Inventors, 
Amoco Corporation, United States Patent 4,747,642, May 31, 1988. Disclosed is a process for controlling sub-
sidence during underground gasification of coal. Prior to the complete coal gasification step, holes are provided 
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extending from the bottom of the top of the coal seam and these holes filled with heat resistant support 
material. Thereafter, the complete gasification process Is carried out. 

"Process for Removing Impurities from Mixtures of Water with Water-Miscible Solvents," Artur Reischi - Inventor, 
Bayer AG, United States Patent 4,749,496, June 7, 1988. Mixtures of water with water-,nisctble solvent(s) con-
taining suspended, emulsified and/or colloidal impurities are purified by contacting the water-solvent mixture with 
an at least partially open celled foam containing 1-75 weight percent active pulverulent additives. The liquid 
and solid phases are then separated. The active pulverulent additives which may be incorporated into the foam 
by means of a binder or by incorporation in the reactants used to form the foam include active coals, brown 
coal dust, peat, iron oxides and brown coal coke dust. 

"Method for Producing Low and Medium Bill Gas from Coal," Christopher M. Francocur, Vaughn Mansfield - in-
ventors, Mansfield Carbon Products, United States Patent 4 1 749,383, June 7, 1988. Coal is transported through n 
hot carbonizing furnace chamber successfully on two endless traveling chain rates, the first of which is higher 
than the second and the second being run at a slower speed than the first so as to form a thicker bed than 
the coal on the first grate. Air is fed through the coal on the first rate in sub-stoichiometric amounts at low 
velocity so as to drive off the volatiles while air and steam are fed to the coal in the second grate in 
amounts sufficient to burn the coal. Gaseous byproducts are exhausted from the furnace chamber and ashes are 
discharged through a conventional take-off, 

"Process for Producing Synthesis Gas by Partial Oxidation of Coal-Water Suspensions," Ulrich Gerhardus, Josef Hib-
bel, Bernhard Lleder, Winfried Materne, Heinrich Scheve, Bernard Sehleper, Volkmar Schmidt - Inventors, 
Ruhrchemie AG, United States Patent 4,752,303, June 21, 1988. The present invention describes a process for 
producing synthesis gas by partial oxidation of carbon-containing particles suspended in water with oxygen at 
elevated pressures and temperatures of 1,0000 to 1,6000 C. Three substance streams are added separately but 
simultaneously to the reactor. The inner substance stream consists of oxygen or a mixture of oxygen and syn-
thesis gas. The middle substance strea'n forms a carbon-water suspension, and the outer substance stream 
carries oxygen or oxygen-containing gases. Due to the fact that these three substance streams intersect at an 
acute angle, an ideal distribution of the suspension with the gas streams Is achieved and an optimum reaction 
course is ensured. In order to be able to compensate requirement fluctuations during continuous operation, the 
outlet opening for the carbon-water suspension and the outer gas stream can be correspondingly adapted in a 
continuous and independent manlier. 

"Procedure for Hydrogenation of Coal by Means of Liquid Phase and Fixed-Bed Catalyst Hydrogenation," Frank 
Friedrich, Rather Loring, Bernd Strobel, Eckard Wolowski - inventors, Ruhrkohle AG, United States Patent 
4,741,822, May 3, 1988. Procedure for hydrogenation of coal by means of liquid phase and fixed-bed catalyst 
hydrogenation whereby the head products of the high-temperature separator are led directly, and together with 
the entire high-pressure circuit gas, over a reactor with a rigidly installed catalyst; are separated from the ex-
haust products of this reactor by partial condensation of the cycle oil required for producing the coal paste and 
withdrawn from an intermediate separator; and are led again, together with the entire high-pressure circuit gas, 
over an additional reactor with a fixed-bed catalyst. 

"Process for Producing a Clean Hydrocarbon Fuel from High Calcium Coal," James K. Kindig - Inventor, lVillin:ns 
Technologies Inc., United States Patent 4,753,033, June 28, 1988. A process for substantially reducing the amount 
of insoluble fluoride-forming species in a coal feed material comprising slurrying a coal feed with a fluoride acid 
In the presence of an amount of fluoride-conplexing species at least equal to the amount \ necessary to form 
tightly-bound complex ions with substantially all free-fluoride-ions in the slurry to produce a leached coal 
product and a spent leach liquor, and separating the leached coal product from the spent leach liquor. The 
process produces a clean purified fuel with ash content of less than about five percent, and preferably less than 
about one percent. Loss of fluorine values by formation of insoluble fluorides is minimized. Alkali metals and 
alkaline earths are substantially dissolved. The process generally comprises sizing the coal to 10 millimeters or 
less, leaching the sized coal with hydrofluoric acid in the presence of a determinable amount of a fluoride-
complexing species such as silicon or aluminum, separating the leached coal from the spent leach liquor, and op-
tionally some or all of the following: (a) pre-drying or physically beneficlating feed with high moisture or high 
mineral matter (ash) content; (b) cleaning the leached coal by washing and/or (e) heat treatment; (d) freeing 
pyrite (and other heavy minerals) and coal from attached silicates and aluminosilicates and physically separating 
the freed pyrite; (e) subjecting the leached coal to a second strong acid leach.	 In the preferred processes,
hydrofluoric acid is recovered for recycling. 

"Controlled Retracting Gasifying Agent Injection Point Process for UCG Sites," Pierre Ledent, Claus Sonntag - In-
ventors, Institution Pour Le Developpement Be La Gazeification Souterrain Be, United States Patent 4,754,811, July 
6, 1988, New controlled retracting gasifying agent injection point process for UCG sies. The process consists 
of a retraction of the gasifying agent injection point achieved by gradually plugging the tubing ends either by 
pneumatic injection of inert granulated material with a thermosetting binder, or by closing valves set at regular 
intervals inside the tubings.
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"A Method for the Production of a Carbon Fiber Precursor," Herbert Beneke, Wolfgang Fexer, Wolfgang Jaumann, 
Joachim Kempfert, Manfred Meinbreckse, Franz Oeste, Siegfried Peter - Inventors, Rutgerswerke AG, United 
States Patent 4,756,818, July 12, 1988. A method for the production of a carbon fiber precursor from coal tar 
pitch comprising extracting coal tar pitch at elevated temperatures and pressures with a mixture of a supercriti-
cal gas and an entraining agent to obtain a solution free of quinoline insoluble components, recovering from the 
solution by lowering the pressure and/or raising the temperature to obtain at least one fraction selected from 
the group consisting of quinoline soluble fraction and toluene-soluble fraction, treating the said fraction(s) at 
380 0 to 4500 C under a non-oxidizing atmosphere at atmosphere pressure until 40 to 65 percent by volume of 
the product Is converted into pitch containing mesophase, extracting the letter pitch with a mixture of super-
critical gas and an entraining agent to remove isotropic pitch and recovering isotropic pitch with a mesophase 
content of at least 75 percent by volume, a pyridine-insoluble matter content of 20 to 50 percent by weight, a 
mean molecular weight of 900 to 1,200 and a melting point of 330 0 to 360 0 C and th e isotropic pitch product 
produced therefrom and carbon fibers made from the isotropic pitch. 

"Device for Gasifying Coal," Klaus Knop, Helmut Kubiak, Gunter Wolters - Inventors, M A N Ghh, United States 
Patent 4,756,722, July 12, 1988. Part of the synthesis gas produced by coal gasification in an allotherrnically 
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 perform 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.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since June, 1998) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-is) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-1 process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtra-
tion which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ITSL) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic com-
pounds in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the catalyst. 

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. 

More recently, tests at Wilsonville 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 productivity through use of the coupled-reactor approach. This was confirmed in the latest test which used a truly 
coupled, two-stage thermal-catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based 
catalyst (AMOCAT 1-C) was developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was in-
creased 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 substan-
tially. 

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, additional 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. 

Recent results suggest 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 cast. However, additional 
efforts with regards to optimizing catalyst properties was indicated. 

Current work emphasizes identifying potential cast 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. 

Project Cost: Construction and operating costs (through calendar 1985): $97 million 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-li) 

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 1,60 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs 10's low pres-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

ABC 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 'DIESANOL' by 
AECI. 'DIESANOL' has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number of 

countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedslocks, co-production of am-
monia 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-

19)

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (10CC) 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 desulfurizalion and a hot-sulfur-removal polishing step consisting of a zinc ferrite sorbent bed. Particulates will be removed by 

a filter. 

The system, if demonstrated as proposed, would be highly efficient with heat rates around 7,800 BTU per kilowatt hour. Various 
sizes of commercial plants can be configured by using the 60 megawatt module that will be demonstrated. Other applications for 
the system are cogeneration and retrofit of combustion turbines and gas-fired combined cycles. 

DOE has agreed to provide cooperative funding for the project under its Clean Coal Technology Program. 

Kellogg, as the managing partner of the project, will design, engineer and procure the ocal gasification plant. Bechtel will construct 
it. Bechtel will also design, procure and construct the power island and supportive offsites. 

Project Cost: Not Disclosed 

BOTFROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT— Ruhrkohle AG, Veba Oct AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology of the Federal Republic of Germany (C-os) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raffinate oil were produced from 20,000 tons coal in more than 2000 operating 

hours. 

