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HIGHLIGHTS 

Capsule Summnries of the More Significant Articles in this Issue 

DOE Warms of Deteriorating Domestic Oil and Gas Production 

Deputy Secretary of Energy W.H. Moore recently told Congress that it was time 
for all concerned to work together to stop the deterioration of the oil and 
gas industry. Excerpts from his testimony appear on page 1-5. 

MA Short-Term Outlook Sees Rapid Decline in United States Oil Production 

The Energy Information Agency's new Short-Term Energy Outlook projects a 
continued decline in United States crude oil production. After an estimated 
drop of 470,000 barrels per day in 1989, ETA sees a fall of an additional 
300,000 barrels per thy in 1990. Highlights from the Outlook are presented on 
page 1-11. 

MA Records Drop in OR and Gas Reserves for 1988 

United	 States proved reserves of natural	 gas	 declined sharply in 1988	 due to 
large revisions in Alaska for economic reasons, says the EIA (page 1-11). Ad-
ditions	 to	 oil reserves in 1988 were the second lowest since the ETA has been 
collecting data.	 Total discoveries in 1988	 would be sufficient to replace only 
20 percent of the oil consumed In that year. 

EEPC Lowers Oil Price Projections But Still Expects Much Higher Prices 

Harvard	 University's	 Energy and	 Environmental Policy	 Center	 has	 for several 
years	 been	 predicting	 future	 oil	 prices	 to be	 higher	 than	 most other 
orecasters.	 In the article on page 1-12, EEPC re-examines its forecasting as-
sumptions and methodology. Although they have lowered their prediction some-
what,	 EEPC	 still	 feels	 that historical	 data	 do not support the low	 oil prices 
forecast by most analysts.

NERC Says Reliability of United States Electric Generating System Will Pall 

According to surveys by the North American Electric Reliability Council, most 
electric utilities appear to be underestimating the rate of growth in demand 
for electricity, and they are not planning enough new capacity to handle the 
demand likely to materialize in the 1990s. NERC predicts escalating shortfalls 
in electric capacity during the period (page 1-14). 

World Oil Prices to Peak in 2004 

Energy modeling work carried out by BHP Petroleum of Australia suggests a 
prominent peak In world oil prices of about $40 per barrel (in 1987 dollars) at 
around the year 2004. A discussion of their forecast and the methodology in-
volved is given on page 1-16.
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1KW Poll of Price Forecasters Shows Increase for First Time in Ten tears 

The International	 Energy	 Workshop	 regularly	 conducts	 a poll	 of	 energy price 
forecasters on their outlook for future world oil prices. Ever since 1981, each 
year's	 poll has	 showed that	 the	 average	 expected price	 for	 2010	 was lower 
than the average obtained during the preceding year. The	 1989 poll, for the 
first	 time, showed that expectations for 2010 have risen slightly since the pre-
vious year. See page 1-18 for an explanatory chart. 

Economics of the Greenhouse Effect Explored 

The postulated carbon dioxide "greenhouse effect" will be a major constraint to 
the development of synthetic fuels in the future.	 A cost-benefit approach to 
schemes for ameliorating the greenhouse effect has thus far been missing from 
the public debate.	 This issue is explored on page 1-20, where it is calculated 
that actual net greenhouse damage to the economy would be only on the order 
of a quarter of one percent of gross national product. 

CO2 Injection Could Make Hydrogen From Fossil Fuels Acceptable 

There	 are few technically	 possible options for slowing the	 release of	 carbon 
dioxide into the atmosphere.	 The two most likely schemes are to collect	 the 
CO2	 from stack gases	 and either inject	 it deep in the	 earth	 or dissolve	 it 
deep in the ocean. 	 As suggested on page 1-30, either	 of	 these approaches 
might	 make	 it possible	 to	 make hydrogen from fossil	 fuels	 while avoiding 
greenhouse consequences entirely.

Icto Bo* Puts Geologic Perspective on Carbon Dioxide Greenhouse Effect 

Rather than an excess of carbon dioxide, the earth at the moment is nearly 
starved for carbon dioxide says S.B. Idso in his new book, reviewed on 
page 1-32. ldso says the earth may actually benefit greatly in the future 
from increased levels of carbon dioxide. 

Unocal Touts Future of OR Shale 

Recent remarks by Unocal's R. Stegemeier and F. Hartley indicate their belief 
that oil shale will become a major source of energy in the future. See 
page 2-3 for a summary of their remarks concerning UnocaPs Parachute, 
Colorado oil shale project. 

New Paraho Completes Six Shale Oil Asphalt Test Strips 

Six sections of asphalt paving in Colorado, Utah and Wyoming have been built 
using a blend of petroleum-derived bitumen and shale-oil-derived bitumen, says 
New Paraho Corporation. These test strips will now be monitored for several 
years. Locations of the strips may be found on page 2-5. 
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LLNL Envisions	 RD Pilot Plants 

Lawrence Livermore National Laboratory hopes to find support for demonstrating 
the hot recycled solids retorting process they have developed. As explained on 
page 2-5, LLNL hopes to complete a design for a 100 ton per thy pilot plant 
in 1990, and to begin construction In 1991. That would be followed by the 
design of a 1,000 ton per thy pilot plant. 

Fluidized Bed Retorting of Eastern Oil Shale Feasible at Less Than 

A design study by Foster Wheeler Corporation suggests that production of oil 
from eastern oil shale could be as economical as production from western oil 
shale. The key is a large byproduct credit for the sulfur in eastern oil shale. 
See page 2-7 for a discussion of the economics. 

Fluid Bed Combustion Will Improve Oil Shale Economics 

According to Occidental Oil Shale Inc., the estimated cost of producing shale 
oil at the C-b tract Is appreciably less than it was a few years ago. One 
contributing factor, as pointed out on page 2-11, is the use of new fluidized 
bed combustion technology to recover energy from the low-BTU gases generated 
by Oxy's modified in situ retorting technology. 

Unocal Improves Drilling Technology 

Improved oil shale mining techniques are being developed at Unocal 
Corporation's Long Ridge Mine. One key advance is the use of polycrystalline 
diamond compact drill bits for drilling the blast holes. Whereas tungsten car-
bide bits would only drill about 500 feet of hole before needing regrinding or 
reconditioning, Unocal reports bit life for the diamond bits approaching 
100,000 feet of drill hole. Development efforts on the diamond bits are 
described on oage 2-15. 

of Shale Oil Asphalt Demonstrated In Lab Tests 

Laboratory tests sponsored by New Paraho Corporation have shown that asphalt 
test briquets incorporating shale oil bitumen give performances superior to bri-
quets using only petroleum bitumen. As detailed on page 2-18, the shale-oil-
modified test specimens scored higher on the Index of Retained Strength, on 
cyclic freeze/thaw tests and on ultraviolet weathering tests. 

Reviews Progress in Oil Shale 

Lawrence Livermore National Laboratory held its Sixth Briefing on Oil 
Research in October. The last briefing was held in 1985. A summary 
results presented at the briefing starts on page 2-21. 

USSR Shale Tar Distillation Practices 

A new Russian book on shale oil refining has been partially translated. The 
section on shale tar distillation (page 2-27) discusses the different techniques 
used for two different shale oils from different locations in the Soviet Union.



Israel Nears Completion of Oil Shale Combustion Unit 

A circulating fluidized bed combustor burning oil shale has been built at 
Israel's Mishor Rotem oil shale deposit. The unit, which will generate 50 tons 
of steam per hour, was scheduled to start up in 1989 (see page 2-30). 

Environmental Monitoring Shows Improving Performance at Parachute Creek 

The United States Treasury Department has responsibility for monitoring the en-
vironmental performance of Unocal's Parachute Creek oil shale project. A 
recent summary (page 2-32) shows that the plant is still exceeding permit 
limits for sulfur emissions during plant upsets, startups and shutdowns. 
However, no emissions of significant environmental or health concern have been 
routinely emitted during on-line operations. 

Marathon Piles Suit Over Portland Claims 

Marathon Oil Company and several other plaintiffs have filed a lawsuit against 
the Department of the Interior seeking to have the Court order that the 
Department proceed with the processing of certain oil shale claims (page 2-38). 
Although Congress has been considering legislation to change the oil shale 
claim patenting process, it would appear that the Marathon claims would be 
allowed to proceed under a grandfather clause. 

Reverse Boomtown Effects Chronicled 

A book to be published soon covers the socioeconomic effects of the great oil 
shale bust when Exxon canceled the Colony project in 1982. Excerpts from 
the book were used in a talk at the Oil Shale Symposium, and are repeated on 
page 2-39. 

Oil Mining Project Set for Louisiana 

Improved Gravity Drainage Company has been awarded $7.2 minion from the 
United States Department of Energy for an access-by-mining oil recovery 
project in the Caddo-Pine Island field in Louisiana. As described on page 3-1, 
the project involves sinking a vertical shaft to below the oil zone, mining out 
a drilling chamber, and then drilling numerous horizontal drainholes outward and 
upward Into the pay zone. 

Caribou Lake Pilot to Proceed 

Husky On and AEC Oil and Gas Company announced plans to proceed with a 
$20 million cyclic steaming pilot project at Caribou Lake in Alberta's Cold Lake 
Air Weapons Range. See page 3-2 for details. 

Site Work Under Way for Biprovincial Upgrader 

As announced on page 3-2, site work began this fall on Husky Oil's Biprovincial 
Upgrader project at Lloydminster, Saskatchewan, Canada. Although the site 
work will shut down for the winter it is scheduled to resume after the spring 
thaw.
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OSLO Carrying Out Diversified R&D Program 

The OSLO oil sands project is continuing to evaluate novel approaches to oil 
sands mining and extraction (page 3-4). Among the variations under study are 
dredge mining, cold water extraction, and borehole mining. 

Taciuk Processor Gets Waste Cleanup Job 

The first commercial application for the Taciuk Process, developed for recover-
ing bitumen from oil sands, will be to clean up hazardous wastes (PCBs) at an 
Illinois Superfund site. The project, discussed on page 3-6, involves the 
retorting of 20,000 tons of harbor sediments, leaving behind clean solids 
suitable for landfill. 

Canadian Energy Developments Promoting 28,000 BPD Coprocessing Facility 

Canadian Energy Developments is proposing a C$700 million project to design 
and construct a 28,000 barrel per day heavy oil and coal coprocessing facility. 
As discussed on page 3-7, the first step would be the construction and opera-
tion of a six ton per thy, $32 million pilot unit at Gesellschaft fur Kohlever-
fussigung in West Germany. 

Athena Energy Minister Optimistic on Upturn for Heavy Oil and Oil Sands 

Alberta's Minister of Energy, R. Orman, recently gave an optimistic assessment 
of the outlook for heavy oil and oil sands In Alberta. Key portions of his 
talk are reproduced on page 3-12. 

CERI Predicts Rising Oil Imports for Canada 

A study by the Canadian Energy Research Institute says that imports of light 
crude oil into Canada are likely to rise sharply to nearly one million barrels 
per day by the year 2003. Details of their projection may be found on 
page 3-15. 

With Variation in Production Costs Found for In Sits Bitumen Projects 

Economic analyses carried out at the Alberta Research Council have shown 
large variations In the estimated costs of production for different in situ 
bitumen recovery schemes. Total estimated costs (in 1988 Canadian dollars) 
range from slightly over $10 per barrel to almost $22 per barrel. The article 
on page 3-18 explains how such large differences arise. 