By this new mode of operation, the oil yield is increas3d to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 tIm 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 10 approximately 100 plant 
and the sulphur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

The development program of the Coat Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process was finished at the end of 1987. The plant capacity is not 9 Ions/hour of coal or alternatively 24 
tons/hour of heavy vacuum residual oil. The first "oil-in" took place at the end of January 1988. Since then approximately 22,000 
tons of heavy oil have been processed. A preliminary assessment showed a converstion rate over 90% and an oil yield of 85%. 

The project is subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle (C-690) 

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 carbon 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 design and construction of a 23 tons per day plant at the Point 
of Ayr site, near 1-tolywell in North Wales, financed by the British Coal with support from the European Economic Community. 
Limited private industry and British Department of Energy support is involved. Following a design phase carried out by Babcock 
Woodall-Duckham Ltd., construction started in 1986, with Simon Carves Ltd., being the Main Plant Contractor. 

Project Cost: 18 million British pounds (1986 prices) construction cost plus 18 million British pounds (1986 prices) operating costs. 

BRITISH COAL LOW BTU GASIFICATION PROJECT- British Coal (formerly National Coal Board) (C.700) 

British Coal is developing a spouted fluidized bed gasifier to produce a low BTU gas. When operated at atmospheric pressure the 
system is aimed at on-site generation of gas for industrial application. A pressurized version is intended for use in a combined 
cycle power generation system where it would be used in conjunction with a fluidized bed combustor. Work is currently centering 
on developing the gasifier for the industrial gas market and the technology is licensed to Otto-Simon Carves. A 12 ton per day 
demonstration plant financed by British Coal and the European Community is being tested. The initial program was completed 
early in 1987. A further two year program supported by the EEC will be completed in 1989. Further assessment of the use of the 
gasifier in a combined cycle power generation system is now being undertaken prior to a decision to embark on pilot scale testing. 

Project Cost: Not disclosed 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-75) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 kg slurry per hour, with a coal to oil ratio of 40:60, and employs reaction condi-
tions of residence time ca 30 minutes, H2 pressure ca 25 MPa, and temperature ca 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allowsfor use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35% and 55% 
daf coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cm 3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis has 
been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (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 b y smoke point and cetane number for example, have been achieved via 

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. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) adminis-
tered by the Australian Federal Government. 

Project Cost: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-340) 

A program is under way on mild gasification of coal to heavy oils, tars and chats under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide Range of temperature (500 to 750 degrees C), coal particle residence time (10 sec to 
50 mm), heatup rate (50 degrees C/sec to 10' 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-

coal. 

Project Cost: $200,000 

CAN DO PROJECT - Continental Energy Associates (C-85) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility is currently being converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the 
original facility and in new gasifiers will be used to fuel turbines to produce electricity. The electricity will be purchased by the Pen-
nsylvania Power & Light Company over a 20 years period. Steam will also be produced which will be available to industries within 
Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

The new facility will be operated by Continental Energy Associates 

Project Cost: $100 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Company (C-90) 

In April 1977, Caterpillar announced plans to construct two, two-stage coal gasifiers at its York, Pennsylvania plant to fuel heat 
treating furnaces. Gas with a heating value equivalent to about 2,2 million standard cubic feet per day of natural gas could be 
produced. The plant is a two-stage, low-pressure system complete with gas cleanup. Plant construction began in September 1977. 
Construction of a gasifier for the East Peoria, Illinois, plant has been deferred indefinitely although the York installation is success-
ful. Plant was completed June 1979, with start-up for debugging in September 1979. Due to an eleven-week strike in the last 
quarter of 1979 and some minor equipment changes that had to be made, debugging was not resumed until May 1980- Tests have 
been run on existing radiant tubes using producer gas with no adverse effect. The system operated from February 1981, until the 
July vacation shut-down. After vacation, the system was started up but later shut down in September 1982 due to reduced produc-
tion schedules. Start-up date is not firm; depends on the price of natural gas and Caterpillar's production schedules. 

Project Cost: $540 million. 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-iSO) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continued to 
operate its chemicals from coal complex at design rates in 1987. The Texaco coal gasification process is used to produce the syn-
thesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced as 
intermediate chemicals, and sulfur is recovered and sold. 

Project Cost: Unavailable

SYNTHETIC FUELS REPORT, SEPTEMBER 1988 
4-55



STATUS OF COAL PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

COALPLEX PROJECT - M3CI (C-190) 

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 

COGA-1 PROJECT - Coal Gasification, Inc. (0195) 

The COGA-1 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 produce500,000 tons of ammonia and 5W,000 tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (IGD. When completed, the COGA-1 plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James R. Thompson announced a $26 million state and local incentive package for COGA-1 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 - Carbocol (C-199) 

The Colombian state coal company, C.arbocol plans for a coal gasification plant in the town of Amaga in the mountainous inland 
department of Antioquia. 

Japan Consulting Institute is working on a feasibility study on the gasification plant and current plans are to build a US$10 to 20 
million pilot plant initially. This plant would produce what Carbocol calls 'a clean gas fuel' for certain big industries in Antioquia 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the early 1990s to produce urea if financing is found. 

Project Cost: $20 million initial 
$200 million eventual 

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-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasif
i
cation plant using the oxygen-blown Texaco Coal Gasifica-

tion Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General Electric com-
bined cycle unit to produce approximately 120 megawatts of gross power. The California Energy Commission approved the state 
environmental permit in December 1979 and construction began in December 1981. Plant construction which took only 2.5 years, 
was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A five-year 
demonstration period is underway. Once the first stage (demonstration) of the program is completed in June 1989, Southern 
California Edison has the option to undertake commercial operation of the facility if the economics are favorable and permits for 
continued operations are received. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their current commitment is $69 million. Bechtel Power Corporation was selected as the prime 
engineering and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 
million to the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 mil-
lion 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 CGP Corporation and IHI Coal Gasification Project 
Corp. signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alter-
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COMMERCIAL AND R&D PROJECTS (Continued) 

nate 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 fund-
ing. 

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 SIC'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 Sit because it did not pass the "credit elsewhere" test (the SFC 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the SEC's second solicitation which ended June 1, 1982. On September 17, 1982, the SEC 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 K 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 03 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 up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through April 1988 the gasifier has been on-line for more than 21,900 hours, gasifying over 900,000 tons of coal (dry basis). Ap-
proximately 2.2 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 0.001 pounds per million BTU. These emissions average about 10-20 010 of the allowables 
under the United States Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

Project Cost: ' $263 million 

COREX IRON MAKING PROCESS - Korf Engineering (C-543) 

The Core; 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 on 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. 

A similar plant is under construction for Iscor in South Africa. Commissioning of this plant is planned for early 1988 

Project Cost: Not disclosed

- 
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CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (0503) 

Japan's CRIB?! (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 10CC (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 feed 
system has been developed and successfully operated. This gasifier has been determined to be employed as the prototype of the 
national 200 tons per day pilot plant. The hot gas cleanup system process development unit (PDU) which employs a porous filter 
for dust removal and an iron oxide honeycomb fixed bed for desulfurization was constructed and has been successfully operated. 

Research and development on a 200 tons per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be completed in 1993. 

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (MITI) and New Energy Development Organization (NEDO). They evaluated eight systems combining dif-
ferent methods of coal feed (thy/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tem, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot-
gas cleanup systems. 

CRIEPI constructed, in 1983, a coal gasification process development unit with a capacity of 2.4 tons per day coal using air-blown 
pressurized two-stage entrained-flow method, and since then has been promoting research and development jointly with Mitsubishi 
Heavy Industries, Ltd. 

As of late 1987, the gasifier had been operated for 1200 hours, and tested on 13 different coals. 

For the project to build a 200 tons per day entrained-flow coal gasification combined cycle pilot plant, the electric utilities have or-
ganized the Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IGC)' with 10 
major electric power companies and CRIEFI to carry out this project supported by the Ministry of International Trade and In-
dustry and the New Energy Development Organization. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction will start in 1988. The air-
blown pressurized two-stage entrained-flow gasifier using the thy coal feed system will be constructed with tests to begin in 1989. 
Tests of hot gas cleanup with a high temperature gas turbine having a gas temperature at the combustor outlet of 1,300 degrees C 
will begin in 1990. 

Project Cost: 53 million yen 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-245) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 90 percent of capacity. As of April 
1988 the project has completed 3216 hours on coal. It has produced 2873 billion Btu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 2729 hours. 

Al full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium BTU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-i acid gas removal system and Selectox sulfur conversion unit are also used at the Plaquemine, Louisiana, plant. 
Oxygen is supplied by Air Products. 

Construction of the plant was completed in first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of 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
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DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con-
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. Planning for the project is in an advanced posi-
tion. $20 million has been spent, and 12 years have been invested in site and feasibility studies. After thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation released the final Environmental Statement on February 26, 1988. The Federal Water Service Contract is expected to 
be approved in 1990. Operation of Phase I of the project is scheduled to begin in j. 

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 carbon dioxide per day from 40,000 tons of lignite 
(Bculah.Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced. 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output. Access to western markets for methanol through a new dedicated pipeline to Bellingham, 
Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1992 and mechanical construction beginning in 1993 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1996. Construction  of the remainder of the facility is scheduled to begin in 122 and to 
be in commercial operation in J . This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, slate, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost: 	 $2.2 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

FULARII LOW BTU GASIFIER - The M. W. Kellogg Company and the Ministry of Machine Building Industry of the People's 
Republic of China (C-375) 

Kellogg's KRW gasification process has been selected by the Ministry of Machine Building Industry in the People's Republic of 
China, for application at their First Heavy Machinery Works located in Fularji, Heilongjiang Province. The gasifier will utilize a lo-
cal lignite coal to produce a medium heating value industrial fuel gas for use at this plant. 

The First Heavy Machinery Works is the largest heavy machinery plant in Asia. The initial plant was designed and built in the 
mid-1950s and has been expanded several times. Currently the plant employs approximately 17,000 people. 

The Fulaiji plant utilizes a large quantity of fuel gas, primarily for their foundry, heat treating furnaces, etc. A series of 25 Russian 
designed fixed bed gasifiers has been built. 
In March 1986, a contract was signed by Kellogg and the Ministry of Machine Building Industry to construct a KRW gasifier at the 
Fularji First Heavy Machinery Works. Once proven, additional fluidized bed gasifiers will be installed to replace all of the existing 
fixed bed gasifiers at the Fularji plant.

- 
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The project is envisioned to proceed in two phases. During Phase I, a single test gasifier will be installed to finalize design 
parameters at Full scale and to verify Chinese equipment supply. Phase II would include the installation of additional gasifiers and 
other auxiliary facilities (waste water treatment, etc.). The project is currently in the detailed engineering and procurement phase 
with completion of construction in 1988. This early date will be the first commercial scale operation of Kellogg's KRW gasifier. 

The split of responsibility for Phase! is as follows: 

Kellogg has completed all basic engineering services including process design and analytical engineering, with detailed design 
of the gasifier to permit fabrication and construction by the First Heavy Machinery Works. Kellogg is also providing special-
ized components of the gasifier and instrumentation not available in China and advisory services during construction, startup, 
and testing. 

The First Heavy Machinery Works will complete the detailed design of Phase I (except the gasifier) and will fabricate or 
supply and erect all equipment. The First Heavy Machinery Works will also provide all necessary operating and maintenance 
manpower and materials necessary for startup and test operations. 

Each KRW gasifier at Fulaiji will produce 140 million BTU per hour of fuel gas with a lower heating value of 144 BTU per stan-
dard cubic foot. A single gasifier operating at a pressure of 300 psig, will produce the fuel gas required for Phase I. 

Project Cat: Not disclosed 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GfK Gesellschaft fur Kohleverfiussigung MbH (C400) 

Until 1984 GfK Gesellschaft fur Kohleverfiussigung MbH, a subsidiary of Saarbergwerke AG, has dealt with the single stage, severe 
hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. Furthermore only expensive low 
ash-coals can be processed. 

For this reason since 1984 CIX has conceived a unique process called PYROSOL which can produce liquid fuels at a coal price of 
SCSI per gigajoule competitive to crude oil of $30 per barrel. The PYROSOL process is two-stage, comprising a mild hydrogena-
tion in the first stage followed by pyrolysis of the residue in a second stage. 

At present, activities are directed toward a data base to design a pyrotizer for the 6 tonnes per day liquefaction unit. Data to plan a 
large demonstration plant are expected to be available by the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - United States Department of Energy (C420) 

Initial design work on a coat 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 feel per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of the 
partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the 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 
23 percent from Transco. 

Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification plant, 
Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate natural gas 
system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The project spon-
sors were generally committed to providing one dollar of funding for each three dollars received under the loan guarantee up to a 
maximum of $740 million of equity funds.
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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 14,000 tons per day of North Dakota lignite is required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been operating the plant 
under a contract with the ANG Coal Gasification Company. The plant has successfully operated throughout this period and 
earned revenues in excess of operating costs. During 1987, the plant produced an average of 141.3 MMSCF per calendar day, which 
is 103% of design capacity. The gas is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States. 

In parallel with the above events, DOE/DOJ filed suit in the United States District Court in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court found: 

That state law is not applicable and that plaintiffs (DOE/DOJ) am 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/DOD for the difference between the contract price and 
the market value price and granted the motion for summary judgment determining the validity of the gas purchase contract. 
The pipeline companies have paid all past due amounts. This decision was upheld by the United States Court of Appeals for 
the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. In Au gust, 1988 it 
was announced the Basin Electric Power cooperative had submitted the winnins bid. 

Project Cost: $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX - Nitrogenous Fertilizers Industry SA (AEVAL) (C-430) 

AEVAL, a Greek state-owned company, is planning to replace its lignite gasification and ammonia plants at its existing fertilizer 
complex, near Ptolemais, Greece. 

Following a 5,000 tonne full-male industrial test of Greek xylitic type lignite conducted by TECHNOEXPORT, a Czech state-
owned company, at an existing gasification plant near Usti Czechoslovakia, TECI-INOEXPORT has submitted an offer for the gas 
production part of the complex. The technology offered is a fixed-bed gasification technology. 

AEVAL engaged Lummus Crest Inc. (USA) as a technical and economic consultant in order to conduct a detailed feasibility study 
and evaluate the TECHNOEXPORT proposal. After the completion of the feasibility study, AEVAL has decided to proceed with 
the project on the condition that a financial grant will be obtained under Greece's investment incentive laws and has applied to the 

competent authorities for its approval. 

The final processing scheme selected would produce 380,000 metric tons per year of ammonia of which about 70,0 metric tons 
per year would be sold to a nearby customer and the remaining would be used in the existing fertilizer facilities and in a new 
1,000 metric tons per day urea plant. 

Project Cost: $480 million 

HUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COT) Gmbll, a joint venture of Deutsche 
Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C472) 

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 [lows 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. 
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The overall program for the development of the COT process consists of three stages. Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction and 
operation of a 4 tons per hour operating system. Step 3—Demonstration of the process at commercial scale. For the component 
test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were 
erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage COT gasification process. The process 
design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour pilot plant were erected at the site of the 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 

IIYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) (C-504) 

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. 

The key technology of this gasification process is a two-step spiral flow system. In this sytem, coal travels along with the spiral flow 
from the upper part towards the bottom because the four burner nozzles of each stage are equipped in a tangential direction to 
each other and generate a 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/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

- Coal processing capacity 	 20 ton per day 
- Pressure	 1.0 MPa 
- Temperature	 1,500 to 1,800 degrees C 
- Oxidant	 Oxygen 
- Coal Feed	 Dry 
- Slag Discharge	 Slag Lock Hopper 
- Refractory Lining	 Water-cooled slag coating 

The execution of this project is being carried out by the Research Association for Hydrogen from Coal Process Development, a 
joint undertaking by nine private companies, and is organized by NEDO. Additional researches are also being conducted by 
several private companies to support research and development at the pilot plant. 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) (C-SOS) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 250 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 250 tons per day pilot plant. 
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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. 

Project Cost: 100 billion yen, not including the three existing PDU 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C-495) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at KATEK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. Start up of the unit was originally planned for 1984, but has been postponed to 1985 due to equipment 
design and delivery delays. Preliminary tests indicate that five tons of Kanslc-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 test unit will have a capacity of 175 tons of coal per hour. The process will produce coke, tar, and combustible gases. 
Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. However, 
a facility to convert the coal tar into 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 Belkovskaya 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 Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C.518) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel process, 
low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pres-
sure of 800 psi. The process produces a pelletized coal, and by-product water and fuel gas. K-Fuel pellets contain 60 percent more 
energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas from the process is util-
ized on site to provide the needed heat for the process. The proposed facility will utilize 4 modules each capable of producing 
350,000 tons per year of K-Fuel. Wisconsin Power and light has agreed to a 10-year purchase agreement for "a substantial portion" 
of the output of the plant. The K-Fuel will be tested at Wisconsin Power and Light's Rock River generating station near Beloit in 
south-central Wisconsin. For the test Wisconsin Power and light will purchase the fuel at the cost of production, which has yet to 
be determined but is estimated to be over $30 per ton. If the test is successful, Wisconsin Power and Light has the option to invest 
in the process. The project has been delayed in obtaining long-term financing, but plans to resume construction in late 1987. 

Wisconsin Power and light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Project Cost: $90 Million 

KILnOAS PROJECT - Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, United States Department of Energy, Electric Utility 
participants are: Central Illinois Light Company, Electric Power Research Institute, Illinois Power Company, Monongahela Power Com-
pany, Ohio Edison Company, The Potomac Edison Company, Union Electric Company, West Penn Power Company (C-520) 

The KILnGAS process is based on Allis-Chalmer's extensive commercial experience in rotary kiln, high temperature minerals 
processing. A 600 tons per day KILnGAS Commercial Module (KCM) has been installed near East Alton, Illinois adjacent to Il-
linois Power's Wood River Power Station. The plant provides low-BTU (160 BTU per standard cubic foot) gas to the Wood River 
station. Gilbert/Commonwealth Associates, Inc., was the architect-engineer. Construction management was provided by LA. Jones 
Construction. Scientific Design contributed to the process design.
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The KCM includes a pressurized gasifier which is a 170 foot long by 12 foot diameer rotary kiln. Coal, transported through the 
gasifier by inclination and rotation of the kiln, is progressively dried, pre-heated, and devolatilized by counterilowing hot gases. Air 
and steam is injected through a unique system of ports located along the length of the gasifier and reacts chemically with carbon in 
the hot coal to form hydrogen and carbon monoxide, the primary combustibles in low-BTU gas. The gas, which leaves by both the 
feed and discharge end of the gasifier, is cooled and passed through a sulfur removal process. Particulates and tars, which are rich 
in carbon, are separated from the gas and recycled to the gasifier to improve carbon conversion efficiency. 