Kentucky Tar Sand Bitumen Tested in Coprocessing Moth 

The Kentucky Center for Applied Energy Research has carried out experiments 
on coprocessing a Kentucky tar sand bitumen and Kentucky #9 coal. Using an 
ebullated bed reactor based on the H-coal process (page 3-22), runs were made 
with and without coal to determine the contribution of coal to the product 
yield.
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Frontier Energy Project Win Use CCLC Coprocessing Technology 

Frontier Energy has submitted a proposal under the Clean Coal Technology 
Program Round 3 to build a demonstration plant for the heavy oil/coal 
coprocessing technology which Canadian Energy Developments of Canada and 
GfK of West Germany have been studying. As described on page 4-1, the 
demonstration plant would process 1,128 tons of Ohio #6 coal and 
20,000 barrels of Alberta heavy oil per day. 

Peabody CICT Project Based on IGT Mild Gasification Process 

Peabody Holding Company has submitted a Clean Coal Technology proposal for a 
repowering demonstration facility based on lOT's mild gasification process. The 
445 ton per day, $120 million project is described on page 4-1. 

Midland Cogeneration and California Carbide Propose High-Temperature Flash 
Gasification 

California Carbide Company has developed a Flash Desulfurizing Gasification 
process. Midland Cogeneration proposes to install a 200 ton per day 
demonstration of this process at its Midland, Michigan 1,370 megawatt combined 
cycle plant. A description of the proposed plant appears on page 4-2. 

N-C Power Proposes Coal Gas Fired Fuel Cell Demonstration 

Under the Clean Coal Technology Program Round 3, M-C Power Corporation 
proposes a $22 million project to build a 500 kilowatt fuel cell. Details of 
the project, listed on page 4-3, include the fact that the molten carbonate 
fuel cell will run on gas produced at the Institute of Gas Technology's U-GAS 
pilot plant. 

Geneva Steel to Demonstrate Gasifier-Based CORfl lronmskfng Process 

The COREX ironmaking process developed by Voest-Alpine involves a direct 
reduction shaft furnace above a melt er -gasifier. Geneva Steel proposes to 
build a $368 million commercial demonstration unit which would produce 
770,000 tons of molten iron per year.	 Geneva Steel's expectations for the
project are given on page 4-4. 

Air Products and Dakota Gasification Team Up for Liquid Phase Methanol 
Demonstration 

A joint venture between Air Products and Dakota Gasification has proposed a 
demonstration of the liquid phase methanol process. Sited at the Great Plains 
gasification plant, the demonstration would divert about 10 percent of the syn-
thesis gas to manufacture 500 tons of methanol per day. The six-year 
program outlined on page 4-4 would cost $213 million. 
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Byproduct Development Efforts Continue at Great Plains Plant 

Byproduct development efforts under way at the Great Plains coal gasification 
plant include the recovery and sale of rare gases from the air separation 
plant, and the extraction of high-value phenols. The byproducts program is 
described on page 4-5. 

WRI Starts Up New-Design Mild Gasifier 

Western Research Institute has started up a new 100 pound per hour process 
research unit based on their Inclined fluid bed gasifier. The system is being 
used to test a concept for the mild gasification of western subbituminous coal. 
See page 4-8. 

501 and Shell Farm TEK-KOL, ENCOAL and Other Units to Develop LFC Process 

SGI International and Shell Oil Company have formed various joint ventures to 
promote SGI's LFC coal conversion process (page 4-7). Under the Clean Coal 
Technology Round 3 solicitation ENCOAL has proposed building a 1,000 ton per 
day demonstration plant at Shell's Buckskin Mine in Wyoming. 

Tampella Licenses U-GAS Process 

As announced on page 4-8, the Institute of Gas Technology has licensed a 
division of Tampella Inc. of Tampere, Finland to use IGT's pressurized, fluidized 
bed coal gasification process. 

Texaco to Buy Cool Water, Use it to Burn Sewage Sludge 

Texaco is negotiating with Southern California Edison to purchase and operate 
the now-idle Cool Water combined cycle coal gasification plant in southern 
California. Texaco says (page 4-11) that It Intends to convert the facility to 
burn a combination of coal and municipal sewage sludge. 

Energy Secretary Promises to Expedite Clean Coal Program 

The Secretary of the United States Department of Energy, J. Watkins, promised 
In November to significantly speed up the process of reviewing and approving 
grants under the Clean Coal Technology program. He said (page 4-12) that he 
was cutting the number of steps between selecting a project and the actual 
award of federal funds from 57 to 30 steps. He directed that final action on 
Round 3 selections be wrapped up within 12 months after selection. 

SASOL Economic Performance Linked to Byproducts 

Although the world thinks of the SASOL coal conversion plants in South Africa 
as synthetic fuel plants, their economic performance is depending more and 
more on non-fuel products. As reported on page 4-18 SASOL now markets 
over 100 different products derived from coal, and the profitability of these 
products has been much higher than that of the conventional fuel products. 
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Exxon Studying Catalytic Hydropyrolysis 

Exxon Research and Engineering Company has presented data (page 4-20) on 
catalyzed hydropyrolysis of coal showing that liquid yields can be doubled over 
that obtained in noncatalytic hydropyrolysis. 

HYCOL Pilot Plant Described 

The Japanese Research Association for Hydrogen-from-Coal Process Development 
(HYCOL) is building a 50 ton per day entrained flow pilot plant in Japan. The 
project, to be completed next year, is described on page 4-24. 

Progress Math on CIVOGAS Process in Brazil 

The article on page 4-28 is concerned with the CIV OGAS process which Is un-
der study In Brazil by CIENTEC. A 300 kilogram per hour fluidized bed unit 
has accumulated 10,000 hours of operation In the last six years. 

Coal Gasification Cheaper Than Imported Natural Gas in East Germany 

According to information presented at the World Energy Conference (page 4-30) 
the gasification of brown coal in fixed-bed pressurized gasifiers in East Ger-
many is more economical than using imported natural gas. 

Extensive Chinese Coal Gasification Efforts Summarized 

China has accumulated experience with a wide variety of coal gasification 
processes. It Is said (page 4-31) that there are more than 4,500 small, 
atmospheric-pressure gasifiers scattered throughout the country. 

IRA Projects Demand for Coal to Rise 33 Percent by 2000 

According to the International Energy Agency, coal demand in the OECD 
countries will have increased to 33 percent above the current level in the 
year 2000. Highlights of the lEA forecast may be found on page 4-36. 

PER Supplemental EIS Predicts Severe Socioeconomic Impact on Cheyenne Tribe 

A	 United States	 District	 Court	 decision in	 1986	 suspended	 two	 federal	 coal 
leases in Montana	 because	 of allegations that	 the environmental impact state-
ment had failed to adequately	 consider the economic,	 social,	 and culture im-
pacts on the nearby Northern Cheyenne Reservation.	 A	 supplemental	 EIS	 has 
now been issued,	 which	 states	 that	 such impacts	 would	 indeed	 be	 severe 
(page 4-38).
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CORPORATIONS 

The 1989 Annual Report for the institute of Gas 
Technology (1GT) lists the Institute's recent and on-
going research efforts. Projects applicable to syn-
thetic fuels are summarized in the following. 

Coal 

Under a Department of Energy (DOE) contract, a 
project team consisting of IGT, Peabody folding 
Company, Inc., Bechtel National Inc., and Caterpillar, 
Inc., designed and constructed a 100-pound per hour 
process research unit (PRU) for the IGT mild 
gasification process. Steady-state tests to inves-
tigate the effects of temperature on Illinois No. 6 
coal preparation plant fines showed that decreasing 
temperature from 1,4000 to 1,100°F increased con-
densable hydrocarbons from about 15 to 25 weight 
percent.	 Char yields were about 60 to 65 weight 
percent. 

The fuel gas produced was a medium-BTU gas rich In 
hydrogen and methane with a heating value of 
500 BTU per standard cubic foot. Work to optimize 
the process continues, including increasing the coal-
to-char ratio and throughput and maximizing the 
production of condensable hydrocarbons. Data being 
obtained in a related study funded by the Illinois 
Center for Research on Sulfur in Coal (CRSC) have 
demonstrated that a microscale laboratory method 
can be used to evaluate the performance of dif-
ferent coals In a variety of process conditions. 

IGT joined with Peabody Holding, Bechtel National, 
and Southern Illinois University at Carbondale in sub-
mitting a proposal to DOE for the IGT mild gasifica-
tion technology in response to DOE's Clean Coal 
Technology Ill solicitation. 

IGT produced large hatches of two low-rank wet-
carbonized coals in a PRU for two industrial spon-
sors. Wet carbonization of low-rank coals improves 
heating value and reduces equilibrium moisture and 
sodium content, thereby improving combustion charac-
teristics. The product generated for one of the 
sponsors, Minnesota Power Company (MPC), was used 
for combustion and agglomeration tests, and the 
resulting data were used in designing a demonstra-
tion plant for another Clean Coal Technology Ill 
solicitation,	 lOT has signed a letter of intent with 
MPC to license its wet carbonization technology for 
this facility. The product coal generated for the 
second sponsor was shipped overseas for additional 
testing evaluation. 

Coal and Ash Chemistry 

lOT completed a DOE-sponsored program with the 
development of a mathematical model that predicts 
the behavior of coal ash in fluidized-bed gasifiers 
which use limestone as an in-bed sulfur capture 
agent.	 The effects of viscosity, temperature, and

particle hydrodynamics on ash behavior and discharge 
were determined. The information led to the 
development of a model of coal ash behavior in such 
a system. 

In the third year of a related project funded by Gal 
(Gas Research Institute) and the CRSC, IGT deter-
mined the rate of reaction for several calcium-based 
sorbents to establish a relationship between the 
reactivity and the physical properties of the sulfur 
capture agent. 

Fluldlzatlon Rearch 

As part of a DOE program to develop a pressurized 
fluidized-bed hydroretorting process for Eastern oil 
shales, IGT completed fluidization tests to determine 
the most advantageous way to fluidize cohesive, 
ultrafine (10 micron) beneficiated oil shale particles. 
Gas feed to the bed was tested in both the con-
tinuous and low-frequency pulse modes. Pulsed-gas 
feed improved solids mixing. 

Researchers developed a technique for E.I. du Pont 
de Nemours and Company to transport large (three-
inch) chunks of refractory brick through a vertical 
pneumatic conveying line. A method to feed solids 
to a pressurized fluidized bed using an automatic 
nonmechanical L-valve was also developed for 
Du Pont. 

IGT's unique high-pressure fluidization facility was 
used to determine the effect of high pressure on 
the entrainment of polyethylene beads for Atochem, 
a French plastics company. 

For DOE, lOT continued to participate in the 
development of a second-generation pressurized 
fluidized-bed combustion system as a subcontractor 
to Foster Wheeler Corporation. 