The objectives of the KILnGAS program are: (1) demonstrate system performance in a utility environment; (2) obtain data to con. 
firm process design; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) establish a data base to 
proceed with design of commercial plants in the 2,000 to 5,000 tons per day range. The KCM, for which construction was com-
pleted in mid-1983, is used to support these objectives. 

Spanning a period from mid-1983 through late 1985, the KCM underwent performance testing, demonstration runs. In 1986 the 
first phase of a Reliability, Availability, and Maintainability Program, (RAM I) was launched. This program is continuing with 
utility and DOE financial support. The more significant accomplishments to date are: (a) high-sulfur Illinois coal has been success-
fully gasified; (b) an Illinois Power Company boiler has been successfully fired from KCM-generated gas; (c) carbon conversion ef-
ficiencies exceeding 90 percent have been achieved; (d) an average of 90 percent total sulfur removal has been accomplished; (e) a 
wide range of performance, reliability, availability and maintainability improvements has been designed, installed, commissioned; 
(f) excellent winter startup and cold weather operating experience under RAM I has been gained for commercial design use. 

Economic studies extrapolating experience to 400 NW 10CC plants show performance potnetials in the 8,000 Btu/kW-hr range 
with "base plant' capital costs near $1,000 per kW. Significant advantages are believed to be gained from being able to operate on 
gas turbine bleed air rather than having to employ pure oxygen from a captive oxygen plant. 

Total fundings for the program through RAM lIE is shown below. 
Electrical Utility	 $46.0 million 
State of Illinois	 35.8 million 
Allis-Chalmers	 114.4 million
United States Department of Energy 17.7 million 
EPRI (testing only) 	 5.8 million 

Total	 $219.7 million 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERA-
TION -The M.W. Kellogg Co., United States Department of Energy, and Westinghouse Electric (C-980) 

In April 1984 Westinghouse sold its coal gasification technology to Kello gg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. l'he major activities of KRW Ener gy Systems 
has been to com plete development of a fluidized bed coal gasification technolo gy and to develop a commercial demonstration 
proiect. 

The maior 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 hours of hot operation utilizin g a broad 
range of coals. These coals include hi gh caking Eastern bituminous, Western bituminous, and lignites with hi gh and low ash con-
tents and hi gh and low moisture contents. 

The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees P and pressures between 130 psig and 230 psig, with air feed 
to produce low-BTU gas and oxygen feed to produce medium-ETU gas. Pilot plant coal capacity ranges between 20 and 35 tons 
per day, depending on coal type. 

Commercial scale process performance systems studies show the KRW hot gas combined c ycle 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 modularit y of design which provides much plannin g and construction flexibility. 

Project Cost: Not disclosed
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LkPORTh LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Diem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-550) 

Air Products is testing a  tons per day PDU located near LaForte, Texas. The unit is being run as part of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In the process, 
synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. The oil 
acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more 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 ofthat produced by advanced coal gasifiers- During the run, the plant achieved a production rate of up to  tons per day 
with a total production of 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. 

A 10-day test in July 1985 was conducted at higher catalyst concentrations (35 to 45 weight percent). The unit was operated with 
balanced gas for I day, and carbon monoxide-rich gas for 9 days. The PDU demonstrated excellent operability with 100 percent 
on-stream reliability, but catalyst activity maintenance was somewhat lower than laboratory predictions. 

Additional laboratory research is currently underway, while operation of the unit is expected to begin again in 1988. 

The next step is scale-up to a larger unit. TVA's facility at Muscle Shoals, Alabama, where actual synthesis gas from a Texaco 
gasifier could be used, is a potential host site, 

Project Cost: 	 DOE: $25.6 million 
Private participants: $3.8 million 

LFC COAL LIQUEFACTION/COGENERATION PLAN!' - SQL International (C-557) 

SGL International is developing a 35 megawatt electric cogeneration and coal liquids production facility to be located near Colstrip, 
Montana. This facility is designed to utilize the Liquids from Coal (LFC) process, developed by SQl International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LFC process equipment in one cogenerating system. 

According to the developers, SQL's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-an 
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. 
SQl 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. Site work is scheduled to commence in the spring of 1988 with the entire facility complete by late-1989. Once 
in full operation, the facility will employ a staff of 35 to 40. 

Project Cat: See above 

LIBIAZ COAL-TO-METHANOL PROJECT - Krupp Koppers and KOPEX (C-SoS) 

Erection of a coal gasification project in Poland is to resume in 1988. The plant is to be built by Krupp Koppers at Libiaz in 
southern Poland. Equipment for the plant has been stored at Libiaz for several years. The project, which began in 1980, has been 
stalled due to 'political difficulties' in Poland. 

The Libiaz project will reportedly use approximately 1 million metric tons per year of high sulfur coal. Synthesis gas produced by 
the Koppers-Totzek (1(T) technology will be utilized to produce methanol. 

Project Cost: Not disclosed
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LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - Kill) Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-580) 

KIlD and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasifica-
tion presses independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant will be designed for operation at pressures up to S atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C. Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed 

LU NAN AMMONIA-FROM-COAL raoma - China National Technical Import Corporation (C-587) 

The China National Technical Import Corporation awarded a contract to Bechtel For consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in September, 1989, the Lu 
Nan modification will replace an obsolete coal gasification facility with the morn efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - United Coal Company and United States Department of Energy 
(C-622) 

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 I 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/coat 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 

MONASIl HYDROLIQUEFACTION PROJECT - BP United Kingdom Ltd. and Monash University (C-665) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into hydroliquefaction of Victorian brown coal. Both batch autoclave studies and continuous hydrogenation in a 
bubble column and a stirred tank reactor are being conducted.
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B? United Kingdom Ltd. is continuing to fund for an additional two 
years a collaborative research project with Monash University 

on brown coal conversion using synthesis gas. Substantial funding for the continuous flow research has been provided by the 
Australian Government's National Energy Research, Development and Demonstration Council. The batch autoclave work has 
been largely supported by the Victorian Drown Coal Council. 

Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solutions shows enhanced 
activity for hydrogenation in tetralin compared with untreated coal. The Moaash studies show that a mixed metal catalyst system, 
which is predominantly iron-based with trace amounts of tin, displays a significant synergistic effect when compared with 
hydrogenation results for experiments using only iron- or tin-based catalysts of comparable metal concentrations to the mixed 
metal system. Mossbauer studies are helping to understand the role of iron and tin in the early stages of reaction. Other mixed 
metal systems, some with an iron base, are also showing good catalytic activity. The studies have now been extended to the use of 
coal-derived solvents rather than tetralin. 

The continuous bench-scale bubble-column and stirred tank reactor facility has been successfully operated at ito 2 liters per hour 
of coal slurry using tetralin as the vehicle solvent in the presence of hydrogen gas. This unit is providing data on the effects of tem-
perature, residence time, and catalytic treatment on coal conversion and product yields, together with providing reasonable quan-
tities of products for further studies. Coupling of the two reactors in series has been achieved and conversion studies began in 
coal-derived solvents other than tetralin. Mathematical modelling of the process has also proved successful. 

Project Cost: $1.8 million (Australian) since commencement 

MOUNTAIN FUEL COAL GASIFICATION PROCESS - Ford, Bacon & Davis; Mountain Fuel Resources, Inc.; United States 
Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high temperature, oxygen 
blown, entrained flow gasifier. The gasifier operates at slagging temperatures (about 2,800 degrees F), and 300 psig. The plant 
produces 2 million cubic feet per day of 300 Dli.) gas. Both radiant and convective heat exchangers are used to recover heat from 
the process. 

An $8.9 million, 52 month cat-sharing contract was awarded. Construction was completed in October and start-up tests started in 
November 1982. The unit has been running on coal since February 1983, conducting component and process evaluation tests. Coal 
variation tests, sustained operation tests, and all experimental works were completed in November 1984. The project was com-
pleted and the final report issued to DOE in April 1986. 

Project Cat: $8.9 million 

NATIONAL SYNF'UELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (C-705) 

The NSI gasifier has been installed at Elgin Butler Brick Company's brick making plant in Elgin, Texas. Production of 30 million 
BTU per hour low-BTU gas is expected from lignite feedstock. NSI technology uses a multi-stage gasifying process, physically 
segregating steps for fuels drying/devolatilization, char gasification, and thermally cracking pyrolysis tars and oils. The gasifier was 
to start up during April 1984, with full operation anticipated by year end. However, a number of mechanical problems prevented 
full startup in 1984. Recent tests and operation indicate 150 BTU per standard cubic feet gas can be available. Further develop-
ment is still in progress. 