Catalysis 

lOT participated in a test at Gaz de France's Al-
fortville, France, pilot facility as part of the 
development of a sulfur-tolerant methanation catalyst 
for the GRI. A simulated gasifier product gas con-
taining hydrogen sulfide was processed by the 
catalyst for 30 days. A commercial start-up proce-
dure was also developed. This is the largest-scale 
test of the GB] catalyst to date. lOT also began a 
new program for GEl to study the production of 
arylolefins by the reaction of methane with other 
hydrocarbons.	 This program Is an outgrowth of a 
program on the catalytic coupling of methane. 

on Shale 

For the second year, lOT continued work on a 
three-year program funded by DOE to develop a 
pressurized fluidized-bed hydroretorting (PFH) process 
for Eastern oil shales. The program includes 
research on shale grinding, beneficiation, desulfuriza-
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tion, de nit rification, and environmental and system	 blotechnologists are using enrichment techniques 
analyses.	 Subcontractors to LOT on the program in- 	 similar to those used for coal to develop cultures 
clude the University of Alabama, Illinois Institute of 	 capable of removing sulfur and nitrogen from oil 
Technology, University of Michigan, University of 	 shale.	 Tests with the lOT-developed mixed cultures 
Nevada, University of Pittsburgh, Ohio State Univer- 	 have shown about 20 percent sulfur removal from 
sity, and Tennessee Technological University, 	 Indiana New Albany shale. 

lOT's work is aimed at the laboratory-scale deter-	 Molten Carbonate Fuel Cells 
mination of the effects of temperature, pressure, 
particle size, residence time, and degree of preheat- 	 Last year marked the second year of work under 
Ing on oil shales from Indiana, Alabama, Kentucky,	 lOT's two-year $10.8 million contract with DOE for 
Michigan, Ohio, and Tennessee. PFH oil yields about	 the scale-up of molten carbonate fuel cells based on 
230 percent higher than Fischer Assay yields have 	 lOT's LMHEX stack-design concept. 	 lOT conducted 
been achieved.	 An existing high-pressure, high-	 two more tests of its one-square-foot prototype 
temperature	 test unit	 was	 modified to study	 stack, which showed that it can achieve state-of-
fluidized-bed hydroretorting of Eastern shales at the 	 the-art performance equivalent to that achieved in 
bench-scale level.	 Both crushed and beneficlated	 the laboratory. The success of these stack tests is 
Eastern oil shales will be tested.	 a major step in the commercialization process. 

M-C Power (MCP), a 51 percent-owned subsidiary of 
LOT completed the development of data for the dis-	 lOT, will eventually be the commercializer of this 
charge of oil shale from high-pressure vessels using 	 fuel cell design.	 IGT will provide all future 
Its restricted pipe discharge system. They also con- 	 research and development support for component and 
ducted PFH tests to evaluate several shales for an 	 fabrication Improvements and for performance and 
Industrial sponsor,	 determining the effects of 	 endurance testing at the one-square-foot level. 
hydrogen pressure, preheat temperature, and catalysts 
on product yields and quality.	 In-house research efforts demonstrated the successful 

fabrication of porous subscale stack components by 
U-GAS	 tapecasting--a simple ceramic-forming technique for 

producing thin flat substrates. lOT's initial tapeeast-
lOT successfully negotiated the licensing of its 	 ing capacity was up to six components per day--a 
U-GAS technology with Tampella Ltd., a large Finnish 	 rate that will be at least doubled with recent 
company.	 Tampella's main interest is to use the 	 equipment modifications. lOT's tapecasting technology 
U-GAS process In integrated gasification combined- 	 has been transferred to MCP for scale-up to com-
cycle plants for generating electricity. Tampella and 	 mercial size. The new MCP facility currently under 
LOT have started constructing a U-GAS based pilot 	 construction will be capable of casting the largest 
plant in Finland that will be used to train Tampella	 tapes of any facility in the United States specifi-
engineers and to perfect the system for the	 cally designed and operated for fuel cell components. 
gasification of various feedstocks. The plant, which 
will be capable of operating with coal, peat, and 	 One of the long-term endurance issues facing the 
biomass, will operate at 500-psi pressure using steam 	 molten carbonate fuel cell (MCFC) is the gradual 
and air or oxygen. As part of the agreement, LOT 	 dissolution of the cathode.	 Under a DOE-sponsored 
grazted Tampella licensing rights for use of the 	 program, 101 is working with the University of Min-
U-GAS process in selected parts of the world, 	 nesota to identify a technical solution to the 

problem.	 In another DOE-sponsored program, lOT is 
Sulfur Removal from Coal	 working with the Illinois Institute of Technology 

Research Institute to study corrosion in the MCFC 
In a previous DOE-sponsored project, lOT biotech-	 environment.	 Under a contract with the Electric 
nologists isolated a mixed bacterial culture, called	 Power Research Institute (EPRL), lOT is developing a 
IGTS7, that can remove the organically bound sulfur 	 framework for statistical failure analysis of fuel cell 
in	 coal without	 consuming significant carbon;	 components. 
however, the treatment times required by this cul-
ture are long.	 Recent DOE-sponsored efforts have	 As the MCFC approaches commercialization, more em-
focused on the use of molecular biology to produce 	 phasis is being placed on the development of new 
improved cultures having enhanced rates for removing	 materials.	 LOT completed a two-year program for 
organic sulfur from coal. 	 A pure bacterial strain, 	 DOE to Identify and develop alternative anode 
IGTSB, isolated from LGTS7, has been shown to be 	 materials for use in MCFCs operating with high 
capable of specifically cleaving carbon-sulfur bonds. 	 levels of sulfur contaminants In the fuel. This led 
The genetic basis of this ability is being inves-	 to a new DOE program to study lithium ferrate as a 
tigated, and improved bacterial cultures are being	 raw material for fabrication of Inexpensive fuel 
developed and evaluated using coal and petroleum.

	

	 electrodes.	 Under EPRI sponsorship, lOT is also 
evaluating copper as a possible low-cost anode. 

Sulfur and Nitrogen Removal from Eastern Oil Shale
International Initiatives 

The removal of sulfur and nitrogen from oil shale 
prior to hydroretorting reduces hydrogen consumption 
and has the potential of improving overall process 
economics.	 In a DOE-sponsored program, lOT

The MCFC stack design and fabrication know-how 
developed by lOT was used by one of Its partners in 
the scaleup to six-square-foot eels. 	 This cell 
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design and demonstration made direct use of IGT's 
MCFC components and hardware technology. Another 
partner in The Netherlands successfully operated a 
one-kilowatt stack test this summer. lOT has also 
embarked on a program with a British gas company 
to provide bench-scale fuel cells for their testing 
and evaluation. 

NCA URGES "MARSHALL PLAN" FOR NATIONAL ENERGY 
STRATEGY 

The National Coal Association (NCA) has urged Con-
gress to work with the Bush Administration to 
develop policies and programs that will bring about 
a long-term national energy plan for the United 
States. 

"The Congress and the administration have an un-
precedented opportunity to develop and implement a 
national energy plan that would achieve relative 
energy independence and energy security over the 
long-term," NCA President R. L. Lawson told the 
House Committee on Banking, Finance and Urban Af-
fairs Subcommittee on Economic Stabilization in 
November. 

"Unfortunately, the United States does not now have 
policies in place that will permit us to meet energy 
demand in the future without seriously jeopardizing 
our energy security," he testified. "F0 the contrary, 
policies that are now being debated in the Congress 
could substantially increase the possibility the United 
States will not be able to meet energy demands in 
the future or could only do so at the great risk of 
a sharp increase in costs and in dependence on im-
ported energy sources." 

Law'son told the subcommittee that the objective 
must be to reverse the increase of oil Imports into 
the United States and to begin driving oil out of 
the economy until we no longer are so totally de-
pendent on that resource. This strategy for energy 
security will require that we rationalize all our 
domestic energy resources to ensure we get the best 
efficiency and economy from each, he testified. 

Lawson stressed that the time to develop a national 
energy strategy has never been better, yet It ap-
pears the administration and Congress seem to be 
working at odds with this opportunity. For example, 
proposed actions to amend the Clean Air Act and to 
take unilateral actions to reduce emissions of CO 2 In 
response to a perceived problem of global warming 
make it difficult, if not impossible, for the Unites 
States to achieve any measure of energy security 
for the next several decades, he testified. This is 
because these actions would effectively preclude any 
Increase in the use of coal and might Instead en-
courage a decline. 

Lawson said the acid rain control legislation now 
pending in Congress would severely limit the United 
States' options for meeting its energy needs In the

1990s and beyond, is excessively costly, and includes 
inflexible deadlines and an overly restrictive growth 
cap. 

Equally serious and with far greater implications for 
the country's energy and economic future are global 
warming proposals now being put forth by some seg-
ments of the administration and the Congress, Law-
son testified. 

The global warming debate is accompanied by demand 
that action be taken now to negotiate and imple-
ment international agreements to reduce emissions of 
carbon dioxide over a fixed time. Such policies 
would be devastating to the energy security and 
economic well-being not only of the United States 
but of the world.	 This would require a sharp cut 
in fossil fuel use at utilities and elsewhere, with no 
reasonable alternative source of energy. Coal 
use--the target of all proposals--would be forced to 
decline sharply across the board. Yet, global warm-
ing Is an issue with no agreement among scientists, 
he pointed out. 

Lawson called for the United States to attack the 
perceived global warming threat through a "Marshall 
Plan" type initiative aimed at accommodating the en-
vironmental, energy and economic meeds of develop-
ing countries, while preserving the ability to utilize 
all domestic energy sources. 

He explained that Immediately after World War II, 
the United States undertook a highly successful 
program to rebuild a devastated international 
economy. He said a similar effort should be part of 
an effective response to international concerns about 
the greenhouse effect and climate, 

"During	 the next	 decade,	 the	 world's	 economic 
powers	 should seek	 to	 create,	 through	 the	 develop-
ment	 and	 deployment of	 new	 technologies,	 energy 
that	 not	 only provides	 power,	 but	 also	 meets	 the 
obligations	 to maintain	 global	 environmental	 quality. 
In	 particular, the	 world-wide	 commercialization	 of 
United	 States clean	 coal technologies	 could	 have	 a 
substantial	 beneficial effect	 in	 reducing	 not	 only 
CO 2	 emissions through	 Increased	 power	 plant	 ef-
ficiencies,	 but those	 of sulfur	 dioxide	 and	 nitrogen 
oxides	 as	 well."

He stressed that a "Marshall Plan' concept for coal 
technology is a current plan that will advance 
energy security and the economics of all nations. 

ORNL SETS UP CENTER FOR GLOBAL 
ENVIRONMENTAL STUDIES 

Oak Ridge National Laboratory (ORNL) has established 
a new Interdisciplinary center to study environmental 
issues that are larger in scale and that operate over 
longer	 periods	 than	 traditional	 environmental 
research.	 This Center for Global Environmental
Studies focuses on Issues such as climate change, 
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stratospheric ozone depletion, globally distributed 
contaminants, water resources, deforestation, loss of 
biodlverslty, resource depletion, and cumulative im-
pacts of urbanization. 

The analysis of how the global carbon cycle affects 
climate has been the core of OIINL's research for 
the United States Department of Energy on the 
biophysical aspects of global environmental change. 
The new center expands the scope of this research 
to include the roles of deforestation and greenhouse 
gases other than carbon dioxide in climate change. 

Not only does the center seek to understand how 
environmental processes operate globally, it studies 
how global changes impact specific landscapes and 
regions. Such impacts Include transformations of 
unmanaged ecosystems, changes in opportunities and 
resources for urban and rural development, indirect 
impacts on disease patterns, and direct consequences 
of atmospheric change for human health.

Research into the human actions that may lead to 
global environmental change is pursued along with 
the implications of such change for energy systems 
and for societies. Substitutes for chlorofluorocarbons 
are sought for energy applications, energy tech-
nologies are evaluated for their environmental and 
socioeconomic impacts in both developed and 
developing nations, and human behavior leading to 
land-use change, thus resulting in environmental con-
sequences, is analyzed. 

Economic and policy analyses of decision-making sys-
tems for management of the global commons are also 
actively addressed. 

Global data bases, such as those of ORNL's Carbon 
Dioxide information Analysis Center, are used to 
develop emissions projections and to validate global-
scale models that couple the atmosphere, the bio-
sphere, and the oceans. 
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GOVERNMENT 

DOE WARNS OF DETERIORATING DOMESTIC OIL AND 
GAS PRODUCTION 

Deputy Secretary of Energy W.H. Moore told Congress 
that domestic production of oil is declining, Imports 
are increasing and "now is the time" for Congress 
and the Administration to work together to "stop the 
deterioration of our oil and gas production Industry 
that has occurred over the past few years." 

In testimony before a House Committee on Ways and 
Means subcommittee, Moore expressed Department of 
Energy support for certain proposed tax incentives to 
encourage domestic oil and gas exploration and 
production. Pointing out that United States oil 
production Is at Its lowest point In 25 years, he 
said production during the first nine months of 1989 
has fallen an average of 480,000 barrels a day, or 
six percent, compared to last year, "the largest 
year-to-year drop In United States history." 

Deputy Secretary Moore's testimony represented an 
unprecedented level of Department of Energy (DOE) 
involvement in energy tax matters. Moore, who pre-
viously served on the House Ways and Means Com-
mittee,	 exhibited the department's new activist 
direction.	 Moore stated that "the Department of 
Treasury has the lead on revenue issues. We are 
very pleased, however, that in the Bush Administra-
tion the Treasury Department consults and works 
with the Department of Energy on energy tax 
matters." 

Moore said that DOE, currently developing the Na-
tional Energy Strategy, believes that "a truly effec-
tive strategy must make provision for a healthy oil 
and gas industry. Oil and gas account for about 
two-thirds of our nation's energy requirements, and 
they will continue to be our primary energy sources 
for years to come." 

"We cannot afford to let our domestic crude oil 
production continue to decline at Its current rapid 
rate," he said. 

Moore noted that President Bush proposed a set of 
tax incentives in February 1989 which were designed 
to encourage exploration for new oil and gas fields 
and continued operation of existing fields. The in-
centives represented a temporary tax credit for cer-
tain exploratory drilling costs, a temporary tax 
credit for new enhanced oil recovery projects, and a 
provision permitting independent producers to deduct 
from their income for alternative minimum tax pur-
poses a portion of their exploratory drilling costs. 

These proposals, he said, would encourage additional 
exploratory drilling by independent producers who 
have been especially hard hit by lower prices and 
extend production of numerous marginal wells owned 
by majors and slated for abandonment because of 
high operating costs.

DOE MAKES NEW ROUND OF PHASE I AWARDS IN 
SOuR PROGRAM 

A total of 154 Phase I awards were mode in Fiscal 
Year 1989 under the Small Business Innovation 
Research (SBIR) program in the United States Depart-
ment of Energy (DOE). This program, now completing 
its seventh year, was established in compliance with 
the Small Business Innovation Development Act, Public 
Law 97-219. 

As prescribed in the legislation, the program Is 
designed for implementation in a three-phase process, 
with Phase I determining the scientific or technical 
merit and feasibility of ideas proposed for investiga-
tion.	 The period of performance In this initial 
phase is typically about six months, and the awards 
are limited to $50,000. Phase II is the principal 
research or research and development effort, and the 
awards are as high as $500,000 for work to be per-
formed in periods of up to two years. Phase Ill is 
the commercial application of the research or 
research and development effort by small businesses 
using non-federal funding or, alternatively, it may 
involve follow-on non-SOIR federal contracts for 
products or services desired by the government. 

The 154 projects were selected from a total of 
1,543 proposals received in response to the 1989 
Solicitation. 

Brief abstracts of the programs having potential ap-
plications to synthetic fuels follow. 

Characterlzathm, DlstribitIa of PernnNlity, and 
Predictive Perfcrmance for Rervoirs Encountered by 
Horizontal Boreholea--RPI lnteniatknal, Inc., Boulder, 
Colorado 

The Phase I study will investigate the character and 
distribution of permeability through a reservoir-
quality sandstone body as it is encountered In a 
horizontal borehole. Extensive, continuous horizon-
tally oriented cores will be obtained from two core 
holes, each extending up to 250 feet into a fluvial 
sandstone complex of a Dakota Formation 
(cretaceous) that is well-exposed along the east 
flank of the Split Mountain Anticline near Vernal, 
Utah.	 The sedimentological features and related 
permeability character and distribution will be 
analyzed. Through this analysis, better approaches 
will be developed to modeling the three-dimensional 
distribution of permeability and fluid movement 
potential of complex sandstone reservoirs to study 
hydrocarbon production where these structures are 
tapped by horizontal boreholes. This 
geological/engineering study is needed to keep pace 
with the rapidly advancing technology of horizontal 
drilling and the production of hydrocarbons from 
horizontal drainholes. This investigation and possible 
expanded Phase Ii study would serve as a "landmark" 
investigation of reservoirs. 

1-5	 SYNTHETIC FUELS REPORT, DECEMBER 1989



The project Is expected to have commercial applica-
tion to the petroleum industry's ability to evaluate 
the feasibility of reservoir development with horizon-
tal boreholes. Given the greater initial cost of such 
reservoir development, there is a need to quantify 
the internal variability of reservoir fades and thus 
more accurately define the payout schedule on 
horizontal wells. 

Oxidative Denitriticatka, of Shale Oil--KSE, Inc, 
Amherst, Massachusetts 

Although substantial progress has been made in 
retorting technology, shale oil processing Is costly 
owing to high levels of nitrogen as well as arsenic, 
iron, and (sometimes) suspendable solids. The techni-
cal feasibility of using oxidative denitrification will 
be evaluated for upgrading shale oil to about 
1,000 ppm, which is suitable for use as a syncrude 
in existing refineries. Controlled oxidation conditions 
directed at activating nitrogen heteroatoms with 
minimal formation of residue will be employed, 
coupled with selective extraction solvents for remov-
ing activated heteroatoms. Specialty and bulk uses 
of the byproducts will be identified, permitting large 
scale adoption of oxidative denitrificatlon to shale 
oil upgrading. Coat estimates will be developed. If 
successful, the technology will provide a nitrogen 
rejection alternative to hydrotreating, analogous to 
the carbon rejection alternative (coking) in heavy 
crude upgrading. Hydrogen consumption thus should 
be similarly minimized in upgrading/refining raw shale 
oils. 

If the technology is successful, it should improve the 
net return on shale o1l, thereby enhancing resource 
utilization. 

Development of the Aerated Flow Contustor for High 
Efflciency, Clean Combustion of Coal--Comlxmtlon 
Sflenn, Inc., Silver Spring, Maryland 

The Aerated Flow Combustor (AFC) is a new, ad-
vanced concept of combustor design, applicable to 
the high efficiency, clean, direct combustion of coal, 
coal slurries, most solid and liquid fuels, and haz-
ardous wastes. AFC is based upon an advanced, in-
tegrated, interdisciplinary combination of tech-
nologies, including fluidized bed combustion, aerated 
flow of solids,	 and circulation-loop gas-solids 
catalytic reactor technologies. The process retains 
the advantages of fluidized bed combustion, but 
eliminates the elutriation of fines from the combos-
tor and the bypassing of gases without complete 
combustion. The AFC represents a third generation 
of the fluidized bed combustion process. 

The advantages of the AFC process include combus-
tion efficiencies that can, in concept, approach com-
plete combustion. Extremely low emissions of sulfur 
dioxide, nitrogen oxides, carbon monoxide, hydrocar-
bons, polyaromatic hydrocarbons, and carbon-
containing particulates are also expected. The AFC 
process is exceptionally flexible with respect to fuel 
variability and can accommodate low value, high ash 
solid fuels such as oil shale, wood, or municipal

refuse. It is particularly well suited to the combus-
tion of solid or liquid hazardous wastes. Phase I 
will comprise a technical evaluation and feasibility 
study; a cold model design, construction, and ex-
perimental evaluation study; quantitative development 
of engineering correlations based on theory and cold 
model data; and preliminary design of a small pilot 
facility that will serve as a fully operational small 
commercial unit, as well as an Instrumented testing 
prototype during Phase II. 

The combustor is said to represent a radical advance 
in the technology of combustion not just for coal, 
but for other materials as well. In particular, it 
represents a highly efficient combustor for coal, 
coal/water slurries, wood, refuse, hazardous wastes, 
and other forms of solid or liquid fuel. The process 
will also have applications in coal gasification and 
oil shale retorting. Also, as a companion combustor 
to a fluidized bed boiler, it allows for the complete 
combustion of high carbon fly ash,	 which is 
presently discarded. The process should also be 
capable of meeting or falling below any emissions 
limits that are deemed necessary for the control of 
acid rain. 

Biological Production of Hydrogen --Engineering 
Resources, Fayetteville, Arkansas 

Coal contains approximately equal molar amounts of 
hydrogen and carbon; synthesis of liquid fuels or 
methane requires at least twice as much additional 
hydrogen. The removal of large quantities of 
heteroatom components from tar sands oils and shale 
oils requires large amounts of hydrogen. Hydrogen 
produced catalytically by the water gas shift reac-
tion is expensive, seriously obstructing the applica-
tion of alternative fuels technology. This project 
involves a unique biological system to carry out the 
water gas shift at ordinary temperatures and pres-
sure with stoichlometrie yields and high energy ef-
ficiency. Biological shift conversion offers the 
potential for a simple and economical means of 
producing hydrogen. Phase I will define the optimal 
conditions for performance of the anaerobic bacteria 
R. rubrum in producing 112 from CO and H20. 
Intrinsic kinetic parameters will be determined, and 
continuous reactor studies will be conducted to 
define minimum retention times and reactor volumes. 
Models for conversion and mass transfer will be 
prepared. Economic projections for large scale 
hydrogen production will then be made to assess 
feasibility. 

Data to define the optimal performance of the bac-
teria in continuous culture will allow scaleup and 
economic assessment. Phase 11 will involve bench-
scale operation with analysis of mass transfer and 
reaction kinetics. Bioreactor design Is expected to 
be critical, and advanced bioreactor concepts (e.g., 
high pressure, non-aqueous fermentation, and solid 
state fermentation) will be investigated. These con-
cepts have the potential to reduce retention time to 
seconds, which should make this technology attrac-
tive economically. 
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Method, of Increasing Coal Content in Ultra-Flnc 
Coal Water Slurries--Otisca industries, Ltd., Syracuse, 
New York 

In developing coal slurry fuels to replace oil and 
gas in utility and industrial steam generation and in 
diesel and turbine engines, coal purity and rheologi-
Cal specifications have been attained at the expense 
of the fuel's energy value. The result of this con-
cession is the derating of boilers, reduction in ef-
fective storage capacity, and reduced ranges and 
added weight in transportation applications. Two 
methods for increasing the coal content in ultra fine 
coal slurry fuels have been identified and will be 
explored in Phase 1. When developed, these will in-
crease the energy value of the fuel by as much as 
20 percent. The first procedure involves adding 
surface-modifying chemicals to exploit the increased 
fluidity of aqueous suspensions of particles having 
the surface property of hydrophobicity. In the 
second method, the coal slurry fuel is subjected to 
intense, localized mechanical shearing that conditions 
the morphology of the coal particles and improves 
slurry fluidity. The methods will be explored in 
detail to provide a thorough understanding of the 
controlling variables and allow systems to be op-
timized for their implementation in coal slurry fuel 
production. 