Project Cost: $2 million 

NEW MEXICO COAl. PYROLYSIS PROJECT - Energy Transition Corporation (C-ho) 

Energy Transition Corporation (ETCO) has proposed a coal pyrolysis project to be built in northwest New Mexico. The proposed 
plant would use Union Carbide's hydrocarbonization pyrolysis process to convert 20,000 tons per day of coal into crude oil and 
char. Coal for the project would be supplied by Utah International's Navajo Mine, and product char would be used at nearby 
electric power generation plants. A study conducted by ETCO for the New Mexico Energy Research and Development Institute 
indicated the plant would achieve a favorable economic return at $2830 per barrel for product oil and $1.25 per million BTU for 
coal/char. 

Tests using the Navajo coal were conducted in a modified synthane PDU operating at hydrocarbonization conditions at DOE's Pit-
tsburgh Energy Technology Center during January 1985. EFCO is seeking additional equity partners for the project. 

Project Cost: $770 million

SYFmIEflC FUELS REPORT, SEPTEMBER 1988 
4-67



STATUS OF COAL PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-754) 

A group of Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce synthesis gas For ammonia production. Initially, the facility will 
produce 250,000 to 350,000 tonnes of ammonia per year, hot water for the Southern Stockholm district healing system, and in-
dustrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. In 
the wintertime part of the gas will be used for power generation. The plant is scheduled to go on stream in 1991. 

Participants in the project are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank. 

The Investment Bank, AGA, and Johnson are equal partners in a new company, Nynas Kombinate AB, which will own 100 percent 
of NEX. AGA will build on their own the air separation plant for the Facility. 

Project Cost: US$500 million 

01110-1 COAL CONVERSION PROJECT -Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-756) 

Energy Adaptors Corporation, Hocchst-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 art expected. The raw gas, 
cleaned of particulate matter, is processed in the synthesis section. 

Construction is scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

This plant has been estimated to cost $260 million. 

Project Cost: $260 million 

OHIO ONTARIO CO-PROCESSING PROJECT - Ohio Ontario Clean Fuels Inc., Stone and Webster Engineering Corp., HRI Inc., 
Ohio Coal Development Office, and United States Department of Energy (C-253) 

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 
I-flU, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
simultaneously converted to clean distillate fuels. A 'typical (34-975 degrees F distillate fuel will contain 0.1 percent sulfur and 
0.2 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant is slated for 1990. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program and negotiations have been com-
pleted with DOE and Ohio. 

Project Cost: $2173 million 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (KK) (C-798) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of OK'!' 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 ICIC's pressurized version of the Koppers-Totzek (ICI) 
entrained 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 BV and KK for a cooperation in the development of the pressurized version of the KT 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
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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. The plant is located at 
Fuerstenhausen, West Germany. Simultaneously with the pilot lest program, the design and engineering of a demonstration plant 
with a capacity (coal feed rate) of 1,000 tons per day will be carried out. The engineering of the 1,000 tons per day gasifier module 
("ready for construction") is expected to be completed in 1988. 

Project Cost: Not disclosed 

RIIEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rhcinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-803) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

On the basis of preliminary tests in a bench scale plant at Aachen Technical University near Cologne, the sponsors commissioned a 
pilot plant in July 1978 at the Wachtberg plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 
1.3 tons per hour dry lignite. By end of June 1985 the test program was finished and the plant was shut down. From 1978 until 
June 1985 about 21,000 tormes of dried brown coal were processed in about 38,00D hours of operation. The specific synthesis gas 
yield reached 1,580 standard cubic meters per tonne of brown coal, MAP, corresponding to 96 percent of the thermodynamically 
calculated value. At feed rates of about 1,800 kilograms per hour coal, the synthesis gas output of morn than 7,700 standard cubic 
meters per hour per square meter of gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

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 Rbeinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union KraftstofT subsidiary for methanol production testing 

Studies for further development of the 1-ITW 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 6.5 tons per hour is planned on the site of the 
former pilot plant of hydrogasilication. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction will begin in 1988, with completion in mid-1989. 

Project Cost: Undisclosed 

SASOL - Sasol Limited (C-820) 

Sasot Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The Synthol oil-from-coal process was developed by Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two 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, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Symbol process. 

The products of Sasot Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, and ammonia for the group's Fertilizer and Explosives Divisions. 
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Sasol's Mining Com pany manages the six Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the five Secunda Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cost': SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

'At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C.822) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Gulf Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. The plant start-up could be 
in 1989/1990. Additional funding of $750,000 requested from the Oil Substitution Fund (a fund jointly administered by the 
Canadian Federal Government and the Provincial Government of Nova Scotia) to evaluate two-stage process options was an-
nounced by the Nova Scotia government on October 3, 1984. 
A contract was completed with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). 

Feasibility report has been completed. Financeability options are being discussed with governments concerned and other parties 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 13,ODO barrels per day and has reached agreement in principle to purchase the Point Tupper site from Ultramar Canada Inc. 
Recent developments in co-processing technology have reduced the capital cost estimates to under $C500 million. 

Project Cost:	 Approximately $4 million for the feasibility study 
Approximately US$250 million for the plant 

SCRUBGRASS - Scrubgrass Associates (C-825) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GET 
entrained-flow coal gasification, IC! methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SEC 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. 

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. Financial closing is anticipated in mid-1987. 

Project Cost: See above 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-840) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coats and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours.
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COMMERCIAL AND R&D PROJECTS (Continued) 

A 150 tons per day prototype plant has been operating at the German Shell l-Iamburg/1-Iaiburg 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 an 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-treatcr 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. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation ((>850) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a throughput of 350 tons per day.) The plant has been successfully operated since that date on a wide 
range of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable propor-
tion of 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 complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully. 

A new phase started in November 1984, is the demonstration of a 550 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 8 feet. Within this demonstration program a three month run will be carried out in 1988 to demonstrate gasifier 
operability, gas purification, and methanation to make SNO. It is also planned to carry out a number of tests for EPR1 and the 
Gas Research Institute. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine to generate 
power for the grid. The turbine will be supplied with product gas from the plant. It has a combustor temperature of 1,960 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. 

In addition to the current 550 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 70 atmospheres is being constructed. It is designed for a throughput of 200 tons per day. Completion of construc-
tion is expected in mid 1988. The unit is to be used to study the effect of pressure on methane production and gasifier perfor-
mance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-Sos) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppers. Heads of Agreement have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun HTW gasifier 

SYWflIEflC FUELS REPORT, SEPTEMBER 1988 
4-71



STATUS OF COAL PROJECTS (Underline denotes changes since June 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRO, in August 1985. Testing Ilowrnans coal in 
the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, FRG has been completed and final reports on the tests are due 
by July, 1987, when a review of the project will be undertaken and directions for ongoing development determined. 

Project Cost: DM 7.5 million 

SYNTHESEGASANLAGE RUHR (SAlt) - Ruhrkohle Oct and Gas GmbH Ruhrchemie AG (C-869) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthescgasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-1-lolten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. Approximately 165,000 tons of German hard coal have been gasified up to April, 1988 to 
produce480 million cubic meters of synthesis gas and 80 million cubic meters of hydrogen. The investment is subsidized by the 
Federal Minister of Economics of the Federal Republic of Germany. The Minister of Economics, Small Business and Technology 
of the State of North-Rhine Westphalia participates in the coal costs. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C490) 

The commercial status of the Texaco Coal Gasification Process has been a result of extensive development at Texaco's facility in 
Montebello, California since the 1973 oil embargo. During this period, Texaco spent more than $8 million to expand and improve 
its existing gasification facilities at Montebello. There are now two complete gasifier trains, each capable of processing more than 
20 tons per day coal, at pressures ranging from 300 to 1,200 psig, in either the quench or gas cooler modes of operation. 

Texaco's development activities were complemented during the 1978 to 1985 period by operations at three licensed demonstration 
plants. These plants are owned by Ruhrkohle AG/Ruhrchemie AG, and Tennessee Valley Authority, and are located in 
Oberhausen—Holten in the Federal Republic of Germany, and Muscle Shoals, Alabama, respectively. 

The Texaco Coal Gasification Process is currently 34 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 Coat Gasification Process include the 900 tons per day Tennessee Eastman plant which manufactures 
methanol and acetic anhydride, the 1,000 tons per day Cool Water plant which manufactures electricity, the 1,650 tons per day 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 Coat Gasification Plant in China to manufacture ammonia, and the 1,100 tons per day Shoudu Coal Gasification Plant in 
Beijing, China. Many United States utilities 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 proiects usine 

Project Cost: Not applicable 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corporation (C-900) 

TOSCO has completed development in 1983 of an atmospheric, low-temperature (800-970 degrees F) coal pyrolysis system, named 
the TOSCOAL Process, at their 25 tons per day pilot plant facilities, located near Golden, Colorado. The TOSCOAL Process is an 
adaptation of the TOSCO II oil shale retorting process to coal carbonization. The process products are char for power plant con- 
sumption, high-BTU gas, and oil. The process selectively reduces the volatile matter of the parent coal to any desired level in the 
char, usually 10 to 18 weight percent. Combustion and reactivity tests were performed on chars produced from three bituminous 
coals. Test results showed that the chars made from these coals had reactivity comparable to the parent coal. Pilot plant combus-
tion tests showed that boiler slagging and scaling characteristics were similar to the parent coal. One oil was hydrotreated to 
produce a 24.4 degrees API syncrude product containing 0.04 weight percent sulfur, 035 weight percent nitrogen, and 1.78 weight 
percent oxygen. Process evaluations show that a plant designed to process nominally 10,000 tons per day of coal will produce as 
major products 7,800 tons of readily combustible char, 11,500 barrels of hydrotreated oil, 310 barrels of vacuum residual as well as 
fuel gas. Economic analyses indicate that, relative to coal liquefaction technologies, the capital cost per daily barrel of product 
from the TOSCOAL Process is substantially less. 