By these methods, it is expected that as much as 
10 weight percent of the coal may be added to the 
slurry to enrich the fuel's energy value by as much 
as 20 percent. This technology offers a direct solu-
tion to the space and weight limitation problems 
facing those trying to use coal slurries as transpor-
tation fuels in diesel and turbine engines. The ad-
ditional energy value will reduce the derating of 
boilers encountered when converting from oil to coal 
slurry fuels and will reduce the required fuel 
storage facilities by as much as 20 percent. 

Low' Cost Ceramic Support for High Temperature Gas 
Separation Membranes--CeraMem Corporation, Wal-
tham, Massachusetts 

The Department of Energy Is sponsoring research on 
the development of ceramic membranes for high tem-
perature gas separations associated with coal conver-
sion processes. For such membranes to be of com-
mercial utility, they must be incorporated into a 
suitable low cost membrane module. 	 Such modular 
assemblies are not currently available. In this 
project, a ceramic membrane support structure based 
on honeycomb ceramic monoliths will be developed. 

The support structure is completely ceramic, has a 
high membrane packing density, and will have a low 
production cost. This structure Is intended for sub-
sequent coating by gas separation membranes 
deposited by processes such as slip casting, solution 
impregnation, chemical vapor deposition, and plasma 
deposition.	 It will be suitable for application of 
diffusive,	 facilitated	 transport,	 or	 catalytic
membranes. 

In Phase I, lab scale devices will be fabricated and 
tested. The monolith structures will be cylinders of

one inch diameter and one foot length.	 Surface
area for membrane coating will be about 1.5 feet 
square. Testing will demonstrate the structure's 
suitability in terms of gas permeability, fineness of 
pore size, and temperature and pressure ratings. In 
Phase II, full scale devices will be fabricated and 
tested with gas separation membrane coatings. Such 
devices will be cylinders of 5.66 inches diameter and 
three feet length, with membrane area of about 
170 square feet. 

Successful development of a low cost ceramic 
membrane module for hot gas separations will 
facilitate the acceptance of membrane technology in 
coal gasification processes. Temperature capability 
is a major limitation to the use of current gas 
separation membranes In many applications. Success 
in this project could eliminate such temperature 
limitations insofar as they arise from non-membrane 
materials used in module construction. 

Improved Ceramic Catalyst Supports for Coal 
Liquefaction--Aker industries, Inc.., Oakland, California 

Through fabrication and testing, this project will 
demonstrate an Innovative technique for fabricating 
ceramic catalyst supports that offers the potential 
of lower production cost and an improved product 
for use in high temperature corrosive environments. 
Phase I will include several steps: fabricating initial 
silicon carbide catalyst supports for testing their 
mechanical, physical and catalytic properties; modify-
ing the fabrication process to form improved ceramic 
catalyst supports; testing these Improved supports 
and then evaluating their performance in a coal li-
quefaction reactor; and recommending improvements 
In their design and fabrication process for evaluation 
in Phase H. 

If successful, this fabrication technique will result in 
the development of a production process for inex-
pensively forming ceramic catalyst supports that ex-
hibit high reliability at high temperature in corrosive 
and erosive environments, high surface area and 
catalytic reactivity, and the potential for high 
throughput owing to their Isothermalizing and con-
trolled uniform heating capability. The potential 
commercial applications include catalytic systems for 
coal liquefaction and coal-energized fuel cells, high 
temperature catalytically activated chemical process-
ing, and applications requiring high catalytic activity 
in corrosive and erosive environments. 

Three Dimensional Braiding Technology for Preform 
Fabrication of Structural Ceramic Composite Shapes 
for Fossil Energy--Braidteeh, me., Malvern, PennsyP 
vmda 

Phase I aims to demonstrate the feasibility of 
fabricating preforms for ceramic composite shapes of 
interest to fossil energy by using proprietary three-
dimensional braiding technology. High performance 
ceramic composites, operating in extreme conditions 
of temperature and corrosive environment, require 
preform architectures that can provide toughness, 
strength, and a capacity to eliminate failure from 
incipient crack formation in the ceramic matrix. 
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This requires a three-dimensional fiber architecture, 
providing strength and stiffness in all directions and 
an intertwined network of fibers capable of 
confronting--and deflecting--any cracks that may 
form in the host matrix during operation. This 
crack containment results in damage containment and 
continued operation of the ceramic composite com-
ponent.	 Lifetime and reliability should be greatly 
extended. Three-dimensional braids operate Success-
fully in polymeric composites. They provide rein-
forcement and enhance mechanical properties in 
three dimensions, extend life-time and reliability, and 
provide damage tolerance of a high degree. Al-
though the failure mechanisms appear different for 
ceramic eomposites, the existence of these braided 
preforms is expected to have comparable effects on 
ceramic composites. 

Phase I selects refractory fibers and will attempt to 
make preforms from them, using three-dimensional 
braiding technology, in shapes of interest to fossil 
energy. Various fiber architectures will be made to 
determine the flexibility of the refractory fibers to 
operate in the range of fabrication capability of the 
braiding technology. 

Successful preforms must be incorporated into 
ceramic matrices. A successful ceramic composite 
formation will offer the capability to make high 
performance parts that can operate successfully, and 
for long times, In extreme thermal and corrosive en-
vironments. The temperatures for operation are in-
creased, Increasing efficiency and reducing operating 
costs. Ceramic composites using three-dimensional 
braided preforms will permit advances in fossil 
energy technology and also find broad application in 
such industries as gas turbine engines, nuclear 
power, missiles, chemical processing, and metallurgi-
cal processing. 

Cofroslon Resistant Carbons for Air Cathodes in 
Phosphoric Acid Fuel Cells--The Electrosynthesis Com-
pany, Inc., East Amherst, New York 

A key problem in the success of phosphoric acid 
fuel cells is the oxidative corrosion of catalyzed air 
cathode carbons.	 in Phase I, the use of corrosion 
stable, specifically fluorinated carbons will be 
evaluated as potential catalyst supports. These will 
be characterized, fabricated into air cathodes, and 
tested in concentrated phosphoric acid solution at 
about 200EC. Improvements in corrosion stability 
over untreated carbons will be determined. Phase II 
studies will involve optimization of fluorine content 
and graphitization level in the carbons to provide 
further improvements in corrosion resistance. 

A number of stable corrosion resistant carbon 
cathodes for phosphoric acid fuel cells will be 
developed, with particular application to cells with 
superior oxygen reduction catalysts. This should 
result in improved fuel cell performance and lower 
operating cost.

NEW SluR SOLICITATION TARGETS SYNFUKLS 
TECHNOLOGIES 

The United States Department of Energy (DOE) has 
issued a new solicitation for proposals under the 
Small Business Innovation Research program. Al-
though the program has seen a steadily decreasing 
emphasis on synthetic fuels, there are still several 
areas, listed in the following, where grant applica-
tions are being solicited.	 The due date for
proposals is January 23, 1990. 

Hot Gas Stream Cleanup 

Removal of contaminants from hot gas streams fed 
to downstream equipment is essential to the success-
ful development of advanced coal utilization and 
conversion processes. Contaminants of interest are 
particulates, nitrogen, sulfur, alkali, and tar com-
pounds. The objective of this subtopic Is to develop 
innovative, effective, and economic processes for 
high temperature clean-up devices for coal-fueled 
diesel, gas turbine systems, fuel cells, unconventional 
fuels, and coal/liquids by catalytic synthesis. Grant 
applications are sought that address techniques for 
(1) removing physical and chemical contaminants to 
levels that are compatible with diesel, gas turbine, 
and fuel cell systems, (2) reducing emissions to 
levels below the promulgated standards for pulverized 
coal boilers, or (3) reducing gas stream contaminants 
to levels that are compatible with liquids production. 
Separations may also be accomplished by high tem-
perature, high pressure membrane systems. 	 Grant
applications are sought on processes with multi-
capability contaminant control, a desulfurization 
process to produce elemental sulfur directly, and the 
utilization of catalysts on particulate filters. 

Gasification and Mild Gasification 

The objective of this subtopic is to initiate or ad-
vance the development of processes that convert 
coal to gaseous fuels, hydrogen, or clean carbon. 
Interest includes mild gasification processes that 
convert coal to liquids, gases, and solids. Grant ap-
plications are invited that emphasize significant 
process cost improvements by way of Innovative 
process chemistry, reaction concepts, and catalyst 
systems. 

Grant applications are sought on identification of 
novel reactor concepts for mild gasification that en-
compass high throughput, greater and higher quality 
liquid yields, and more compact, simpler systems 
based on a modular approach using the reactor con-
cept and on the utilization of the "heavy ends" 
produced in the mild gasification proôess for use as 
a feedstock for asphalt applications. 

Grant	 applications	 are	 also sought	 to Initiate	 or ad-
vance	 the development	 of novel	 techniques	 for the 
production of synthesis gas for use with	 "indirect li-
quefaction" processes	 from various	 coals	 and	 coal-
based	 char that	 promise	 to	 provide	 significant im-
provement in the production costs.
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Grant applications are invited for the use of 
catalyst systems, separation concepts, and integrated 
reaction mechanisms that would permit multiple reac-
tions, such as gasification reactions and water-gas 
shift reactions, to occur In a single reactor. 

Oil Shale and Tar Sent 

The Department of Energy seeks innovative methods 
and concepts that will allow more efficient, effec-
tive, economical, and environmentally acceptable 
enhanced recovery of syncrude (bitumen) from oil 
shales and tar sands. Innovative research can 
enhance process economies by providing improvements 
to present technical approaches. 

Improvements can be made in the entire oil shale 
process, from mining and materials handling through 
retorting and extraction to upgrading and finishing. 
Grant applications are desired on (1) beneficiation 
techniques that would reduce the mineral matrix 
material in raw shale that must be handled in 
retorting/extraction processes, (2) alternative ap-
proaches to kerogen conversion that minimize the 
production of gas and residual organic carbon (char), 
and maximize the production of oil, (3) methods of 
preventing the decrepitation and/or attrition of rich 
western shales in hot solids recycle processes, 
(4) novel methods of removing nitrogen, arsenic, iron, 
and shale fines from raw shale oils, (5) methods of 
minimizing hydrogen consumption in the 
upgrading/refining of raw shale oils, and (6) novel 
higher value uses for oil shale retorting products 
and by-products. 

Two of the most difficult problems In the recovery 
of tar sands bitumen from reservoirs through the use 
of Injected fluids are low displacement efficiency 
and low volumetric sweep efficiency when a low 
miscibility fluid is used. Grant applications are 
sought on (1) new approaches, such as a combination 
of 6team flooding and in situ combustion with other 
processes, to accomplish more effective displacement 
of the heated bitumen, (2) new ideas for surface 
extraction processes for the recovery of tar sands 
bitumen, and (3) innovative approaches to overcome 
processing aspects of resource variability and enable 
wider resource applicability and process efficiency. 

Coal-Based Liquids 

The liquids initially made from coal contain 
molecular complexes that are larger than the 
molecular units In the coal from which the liquid is 
produced. thus, retrogressive condensation reactions 
compete with depolymerization reactions. Grant ap-
plications are sought to enhance the depolymerizatlon 
reactions while repressing the condensation reactions. 
This objective might be achieved by a number of 
means which include (1) soluble catalysts or catalyst 
Precursors; (2) very fine suspended catalysts; 
(3) modification of solvents to increase hydrogen 
transfer or physical solvency; (4) chemical pretreat-
ment of the coal; (5) physical pretreatment of the 
coal; and (6) novel process conditions or apparatus 
to reduce mass and heat transfer limitations.

Improved methods are sought for removal of solids 
from coal reaction products and recovery of dis-
persed catalyst. Supported catalysts for promoting 
distillate production after initial dissolution arc 
sought that have higher reactivity and lower rates 
of deactivation from either coke or metals, or both. 

Novel instrumentation or analytical methods are 
solicited to (1) measure chemical reactions in situ, 
(2) determine the effect of chemical and physical 
pretreatments on the coal structure, or (3) measure 
accurate process stream flows and compositions. 

Coprocessing of heavy oil and coal is a promising 
new technique. Grant applications are sought for 
(1) better understanding of the chemistry of inter-
action between the residue and the coal, (2) im-
proved demetallization, or (3) novel techniques for 
the production of hydrogen from various coals and 
coal-based chars for use in direct liquefaction. 

Indirect liquefaction consists of conversion of mix-
tures of carbon monoxide and hydrogen into liquid 
fuels. Grant applications are Invited for (1) im-
proved methods of methanol synthesis and of novel 
single step processes for producing gasoline and 
diesel hydrocarbons, (2) simpler routes to higher al- 
cohols and ethers that can be used as octane 
enhancers, (3) novel catalyst systems making use of 
modem methods of materials science to facilitate 
the desired reaction sequences (these should be more 
active, more stable, and more selective than conven-
tional catalysts), (4) process schemes which make 
more effective use of heat generated in synthesis, 
(5) novel systems which convert methane directly 
into liquids or liquid precursors, or (6) improved in-
strumentation and analytical techniques that allow 
on-line determination of process stream composition 
or improve characterization of catalysts. 

BIoca,venlai of Fossi l Energy Resources 

Grant applications are sought on types of biotechni-
cal resource modification that include conversion of 
fossil energy resources to liquid or gaseous fuels, 
viscosity reduction of high viscosity materials, or 
release of organic materials bound in inorganic 
matrices, such as kerogens bound in oil shales. All 
fossil energy resources are of interest under this 
subtopic, e.g., coal, char, natural gas, synthesis gas 
(11 2 + CO), heavy oils, tar sands, and oil shale. 
Grant applications are Invited on microorganisms, en-
zymes, or other products of microorganisms that 
have the ability to modify the structure of fossil 
energy resources and result In a fuel form that is 
more amenable to utilization, or requires minimum 
upgrading or processing. Biocatalysts In nonaqueous 
systems and Immobilized cell systems are also of in-
terest. Grant applications are also sought for 
research on the biochemical mechanisms by which 
these conversions occur.

### it 
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NATIONAL ENERGY STRATEGY HEARINGS CHUG ALONG The second round hearings were scheduled as follows: 

In November, Secretary of Energy James D. Watkins 
announced a second series of hearings to develop a 
National Energy Strategy. The hearing were 
scheduled to be held In regions across the country 
from December 1-14. They were designed to address 
topical Issues ranging from the domestic energy 
resource base to global climate change. 

"We learned from the first round of hearing that 
there are significant energy-related differences 
among the various regions of the country," Admiral 
Watkins said, "We clearly must take these regional 
differences and consider them In the context of 
energy production, distribution and consumption." 

President Rush directed the Department of Energy to 
develop a National Energy Strategy, ensuring the 
United States will have adequate supplies of clean, 
competitively priced energy from now into the 
21st century. The first series of hearings, primarily 
fact-finding, were held In August and September. 

The second series of hearings was to be more 
specific and to be co-chaired by other cabinet of-
ficers and administration officials. 

"Energy issues are a concern of more than just the 
Energy Department; energy affects virtually every 
segment of our society, including every agency of 
government," the Admiral said. "I am especially 
pleased my colleagues from other federal agencies 
agreed to personally participate in these hearings."

December 1; Providence, Rhode Island: 	 "Energy and
Productivity: A Northeast Perspective" 

December 4; Houston, Texas: "Our Domestic Energy 
Resource Base", Co-Chair: Secretary of the interior 
Manuel Lujan, Jr. 

December 8; Omaha, Nebraska: "Agriculture as Con-
sumer and Producer of Energy", Co-Chair: Secretary 
of Agriculture Clayton K. Yeutter 

December It; Detroit, Michigan: 	 'Transportation and 
Energy",	 Co-Chair:	 Secretary of Transportation
Samuel K. Skinner 

December 13; Washington, D.C.: 	 "Energy, Defense 
and Security Interests", Co-Chair: 	 Deputy Secretary
of Defense Donald J. Atwood 

December 14; Atlanta, Georgia: "Energy and 
Environment", Co-Chair: White House Science Advisor 
Dr. Allan Bromley and Administrator of Environmental 
Protection Agency William K. Reilly 

All testimony received at the hearings Is to be com-
piled and made available in April 1990. 

A preliminary draft of the National Energy Strategy 
will be available in April 1990. After receiving 
comments on and revising the draft, the final plan 
Is to be released by December 31, 1990. 
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ENERGY POLICY AND FORECASTS 

A SHORT-TERM OUTLOOK SEES RAPID DECLINE IN 
U.S. OIL PRODUCTION 

The Energy Information Administration's (EJA) Short-
TermEnergy Outlook, issued in November says 
domestic crude oil production Is projected to con-
tinue to decline in the Lower 48 States. A concur-
rent decline in Alaskan production was already evi-
dent by early summer. In 1989, total United States 
production is expected to decline by 470,000 barrels 
per day from a year earlier--a 5.8 percent drop. 
In 1990, total oil production is projected to drop by 
an additional 300,000 barrels per day, as Lower-48 
and Alaskan supplies continue to decline. 

Slow growth in domestic petroleum demand is an-
ticipated for 1990, following n 0.2-percent decline in 
demand during 1989. 	 This year's projected decline 
represents the first since 1983. Petroleum demand 
for 1990 Is projected to increase by 160,000 barrels 
per day over the 1989 level, a gain of 0.9 percent. 
Both distillate and jet fuel demands are projected to 
Increase by over one percent next year, but residual 
fuel oil demand is expected to fall by 9.2 percent. 

Other highlights from the report Include: 

Electricity sales are projected to increase by 
1.8 percent In 1989 and by 3.0 percent In 
1990. A cool summer in many regions of 
the country led to an estimated decline in 
sales for the third quarter of 1989. 

Growth in jet fuel demand Is projected to 
slow through 1990 due to a projected slow-
down in economic growth and a continued 
rise in airline ticket prices. 

United States net imports of crude oil 
(including the Strategic Petroleum Reserve) 
and petroleum products are expected to 
average 7.2 million barrels per day in 1989, 
an increase of 600,000 barrels per day from 
1988 levels. This reflects the Impact of 
reduced domestic production and additions to 
petroleum stocks following a drawdown In 
1988. 

gs RECORDS DROP IN OIL AND GAS 
RESERVES FOR 1988 

United States proved reserves of natural gas declined 
sharply in 1988 because of a large downward revi-
sion in Alaskan North Slope gas reserves, according 
to the Energy Information Administration (EIA). This 
gas Is unquestionably producible, but the economic

uncertainty regarding its marketability caused the 
deletion from proved status. The Alaskan revision is 
not expected to impact gas supplies In the Lower-48 
States In the near future, because no gas pipeline 
to the North Slope Is likely to be built in the next 
decade. 

Proved gas reserves in the Lower-48 States were 
actually up In 1988, as was gas production. In 
fact, proved gas reserves for the entire United 
States would have increased in 1988 without the ab-
normally large negative revision (24.6 trillion cubic 
feet) to Alaskan reserves. 

United States total discoveries of dry gas (those at-
tributable to extensions, new fields, and new reser-
voirs In old fields) were up 44 percent to 
10,350 billion cubic feet in 1988, the highest level 
since 1985. New field discoveries were higher at 
1,638 billion cubic feet as were discoveries in new 
reservoirs. Extensions (6,803 billion cubic feet) were 
up 48 percent, led by Increases in the San Juan 
basin of New Mexico and Colorado, the Gulf of 
Mexico, Texas, and Oklahoma. Major extensions of 
unconventional coalbed methane fields contributed 
nearly a trillion cubic feet to these extensions. Ex-
ploitation of the coalbed methane resource has been 
rapidly expanding because of tax incentives and an 
Improved understanding of the underlying production 
technology. 

During 1988, proved reserves of crude oil declined 
by 1.6 percent, or 431 million barrels. This rate is 
close to the two-percent average annual decline of 
crude oil reserves experienced during the last 
12 years. Essentially, all of the United States 
decline was accounted for by the 419-million barrel 
decline in Alaskan proved reserves In 1988. The net 
of revisions and adjustments reported for crude oil 
In 1988 was 1,827 million barrels, an amount which 
Is above the annual average, but a billion barrels 
lower than the high 1987 value. The persistent 
decline in United States oil reserves would have 
been much worse during the last decade without the 
generally large positive net revisions and adjustments 
to the reserves of old oil fields. 

In 1988, total discoveries of crude oil were down to 
553 million barrels. This total was 20 percent lower 
than that in 1987 and the second lowest level ever 
reported to FLA. These total discoveries would have 
replaced less than 20 percent of 1988 oil production. 
Total crude oil discoveries for the last three years 
have been relatively low, reflecting similar trends In 
exploratory drilling. New field discoveries, amount- 
ing to only 71 million barrels, were less than half 
the 1977 through 1987 annual average of 156 million 
barrels.	 Nearly 60 percent of 1988 new field dis-



coveries were in Alaska and the Federal Offshore. 
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gEpe ioweas OIL PRICE PROJECTIONS BUT STILL	 The lie of Continued Casservutias 
EXPECTS MUCH HIGHER PRICES 

Over the past several years, Harvard's Energy and 
Environmental Policy Center (EEPC) has published a 
series of studies on world oil markets. These papers 
analyzed the critical factors affecting trends in the 
oil market and challenged the conventional wisdom 
that oil prices would remain soft for the foreseeable 
future. Their results are compared to the Energy 
Information Administration (EIA) forecast In Figure 1. 
Much of the reaction to these reports has been 
skeptical. Critics pointed out that prices in the 
latter part of the 1980s were lower than those prr 
dicted by EEPC. They also argued that EEPC under-
estimated several factors which would dampen future 
oil prices.	 Specifically critics had asserted that: 

- Despite low prices, the rate of energy con-
servation would continue indefinitely--perhaps 
at a level equal to a one to two percent 
annual reduction In the oil-GNP ratio 

- Oil markets had experienced a significant 
structural change 

Significant amounts of new oil--both from 
non-OPEC sources and from OPEC itself as a 
result of the termination of the Iran-Iraq 
war would significantly deter the ability of 
the cartel to raise prices. 

FIGURE 1 
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To address these criticisms, EEPC earlier this year 
released a report, "World Oil Price Projections:	 A 
Sensitivity Analysis," which presents sensitivity 
analyses and alternative models that allow for trends 
In conservation, structural change, and expanded oil 
production.