Project Cost: Undetermined
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WA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 

The TVA is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located at Muscle Shoals, 
Alabama. A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons per day ammonia plant. Plant 
construction was completed in mid-1980. Capital costs total $46 million. Brown and Root of Houston held the $25.6 million 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 TVA. The coal gasifier can provide 60 percent of the gas feed 
to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural gas, if desired. The initial 
feed to the coal gasifier was Illinois No. 6 seam coal. 

The gasifier was dedicated and started up at the WA'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 19&5 after operating for 3,600 hours. 

Project Cost: $60 million total 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-952) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process ("I'CGP"). There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are 
used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative "front end" of the existing steam reforming 
process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required. 

The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost of 
ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant 
is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

UNIVERMFY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE - United States Department of Energy and 
University of Minnesota (C-970) 

In February 1977, DOE awarded a five-year cost-sharing contract to the University of Minnesota for design, construction, and 
operation of a 72 tons per day Foster Wheeler Stoic gasifier to be located at Duluth, Minnesota. Foster Wheeler provided the en-
gineering services. The two-stage gasifier utilizes technology licensed by Foster Wheeler from Stoic Combustion Ltd. of Johannes-
burg, South Africa. The 180 BTU per standard cubic feet gas is used to fire a boiler for heating/cooling of campus buildings. The 
process produces fuel oil as a coproduct which will be used as boiler fuel during gasifier maintenance. The Stoic gasifier was 
started initially in October 1978. Altogether five different western sub-bituminous coals have been fed to the Duluth unit. The 
heavy coal oil recovered by means of electrostatic precipitation has been stored and fired successfully in the University's boilers. 
The gasifier is now fully operational, and on an extended run providing partially the fuel needs for the campus heating plant. 

Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of operation. Cooperative 
agreement with Department of Energy ended August 1982. Plant operation now entirely funded by University of Minnesota. 

Project Cost: $6,401,557.30 DOE share $2,818,940.00
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VI3W GASIFICATION PROCESS - Vereinigte Elektrizitatswerke (C-974) 

A gasification process being specially developed for application in power plants is the VI3W Coal Conversion Process of Vereinigte 
Elektrizitatswerke, a German utility. The process works on the principle of entrained flow. However, coal is partly gasified with air 
and the remaining coke is burned separately. A prototype 10 tons coal per hour plant has been operated in Gexsteinwerk near 
Dortmund since 1985. Superheated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Three variants are 
being tested for gas cleaning, whereby both wet and thy gas cleaning are being applied. These consist of: 

Wet gas-cleaning with prescrubbing to remove NH4CL, and amisol washing plus a Claus plant to remove sulfur. 

Prescrubbing to remove NH4CL, with combustion of gases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation in the FOD 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 FOD plant. 

Project Cost: Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-975) 

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. DCLV is a subsidiary of the Japanese-owned Nippon Drown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho lwai, 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 DCLV 
is carrying out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. 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 5,000 tons per day of 
dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost: Undisclosed 

WUJING TRIGENERA11ON PROJECT - Shanghai Coking and Chemical Plant (C-992) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and steam 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the 
existing coke ovens in the Shanghai Coking and Chemical Plant. - The facility will produce 3 million cubic meters per day of 
3,800 Keal per cubic meter of town gas (106 million cubic feet per day of 427 ETU 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 parent purity chemical grade 
methanol, 100,0DO metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages.	 - 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program (TOP), International Development Cooperation Agency. 

Phase I, 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, 
198& 

Project Cost: Not disclosed
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UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BRAZIL - Companhia Auxiliar de Empresas &ectricas Brasileiras and United States 
Department of Energy (C-1002) 

On January 21, 1985 the United States and Brazil signed a bilateral agreement to jointly study underground coal gasification 
(UCO). The objective of the agreement is to undertake a joint analytical and test program for the development of UCG 
technology utilizing the site of the Triunfo coal deposits in Rio Grande do Sul. The program will consist of three phases of work: 
(I) coal and site characterization; (2) test design and feasibility studies; and, (3) test operations and evaluation. 

During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of Brazilian coals, technical 
experts on site, site characterization methods and tools, and data evaluation to develop a preliminary process design. CAEEB will 
provide needed data to DOE and will be responsible for actual site characterization studies and field tasks such as drilling and 
seismic studies. 

During the test design and feasibility study phase (Phase 2), DOE will provide information and technical experts to assist in the 
preparation of the preliminary design of an actual field test. During this second phase CAEEB agrees to be in charge of the 
preliminary feasibility test program, and for all subcontracting. 

In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the CAEEB during the 
operation and evaluation of the UCG test. DOE may also loan data aquisition hardware and software and related instrumentation 
to assist in monitoring the test. CAEEB will provide to DOE all information on the design and results of the field test. 

DOE and CA.EEB will each bear their own costs of their participation in the activities under the agreement. The agreement will 
continue for a five year period, and may be extended by mutual agreement of both countries. 

Project Cost: Not Disclosed 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-1045) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCO) 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 (CR1?) 
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 BaGO-GERMAN PROJECT - Belgium, European Economic 
Community, and Federal Republic of Germany (C.1150) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a 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. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The first effort has grown 
since 1976, when a Belgo-German cooperation agreement was signed which resulted in the execution of an experimental 
underground gasification project sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area where 
the deposits are still unworked because of the considerable tectonic disturbances present between the surface and the 800 meter 
level. Work began in 1979 and is planned to continue into 1987. 

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.
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Underground Gasification Projects (Continued) 

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. 

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 It 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 hole 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. 
Alter 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 Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-1092) 

The LLNL has been working on in situ coal gasification since 1972, under the sponsorship of DOE and predecessor organizations. 
Tests that have been conducted include three underground coal gasification tests at the Hoe Creek site near Gillette, Wyoming; 
five small field tests ("Large Block Tests") at an exposed coal face in the WIDCO coal mine near Centralia, Washington; and a 
larger test at the same location (the "Partial Seam CRIP Test'). 

Previous LLNL work involved development of the packed bed process, using explosive fracturing. A field test, Hoe Creek No. 1, 
was conducted during FY1976-1977, to test the concept. A second experiment, carried out during FY1977-1978, Hoe Creek No. 2, 
was gasified using reverse combustion and produced 100 to 150 FF13 per standard cubic foot gas using air injection, and 250 to 
300 FF13 per standard cubic foot gas during a two day steam-oxygen injection test. The third experiment, Hoe Creek No. 3, was 
carried out during FYI978-1979, using a drilled channel to provide the link between the process wells. The test ran for 57 days, 
47 consecutive days using steam and oxygen, during which 3,800 tons of coal were gasified with an avenge heating value of 
215 BTIJ per standard cubic foot. The test showed that long-term use of steam-oxygen underground gasification is technically 
feasible, operationally simple and safe. The use of steam and oxygen is crucial because the medium heating value gas produced by 
steam-oxygen gasification is readily convened to chemical synthesis gas or to pipeline quality, which is the objective of this project. 
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Underground Gasification Projects (Continued) 

The "Large Block Tests' in FY1982 were designed to carry the concepts of the laboratory tests to a larger size in the field and still 
retain the ability to visually examine the burn cavities by simple excavation. The tests were very successful in providing detailed 
data which were used to develop a 31) cavity simulation model, CAVSM. The results from the Block tests led to the design of the 
Centralia Partial Seam CR!? test which was carried out in FY1983-1984. Over 2,000 tons of coal were gasified with steam and 
oxygen to produce a gas with an average heating value of 240 BTU per standard cubic foot. The test was designed to test the 
Controlled Retracting Injection Point (CR]?) concept in a coal seam with real commercial potential but on a scale small enough to 
allow the test to be completed within 30 days. Oxygen-steam injection was used through a 900 foot long well drilled from the coal 
face parallel to the dip of the seam. The product gas was produced first through an intersecting vertical well, and second, for the 
CRIP cavity, through a slant well drilled from the exposed face. Two distinct gas qualities were achieved a relatively high level after 
the CRIP maneuver and lower levels during the first cavity burn and after the roof collapse of the second burn. Even though some 
directional control problems were encountered in drilling the slant holes, the overall success of the Partial Seam test was very 
encouraging for the future of UCO at the Centralia site. The CR!? concept adds one more degree of control to the p 
A large scale test, Rocky Mountain 1 was carried out in late 1987 and early 1988 at Hanna, Wyoming. The test will provide a direct 
comparison of the CR!? method with a vertical injection well method, and will operate long enough to give resource recovery data 
from a multiple cavity burn. Both test modules utilized directional drilled links and horizontal production wells. One module used 
a CR11' injection system while the other sed vertical injection wells. 

LLNL is providing the gas analysis and data aquisition systems for the test and also actively supporting the operational phase of the 
test. 