While the original EEPC model overestimated reduc-
tions in oil demand In the early 1980s and overes-
timated the rate of reversal In oil demand growth In 
1986-1988, recent trends seem consistent with the 
model's notion of Increasing world demand In 
response to lower prices. The EEPC says data now 
show that oil demand is no longer constant, but 
growing at the same rate as GNP in the United 
States and only slightly less than GNP in Japan. 
This reversal in oil-GNP trend is Inconsistent with 
widespread projections of a soft oil market through 
the end of the next decade and with the notion 
that oil demand will continue to fall relative to GNP 
no matter what the price of oil. But, says EEPC, it 
is consistent with their new alternative models which 
predict an increase in demand in the face of soft 
market conditions and a rise in oil prices as demand 
reaches the assumed OPEC utilization threshold. 

The laze of Stnjeturul Change 

Some analysts suggest that the rate of change of oil 
demand In response to prices changed after the oil 
shocks of the 1970s.	 A version of this assumption 
was tested in the EEPC model. While the new 
response was less than that obtained by using con-
stant elasticity models, oil demand still increased at 
rates faster than projections made • by the United 
States Department of Energy (DOE). Prices were 
equal to DOE's high estimate by the year 2000. If 
one assumes that in addition to changes in structure 
and price responsiveness, there will be a further oil 
demand reduction of 20 percent from factors other 
than price (government programs, etc.), the model 
predicts oil prices close to the range forecast by 
the DOE (Figure 2). 

FIGURE 2 

OIL PRICE PROJECTIONS WITH 
NEW DEMAND AND SUPPLY MODELS 
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laje of Increased Supplies of Oil 

A continuation of growth in non-OPEC production, 
even in the face of lower prices, would be suffi-
cient to sustain a soft oil market for a long period 
of time. Using alternative estimates of non-OPEC 
supply projections and assuming falling prices, fol-
lowed by a slow recovery in the market, the 
econometric model shows an initial flattening in to-
tal non-OPEC production. Eventually however, the 
force of technological change plus a slow increase 
in price overtakes the decline and produces an in-
crease in total oil production. But the model shows 
more rapid depletion of oil reserves in the United 
States and substantial increases in production in 
other non-OPEC countries. 

Yet, EEPC says even a combination of conservation 
and higher non-OPEC production does not explain the 
low price trajectories predicted by DOE and others. 

On the issue of increased supplies of OPEC oil, EEPC 
says the end of the Iran-Iraq war should allow a 
two million barrel per day increase in total produc-
tion capacity. Such an expansion would result in 
slightly lower prices for a year or two, but then 
essentially the same price increases would result, as 
demand overtakes even this expanded capacity. 

Conclusion 

The EEPC study says that additional changes in the 
model with an even higher non-OPEC supply or with 
more conservation would produce lower prices, but 
the basic message would be the same. Projections 
of constant oil demand and continuing soft prices 
are not supported by the data. A reduction in 
production In the United States, a slowdown in 
growth in non-OPEC production, and a resumption in 
growth in aggregate oil demand all point to future 
price increases.	 The actual rate of turnaround in 
demand and prices through 1988 has not been as 
rapid as the model would predict. But the sen-
sitivity tests with a variety of alternative submodels 
that allow for representation of conservation effects 
independent of price and for substantially higher 
non-OPEC production still lead to higher prices soon. 

Risk analysis profiles suggest that we could expect 
to see continuing rapid fluctuations in prices imposed 
on a cyclical trend towards higher prices in the 
next decade. The most important uncertainty con-
tinues to be the viability of OPEC production con-
straints. As recent years have shown, the cartel 
can increase production rapidly and to extremely 
high levels If necessary, or if discipline fails. These 
high levels of production would support very low 
prices for a long period of time.	 But these low
prices stimulate demand and reduce alternative sup-
plies.	 The difficulty Is In deciding the timing of
events and the resulting magnitudes of price 
changes. The EEPC use of historical data with 
models of slow adjustment on both the supply and 
the demand side, but using empirical estimation of 
the critical parameters, still suggests that a tur-
naround In oil markets may be more rapid and more 
sustained than foreseen by most.

The implications for policy are clear, says EEPC. 
The soft conditions of recent years present a great 
opportunity to prepare for the likely difficulties that 
consumers will face ahead. And this implies that 
hard times for producers will not last long. 

NERC SAYS RELIABILITY OF U.S. ELECTRIC 
GENERATING SYSTEM WILL PALL 

The North American Electric Reliability Council 
(NERC) recently issued its 1989 Reliability Assess-
ment. 

The NERC was formed in 1968 by the electric 
utilities to coordinate, promote, and communicate 
about the reliability of their generation and trans-
mission systems. NERC Is comprised of nine Regional 
Reliability Councils encompassing virtually all of the 
electric utility systems in the United States, Canada, 
and the northern portion of Baja California, Mexico. 
See 
Figure 1 for designations. 

FIGURE 1 

NORTH AMERICAN ELECTRIC 
RELIABILITY COUNCIL REGIONS 
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A reliable supply of electricity is essential to the 
economic well-being and security of the United 
States and Canada. The NERC report says that 
while current utility plans will support their forecast 
growth In peak demand, NERC has identified a 
widespread trend of actual peak demands consistently 
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exceeding the utility forecasts. If this trend con-
tinues, supply deficiencies are likely by the early 
1990s in the eastern halt of the United States and 
Canada. 

Several geographic areas are also identified where 
electric system reliability is at serious risk. Emer-
gency operating measures, including controlled inter-
ruptions of customers' supply, will become more 
widespread in these areas. 

Specific regional reliability concerns identified by 
MEEC are: 

ECAR - Acid rain legislation, when fully imple-
mented, could cause the utilities in this 
region to lose over 9,000 megawatts of gen-
erating capacity.	 This capacity would have
to be replaced to maintain reliability. 

ERGOT - Construction of several critical 
345 kilovolt transmission lines have been 
blocked resulting in Inadequate transmission 
in the region. 

MAAC - For six consecutive years through 1988, 
this region has experienced all-time record 
summer peak demands that have exceeded its 
forecast. Voltage reductions and frequent 
use of load management were employed to 
help limit peak demands during the 1988 
summer. Capacity additions beyond those al-
ready planned will be required in the next 
10 years to meet reliability objectives. 

MAIN - Generating capacity will be less than 
that required for adequate reliability in the 
late 19905. Additional load management or 
short lead-time capacity will be needed to 
assure reliability. Should peak demand 
growth be above forecast, the timing of 
capacity additions will be critical. 

NPCC - Peak demand and generating capacity 
projections indicate that additional resources 
beyond those already planned and committed 
will be required in New England as early as 
1993.	 Unavailability of the Seabrook 
(1,150 megawatt) and Shoreham 
(809 megawatt) generating units in a region 
where capacity shortages may occur in the 
early 1990s Is of great concern. Dependency 
on uncommitted resources for generation ade-
quacy puts the reliability of the electric 
supply in this region at considerable risk. 
Frequent use of load management and selec-
tive use of voltage reductions to help limit 
peak demands occurred during the 1988 sum-
mer. 

flRC - Use of load management will be re-
quired to maintain adequacy. 	 If peak 
demand exceeds forecast, 	 a generation 
deficiency could quickly develop. Further, 
the permitting and construction of a key 
500 kilovolt transmission line in Florida con-
tinues to be delayed requiring the operation

of higher cost local generation to maintain 
system reliability. 

Because large generating units take eight years or 
more to build, utilities are relying on many different 
short lead-time options to forestall or prevent gen-
erating capacity deficiencies. These include: load 
management, conservation and other demand manage-
ment programs, enhanced maintenance of older gen-
erating units, purchases from non-utility generators 
and other utilities, and short lead-time capacity ad-
ditions such as combustion turbines. However, these 
options are not without risk, says NERC. 

1988 Peak Demands 

The 1988 demand for electricity was higher than ex-
pected in NERC-United States and NERC-Canada due 
to a strong economy and extreme seasonal weather 
conditions. The NEEC-United States and NERC-
Canada projected 1988 peak demands were exceeded 
by 5.8 percent and 2.8 percent, respectively. The 
1988 actual peak demands in all nine Regional 
Reliability Councils exceeded the 1988 projected peak 
demands, in some cases by over 10 percent. 

In most regions, the continued strength of the 
recent growth In peak demand, especially if actual 
demands continue to exceed forecast, is of concern 
from the viewpoint of the adequacy of future gener-
ation and transmission capacity. 

1989-1898 Peeast 

The electrical peak demand in NERC-United States is 
projected to grow at two percent per year, and the 
United States is expected to continue to be summer 
peaking over the 1989-1998 forecast period. The 
growth rates for annual energy are slightly higher 
than the growth rates for peak demand. This trend 
will result in higher system annual load factors and 
increased utilization of existing and future genera-
tion and transmission facilities. 

Figure 2 illustrates the 1989-1998 projections of 
peak demand for the NERC-United States in relation 
to recent historical peak demands. The current 
projections are influenced by the sustained growth in 
the United States economy since the mid-1980s. 

The	 1989	 forecasts	 of peak	 demand have increased 
in	 eight	 of	 the	 nine regions	 compared to	 1988's 
ten-year	 projection. For	 example, the projected 
1997	 peak	 demands	 in eight	 of	 the regions range 
from one percent to 6.6 percent over the 1997 peak 
demands projected last year.

The NERC projections of peak demand in Figure 1 
are aggregates of the forecasts of the individual 
utilities comprising the Regional Reliability Councils. 

1989-1998 Capacity Projectkxn 

Capacity additions of 93,600 megawatts are planned 
over the 1989-1998 assessment period. Utility-owned 
coal and nuclear generating units account for 
34.2 percent of the United States generating 
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capacity additions over the next ten years, and oil 
and gas units 28 percent. Non-utility generators 
(MUGs) comprise a significant portion of the United 
States additions at 25.1 percent. 
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The relatively few remaining nuclear units planned 
for service over the next ten years are well along 
in construction with all but one being more than 
50 percent complete. Two units (809 megawatt 
Shoreham and 1,150 megawatt Seabrook) are 
100 percent complete but have not been permitted 
to become operational. 

Of the planned coal-fired units, 67 percent of those 
in the United States and 30 percent in Canada are 
In some phase of construction. A substantial portion 
of hydro and other (utility) additions are not yet 
under construction, and about 90 percent of the 
forecast non-utility generation additions are not 
reported to be under construction. 

About 27,500 megawatts, or 29.7 percent of the to-
tal planned additions In the United States and 
Canada, consist of utility-owned units 100 megawatts 
or larger that are not yet under construction. 
About 2,100 megawatts of these units have projected 
In-service dates of 1993 or earlier. In addition, 
about 10,500 megawatts of MUG units of various 
sizes,	 scheduled for service by 1993,	 are not 
reported to be under construction. Recognizing 
necessary lead times, It Is likely that much of this 
12,600 megawatts of new capacity not yet under 
construction will not be completed on schedule.

The possible loss of existing capacity, primarily as a 
result of likely changes in the Clean Air Act in the 
United States, was estimated in early 1989. By 
1998, an estimated 12,600 megawatts of coal-fired 
capacity could be permanently removed from service 
In the United States as a consequence of such legis-
lation through deratings, increased power require-
ments for scrubbers, anticipated poorer availability 
of some units retrofitted with emissions controls, and 
premature retirements. 