Objectives for FY1988 include: 

1.Continue to support the Rocky Mountain I field test at Hanna, Wyoming including active participation in the operational 
phase. Goals of the experiment are to determine the technology for larger scale operation and to refine the economics for 
commercial gasification. 

2.Continue the modelling program with emphasis on cavity growth simulation comparison with field results. 

3. Continue to support the DOE and State Department in technology transfer through agreements with foreign countries 
such as Spain, Brazil, and India. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C-1097) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific 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 UCO. 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 burn back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs 
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1988) 

Underground Gasification Projects (Continued) 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN 1 TEST— Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Union Pacific Resources Company, and United States Department of Energy (C-1099) 

A field test of the Controlled Retracting Injection Point (CRJP) technology was conducted in late 1987 and early 1988 near Manna, 
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 Manna, Wyoming, near a site used in the 1970s by the government to conduct some or 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 CRIP 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. 

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 RTU/SCF, dry gas comp. 38% H 2, 9% CH 4' 12% 
CO and 38% CO2, at an oxygen utilization efficiency level of 1640 BTU/O2 (HHV). 

Project Cost: $9.85 million 

UNDERGROUND GASIFICATION OF ANrHRACrrE, SPRUCE CREEK - Spruce Creek Energy Company: a joint venture of 
Gilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-1100) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold, 

Project Cost: Not disclosed	 - 

UNDERGROUND COAL GASIFICATION, AMMONIA/UREA PROJECt— Energy International, Inc. and United States 
Department of Energy (C-Ills) 

Energy International (El), Inc. has been authorized to receive $12 million from the Department of Energy's Clean Coal Technology 
Program in support of an underground coal gasification (UCG) project near Rawlins, Wyoming, The DOW money, which will be 
repaid from any resulting profits, will supplement the more than $65 million in private sector financing that will fund the UCG 
production of raw materials used in fertilizers. 

Following the merger of Gulf Oil Company with Chevron, the former Alternate Energy Development management of the Gulf 
Research and Development Company (GR&DC) purchased the rights to a variety of coal-based technologies they had developed 
for Gulf and formed Energy International. Work on the Rawlins site has been underway since the late 1970s, when the GR&DC 
began an experimental UCG project there. The site of the earlier work has now been environmentally restored and the new 
project will be located nearby. 

As part of its Rawlins project, El has made commitments to purchase existing fertilizer plants in Augusta, Georgia, and El Centro, 
California. Work is expected to begin on refurbishing these plants in January of 1988 while construction on the Rawlins site will 
begin in the spring of 1988. Stan-up operations are scheduled for the third quarter of 1989, with production slated for the fourth 
quarter of the same year. 

Project Cost: $77 million
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SFE. 
A-C Valley Corporation Project A-C Valley Corporation June 1984; page 4-59 

Acurex-Aerotherni Low-BTU Gasifier Acurex-Aerotherm Corporation September 1981; page 4-52 
for Commercial Use Glen-Gery Corporation 

United States Department of Energy 

ADL Extractive Coking Process Arthur D. Little, Inc. March 1978; page B-23 
Development Foster-Wheeler 

United States Department of Energy 

Advanced Flash Hydropyrolysis Rockwell International June 1987; page 4-47 
U.S. Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute September 1978; page B-22 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. September 1985; page 4-61 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. June 1984; page 4-60 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, Inc. March 1983; page 4-85 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, December 1986; page 4-35 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, December 1984; page 4-64 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. September 1985; page 4-62 
Mitsui Coal Development Pt)', Ltd. 

Beach-Wibaux Project See Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) March 1985; page 4-62 
TRW, Inc. 

Bell High Mass flux Gasifier Bell Aerospace Textron December 1981; page 4-72 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. December 1983; page 4-77 
Placer U. S. Inc. 

Ill-GAS Project United States Department of Energy March 1985; page 4.63 

Breckinridge Project Bechtel Petroleum, Inc. December 1983; page 4-78 

Burnham Coal Gasification El Paso Natural Gas Company September 1983; page 4-62 
Project 

Byrne Creek Underground Coal Dravo Constructors March 1987; page 4-90 
Gasification World Energy Inc. 

Calderon Fixed-Bed Slagging Project Calderon Energy Company December 1985; page 4-73 

Car-Mox Low-BTU Gasification Pike Chemicals, Inc. March 1980; page 4-53 
Project 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page B-25
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Project Sponsors Last Appearance in SPIt 

Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active Fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page B-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 B-26 

Coalex Process Development Coalex Energy December 1978; page B-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company
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Project	 Sponsors	 Last Appearance in SFR 

Cresap Liquid Fuels Plant 

Crow Indian Coal Gasification 
Project 

Crow Indian Coal-to-Gasoline 
Project 

DeSota County, Mississippi 
Coal Project 

Dow Coal Liquefaction Process 
Development 

Dow Gasification Process Development 

EDS Process 

Elmwood Coal-Water-Fuel Project 

Emery Coal Conversion Project 

Enrecon Coal Gasifier 

Exxon Catalytic Gasification 
Process Development 

Fairmont Lamp Division Project 

Fast fluid Bed Gasification 

Fiat/Ansaldo Project 

Flash Pyrolysis Coal 
Conversion 

Flash Pyrolysis of Coal 

Florida Power Combined Cycle 
Project 

Fuel Gas Demonstration Plant 
Program

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 

Fluor Engineers and Constructors 
United Slates Department of Energy 

Crow Indian Tribe 
United States Department of Energy 

Crow Indian Tribe 
TransWorld Resources 

Mississippi Power and Light 
Mississippi, State of 
Ralph M. Parsons Company 

Dow Chemical Company 

Dow Chemical Company 

Anaconda Minerals Company 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Foster Wheeler Tennessee 

Emery Synfuels Associates: 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon, Inc. 

Exxon Company USA 

Westinghouse Electric Corporation 

Hydrocarbon Research, Inc. 
United Stales Department of Energy 

Ansaldo 
Fiat flG 
KRW Energy Systems, Inc. 

Occidental Research Corporation 
United States Department of Energy 

Brookhaven National Laboratory 

Florida Power Corporation 
United States Department of Energy 

Foster-Wheeler Energy Corporation 
United States Department of Energy

December 1979; page 4-67 

December 1983; page 4-84 

September 1984; page C-8 

September 1981; page 4-58 

December 1984; page 4-70 

June; 1987 page 4-53 

June 1985; page 4-63 

March 1987; page 4-66 

December 1983; page 4-84 

September 1985; page 4-66 

December 1984; page 4-73 

September 1982; page 4-76 

December 1982; page 4-90 

March 1985; page 4-66 

December 1982; page 4-91 

June 1988; page 4-69 

December 1983; page 4-87 

September 1980; page 4-68 
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Project Sponsors last Appearance in SFR 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1983; page 4-87 
United Stales Department of Energy 
General Electric Company 

Grants Coal 10 Methanol Project Energy Transition Corporation December 1983; page 4-89 

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 

llampshirc Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

li-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-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium - 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page 8-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities Service/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 8-18 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 4-85 
Project Administration 

Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project El Hoffman March 1985; page 4-80 
King-Wilkinson, Inc.
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Project Sponsors Last Appearance in SFR 

Kiockner Coal Gasifier Klockner Kohlegas March 1987; page 4-74 
CRA (Australia) 

Kohic Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

Latrobe Valley Coal Lique- Rheinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
menial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 4-49 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 

Mazingarbe Coal Gasification Project Cerchar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979; page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc.

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 B-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
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Project Sponsors Last Appearance in SFR 

Milimerran 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-Wild Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

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 

Sluriytech, Inc. 

Niccs Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels lnterNorth December 1983; page 4-106
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Project Sponsors Last Appearance in SFR 

Project Minnesota Gas Company 
Minnesota Power & Light Company 
Minnkola 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 OcI & Gas 0mW-I 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project P8W 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/ShamnfKlockner Project Klockrier 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 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy 

Plasma Arc Torch Swindell-Dresser Company December 1978; page B-33 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project 	 ARC-Coal, Inc.	 December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project	 Commonwealth Edison	 March 1979; page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy

Purged Carbons Project Integrated Carbons Corporation	 December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of	 December 1978; page 8-34 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource 	 March 1985; page 4-90 
Canada Research Fund 

Alberta Research Council
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Project Sponsors Last Appearance in SFR 

Riser Cracking of Coal Institute of Gas Technology December 1981; page 4-93 
United Sates Department of Energy 

RUHR100 Project Ruhrgas AG September 1984; page C-29 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Rheinbraun Hydrogasification of Coal Reinische Braunkohlenwerke December 1987; page 4-80 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke-Otto Gasification Saarbergwerke AG June 1984; page 4-86 
Process Dr. C. Otto & Company 

Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel Kiockner Kohlegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Simplified IGCC Demonstration Project General Electric Company September 1986; page 4-71 
Burlington Northern. Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification! Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page 8-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page B-IS 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page 8-36
United States Department of Energy
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Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

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 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Deep Seams Groupe d'Etudes de la Gazeification Souterraine December 1987; page 4-86 
Charbonnages de Prance 
Ga de France 
Institut Francais du Petrole 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project
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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 
cia! Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-IS 

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 13-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitcthorne Coat Gasification United Synfue!s Inc. September 1984; page C-36 

Wyoming Coat Conversion Project WyCoa!Gas, Inc. (a Panhandle Eastern December 1982; page 4-112 
Company) 

Zinc Halide Hydrocracking Conoco Coat Development Company June 1981; page 4-86 
Process Development Shetl Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or OrEanization Project Name Page 

AECI Ltd. AECI Ammonia/Methanol Operations 4-52 
Coalplex Project 4-56 

AGA Nynas Energy Chemicals Complex 4-68 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-65 

A. Johnson & Company Nynas Energy Chemicals Complex 4-68 

Allis-Chalmers KJLnGAS Project 4-63 

Amoco Production Company Underground Coal Gasification Rocky Mountain 1 Test 4-78 

Asia Oil Victoria Brown Coal Liquefaction Project 4-74 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-74 

Bechtel Inc. Appalachian Project 4-53 
Cool Water Coal Gasification Project 4-56 

Belgium, Government of Underground Coal Gasification, Joint Belgo-Gerinan Project 4-75 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4-66 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-78 

British Coal British Coal Liquid Solvent Extraction Project 4-54 
British Coal Low-BTU Gasification Project 4-54 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-54 
British Coal Low-BTU Gasification Project 4-54 

British Gas Corporation Slagging Gasifier Project 4-71 

Broken Hill Pty. Broken Hill Project 4-54 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-54 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-74 

Carbocol Colombia Gasification Project 4-56 

Carbon Gas Technology Huenxe COT Coal Gasification Pilot Plant 4-61 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4-55 

Central Illinois Light Co., Inc. KILnGAS Project 4-63 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-58 

(1cm Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-65
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Company or Ornnization Proiect Name Page 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-66 
Corporation 

Coal Gasification COGA-1 Project 4-56 

Companhia Auxiliar de Empresas Underground Coal Gasification, Brazil 4-75 
Electricas Brasileiras 

Continental Energy Associates Can-Do Project 4-55 

Deutsche Babcock AG Huenxe CGT Coal Gasification Pilot Plant 4-61 

DEVCO Scotia Coal Synluels Project 4-70 

Dow Chemical Dow Syngas Project 4-58 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-52 
Cool Water Coal Gasification Project 4-56 
KILnGAS Project 4-63 
Laporte Liquid Phase Methanol Synthesis 4-65 
Underground Coal Gasification Rocky Mountain 1 Test 4-78 

Elgin Butler Brick Company National Synfuels Project 4.47 

Empire State Electric Energy Cool Water Coal Gasification Project 4-56 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-68 

Energy Brothers Inc. K-Fuel Cdmmercial Facility 4-63 

Energy International Underground Coal Gasification, Ammonia\Urea Project 4-78 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4-67 

European Economic Community Underground Coal Gasification, Joint Belgo-German Project 4-75 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4-67 

Gas Research Institute Underground Coal Gasification Rocky Mountain 1 Test 4-78 

Gelsenberg AG Huenxe CGT Coal GAsification Pilot Plant 4-61 

General Electric Company Cool Water Coal Gasification Project 4-56 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-78 

Gesellschalt fur Kohle-Technologie PRENFLO Gasification Pilot Plant 4-68 

GFK Gesellschaft fur Kohleverfiussigung GFK Direct Liquefaction Project 4-60 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-70 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4-78
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Company or Organization Proicct Name 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-70 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4-68 

HRI Inc. Ohio Ontario Co-Processing Project 4-68 

Idcmitsu Kosan Victoria Brown Coal Liquefaction Project 4-74 

Illinois Power & Light Company KILnGAS Project 4-63 

Illinois, State of K1LnGAS Project 4-63 

Iowa Power & Light Company K1LnGAS Project 4-63 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-74 

Japan cool Water Program Cool Water Gasification Project 4-56 
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-53 
Fulaiji Low BTU Gasifier 4-59 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-64 
System for Electric Power Generation 

KHD Industries Lulea Molten Iron Pilot Plant 4-66 

KILnGAS R&D, Inc. KILnCIAS Project 4-63 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-74 

Kopex Libiaz Coal-to-Methanol Project 4-65 

Kori Engineering Corex Iron Making Process 4-57 

Krupp Koppers GmbH Ubiaz Coal-to-Methanol Project 4-65 
PRENFLO Gasification Pilot Plant 4-68 

Lawrence Livermore Laboratory Underground Coal Gasification - LLNL Studies 4-76 

Manfred Nemitz Industrieverwaltung I-luenxe CGT Gasification Pilot Plant 4-61 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-53 

Ministry of Machine Building Industry Fulaiji Low ff11.1 Gasifier 4-59 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-74 

Monash University Monash Ilydroliquefaction Project 4-66 

Monongahela Power Company K1LnGAS Project 4-63 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4-67 

National Synfucis Inc. National Synfuels Project 4-67 

New Energy Development Organization CRIEPI Entrained flow Gasifier 4-58 
Hydrogen From Coal Pilot Plant 4-62 
Japanese Bituminous Coal Liquefaction Project 4-62 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-74 

Nissho Iwai Victoria Brown Coal Liquefaction Project 4-74 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4-61 

Nokota Company Dunn Nokota Methanol Project 4-59
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Company or Organization	 Proiect Name 

North-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Ohio Coal Development Office 

Ohio Edison Company 

Ohio Ontario Clean Fuels Inc. 

Oil & Natural Gas Commission 

Pennsylvania Electric Company 

Petro-Canada 

Polish Government 

Potomac Edison Company 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rbcinischc Braunkohlwerke 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Ruhrchemie AG 

Saabergwerke AG 

Sasol Limited 

Scrubgrass Associates 

SGI International 

Shanghai Coking & Chemical Corporation 

Shell Oil Company 

Sohio Alternate Energy Development 
Company 

South Australia, Government of 

Southern California Edison 

Spruce Creek Energy Company 

Stone & Webster Engineering Corporation 

Sumitomo Metal Industries, Inc. 

Swedish Investment Bank 

Tennessee Eastman Company

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAR) 

Scotia Coal Synluels Project 

Scotia Coal Synfuels Project 

Ohio Ontario Co-Processing Project 

IULnGAS Project 

Ohio Ontario Co-Processing Project 

Underground Coal Gasification, India 

Appalachian Project 

Scotia Coal Synfuels Project 

Libiaz Coal-to-Methanol Project 

KILnGAS Project 

Hydrogen From Coal Pilot Plant 

Rheinbrau High Temperature Winkler Project 

Shell Coal Gasification Project 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthesegasanlage Ruhr (SAR) 

Synthesegasanlage Ruhr (SAR) 

GFK Direct Liquefaction Project 

Sasol Two and Sasol Thee 

Scrubgrass Project 

LFC Coal Liquefaction/Cogeneration Plant 

Wujing Trigeneration Project 

Shell Coal Gasification Project 

Cool Water Coal Gasification Project 

South Australian Coal Gasification Project 
Underground Coal Gasification, Leigh Creek 

Cool Water Coal Gasification Project 

Underground Gasification of Anthracite, Spruce Creek 

Ohio Ontario Co-Processing Project 

Lulea Molten Iron Pilot Plant 

Nynas Energy Chemicals Company 

Chemicals From Coal

4-53 
4-72 

4-70 

4-70 

4-68 

4-63 

4-68 

4-75 

4-53 

4-70 

4-65 

4-63 

4-62 

4-69 

4-70 

4-53 
4-54 
4-72 

4-72 

4-60 

4-69 

4-70 

4-6.5 

4-74 

4-70 

4-56 

4-71 
4-77 

4-56 

4-78 

4-68 

4-66 

4-68 

4-55 
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Company or Organization Project Name 

Texaco Inc.	 - Cool Water Coal Gasification Project 4-56 
Texaco Coal Gasification Process 4-72 

Tosco Corporation TOSCOAL Process Development 4-72 

WA WA Ammonia-From-Coal Project 4-73 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-73 

Uhde GmbH Rheinbraun High Temperature Winkler Project 4-69 

Union Electric Company IULnGAS 4-63 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain 1 Test 4-78 

Union of Soviet Socialist Republics Xansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-63 

University of Minnesota University of Minnesota Low-BTU GAsifier for Commercial Use 4-73 

United Coal Company Mild Gasification Process Demonstration Unit 4-66 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-52 
Appalachian Project 4-53 
Great Plains Gasification Project 4-60 
IULnGAS Project 4-63 
KRW Advanced Coal Gasification System for 4-64 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 4-65 
Mild Gasification Process Demonstration Unit 4-66 
Mountain Fuel Coal Gasification Process 4-67 
Ohio Ontario Co-Processing Project 4-68 
University of Minnesota Low-BTU Gasifier for 4-73 

Commercial Use 
Underground Coal Gasification Rocky Mountain I Test 4-78 
Underground Coal Gasification, Ammonia/Urea Project 4-78 
Underground Coal Gasification, Brazil Project 4-75 

Veba Gel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-53 

Vereinigte Elektrizitatswerke VEW Gasification Process 4-74 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-74 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-68 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 4-75 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-53 
Research & TEchnology GFI( Direct Liquefaction Project 4-60 

PRENFLO Gasification Pilot Plant 4-68 
Rheinbraun High Temperature Winkler Project 4-69 

West Penn Power Company KILnGAS Project 4-63 

Westinghouse Electric Appalachian Project 4-53 
KRW Advanced Coal Gasification System for Electric 4-64 

Power Generation
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