Capacity Resources Adequacy 

Not all installed capacity is available at any given 
time due to full or partial forced outages, seasonal 
deratings, and maintenance requirements. The 
amount of such reduction in capacity availability at 
the time of peak demand is reported each year by 
each region and subregion. Therefore, planned 
capacity resources have been reduced to reflect this 
typical unavailability of generation during peak 
demand periods and the results are shown in 
Figure 3 as the line labeled "Projected Available 
Resources." The projected available resources line 
provides an indication of the capacity that can be 
expected to be available to supply the peak demand 
if the planned capacity resources are placed In 
service on schedule. In each case, the planned 
capacity resources have been reduced by the 
weighted average unavailable capacity of each of 
the regions within the area depicted by the figures, 
as well as by an appropriate amount of spinning 
reserve capacity required for normal system regula-
tion. 

[	 IJ;l* 

&I i 
rn&',VI 

_Ij --a---ilIlIllIllIlPI •i;ktJuiE.IIrru ryA2 
• IIIIlIIIuIr44IiI • 

IuuImu.II, 
III!!I!4Id1'M liii IIIi!IilhII.uIuI 1111 1111

1-15	 SYNTHETIC FUELS REPORT, DECEMBER 1989 



Recent actual and projected peak demands for the 
United States are also shown in Figure 3. The 
figure Indicates that a capacity resource shortfall 
will occur in the United States by 1998. The ef-
fects of capacity delays and environmental require-
ments could cause the shortfall to occur by 1996. 

If sustained peak demand growth is greater than 
projected, capacity- plans will have to be modified. 
It could take several years to confirm an increase 
in growth rate. It may then be too late to install 
baseload generation as typical baseload capacity lead 
times are in the range of eight years or more. 
Utilities may be limited to short lead-time genera-
tion options.	 Even these require three years mini-
mum lead time. Siting considerations may also 
preclude a timely response except for the installa-
tion of combustion turbines at existing sites. 

WORLD OIL PRICE TO PEAK IN 2004 

At the 14th Congress of the World Energy Con-
ference in Montreal, Quebec, Canada in September, a 
paper authored by J. Leigh of Australia's 
BHP Petroleum (BHP) in collaboration with the Gas 
Research Institute (CR1) gives the results of energy 
modeling efforts carried out at BLIP and CR1. 

The Broken 11111 Proprietary Company Limited (SUP) 
Model 

The BLIP model uses the scenario approach to price 
forecasting. The model is called the World Oil 
Market Simulator, (WOMS). 

WOMB was originally based on a model developed by 
the United States Department of Energy (DOE). The 
model, however, was substantially modified to con-
vert it from a deterministic to a stochastic approach 
that uses the Monte Carlo simulation method. The 
strongest feature of the model is its ability to 
handle the uncertainty now prevalent is the world 
oil market while maintaining internal consistency 
within a given scenario. 

In the WOMB, the world oil price is determined by 
the interactive behavior of three groups, oil con-
sumers,	 non-OPEC oil producers, 	 and OPEC oil 
producers. The rules of behavior of these groups 
are convened into mathematical relationships to 
simulate the world oil price. 

OPEC is considered the residual supplier, accounting 
for the difference between world oil consumption 
and total non-OPEC supply. 

Regional oil demands are calculated separately as a 
function of regional economic growth and a 
reference oil price. Similarly, the non-OPEC regional 
supply is a function of the region's oil production 
capabilities and the reference oil prices. WOMS 
first aggregates the regional demands and supplies of

oil to determine the level of world oil consumption 
and non-OPEC supply. OPEC Is then assumed to fill 
any gaps between consumption and supply. 

The world oil price is generated based upon the rate 
that the OPEC countries utilize their oil producing 
capacity. When OPEC capacity utilization falls below 
a specified target level, for example, the WOMB will 
cause oil prices to fall to encourage a higher level 
of oil consumption. Conversely, when OPEC capacity 
utilization Is higher than a specified level, WOMB In-
creases oil prices to dampen oil consumption (see 
Figure 1).

FIGURE 1 

RELATIONSHIP BETWEEN
OPEC PRODUCTIVE CAPACITY
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Global Outlook for Service Sector Energy Require-
ments (GOSSER) 

At the Gas Research Institute (CR1), the Global Out-
look for Service Sector Energy Requirements projec-
tion was developed to validate the CR1 oil price 
track within a global energy supply and demand out-
look. CR1 analysts approach the global petroleum 
market from a diametrically different angle than 
does BLIP. The (lOBBER projection begins with an oil 
price track to determine sources of consumption and 
supply while BLIP begins with estimates of demand 
and supply to determine the corresponding oil price 
track. 

The fundamental driving force	 of GOSSER is	 the dif-
ferential	 demand for oil by product. COSSER relates 
an	 assumed	 oil price	 path to many	 considerations 
that have and will Influence the demand for oil.	 By
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conducting sectoral specific analyses, GOSSER 
evaluates the potential of oil to compete against al-
ternatives In specific service sectoral energy needs 
by considering the capital costs and operating costs 
of the various fuels capable of servicing those 
needs. 

For example, the demand for energy by the develop-
ing countries Is expected to dominate future global 
energy demand growth. Currently, these countries 
consume a substantial amount of traditional energy, 
such as wood and animal wastes. With industrializa-
tion, the consumption of these traditional energy 
forms will prove impractical for several reasons. 
Therefore, the developing countries will require sub-
stantial growth In commercially supplied energy. 

Coasensis Forecast 

Given the tact that the BHP model relies on supplier 
behavior to develop a relationship between oil 
demand and the world oil price and the GOSSER ap-
proach relies on consumer choices to develop a 
similar relationship, it is interesting that the results 
derived using the two approaches fundamentally 
agree with one another. 

The BHP WOMS model is capable of generating 
various scenarios depending upon the user's expecta-
tions of future events. The BHP WOMS scenario that 
most closely resembles the underlying assumptions of 
the GOSSER Is entitled "No Surprises." Essentially, 
the scenario assumes a steady growth in regional 
economies and crude oil demand. 

The "No Surprises" scenario results In the overall 
price trend shown In Figure 2. This price profile 
represents the 10-, 50-, and 90-percent probabilities 
that the price will be below the value indicated.

The "No Surprises" scenario produces a 50 percentile 
curve In which price growth begins about 1990. 
Price reaches its	 peak at about $40 per barrel 
(1987$) shortly after the year 2000. The forecast 
shows a price decline commencing around 2004. The 
price decline is due to the stimulation of non-OPEC 
exploration as a result of higher prices during the 
late 1990s. As more non-OPEC oil is brought to 
market, OPEC's utilization of productive capacity 
declines, and thereby OPEC's ability to control oil 
prices.	 This forecast, which represents the "No
Surprises" scenario, is in keeping with views held by 
a large number of oil industry analysts. Although 
the post-2005 price reduction is not generally pre-
dicted, the expectation of future price "cycles" is 
often noted. 

Figure 3 compares the free world oil demand as-
sumed In the BHP "No Surprises" scenario to that 
generated by the GOSSER projection. The figure Im-
plies that there Is remarkable agreement between 
the results of the two approaches. 

FIGURE 3 
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The GOSSER projection does not capture the supplier 
behavior which results in declining oil prices after 
the year 2000. Had the GOSSER assumed falling oil 
prices, however, It Is likely that the projection of 
oil demand would have Increased more sharply than 
shown. 

Because the BHP WOMS does not capture the dif-
ferential demand for oil products, it assumes that 
demand will react uniformly to changes In oil prices, 
The GOSSER projection shows, however, that 
petroleum demand in the later years of the projec-
tion will gravitate to those sectors and uses where 
there are no ready alternatives, i.e., the transporta-
tion sector, industrial feedstock uses, and electric 
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utility peaking facilities. As a result, the elasticity 
of demand for oil may become asymmetrical in the 
Inter years and price increases may have a less 
dampening Impact on demand. 

Superficially, the authors say the surprising agree-
ment between these two widely differing 
methodologies provides greater confidence in the 
validity of each projection. 

A more significant conclusion of the comparison is 
that both methodologies could benefit from an ex-
amination of the comparative results and, the incor-
poration of modifications to the approaches being 
used. 

IEW POLL OF PRICE FORECASTERS SHOWS INCREASE 
FOR FIRST 'LIME IN 8 YEARS 

The International Energy Workshop (IEW), organized 
under the auspices of the International Institute for 
Applied Systems Analysis periodically compiles oil 
price forecasts from a number of energy economists 
around the world. 

Median results for the predicted path of oil prices 
in the period 1990 to 2010 are shown in Figure 1. 

This graph provides clear evidence of an "adaptive 
expectations" process among energy analysts. That 
is, each year's long-term projections are heavily in-
fluenced by current prices and by trends during the 
recent past. This Is why the date of publication is 
significant in trying to understand why individual 
responses differ from each other. 

For every year since 1981, until this year, the 
forecast price of oil in the year 2010 was lower 
than it had been forecast in the previous year. For 
1989, the median poll response showed a slight in-
crease over the previous year. It would appear that 
the price forecasts have at least "bottomed out." 

The spread about the median for the forecasts dated 
in 1989 Is shown in Figure 2.

FIGURE 1 

MEDIAN OIL PRICE FORECASTS
FROM SUCCESSIVE IEW POLLS

(1985 S/BARREL) 
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FIGURE 2 

INTERNATIONAL PRICE
OF CRUDE OIL,

RESPONSES DATED 1989 
(1985 S/BARREL) 
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ECONOMICS 

ECONOMICS OF THE GREENHOUSE EFFECT EXPLORED 

For the past few years, the future of synthetic 
fuels has seemed to be totally dependent on one 
parameter--the price of crude oil. However, a new 
constraint is becoming more Influential with each 
passing month. The carbon dioxide "greenhouse" ef-
fect is certain to occupy the world's attention for 
several years to come. The production of synthetic 
fuels Inevitably involves the release of more carbon 
dioxide to the atmosphere than the use by the final 
consumer of an equivalent amount of energy derived 
from petroleum or natural gas. Therefore the 
economics and politics of controlling the greenhouse 
effect will be a major concern for all synthetic 
fuels processes. 	 Although the politics have been
widely discussed and commented on, the economics 
have received relatively little attention. Yale 
University's W. Nordhaus presented some preliminary 
calculations to the International Energy Workshop 
held last summer in Laxenburg, Austria. 

Nordhaus began with a quote from a report to the 
United States Council on Environmental Quality (CEQ) 
some years ago: 

"The CO 2 problem is one of the most important 
contemporary environmental problems, is a 
direct product of industrialization, threatens the 
stability of climates worldwide and therefore 
the stability of all nations, and can be control-
led. Steps toward control are necessary now 
and should be part of the national policy in 
management of sources of energy." 

Nordhaus says he believes the calls to action in the 
CEQ report and similar pronouncements are unsup-
ported by appropriate evidence. Those who argue 
for strong measures to slow greenhouse warming 
have reached their conclusion without any serious 
analysis of the costs and benefits of climatic change 
or control strategies. As of early 1989, there were 
no reasonably complete studies comparing the costs 
and benefits of different	 approaches	 to the 
greenhouse effect. The call to action In the CEQ 
and other reports may ultimately turn out to be 
correct, says Nordhaus, or they may be alarmist, but 
they can find no support for their policy conclusions 
in economic analyses of alternative policies. 

His paper represented part of a larger program of 
research studying the costs and benefits of alterna-
tive approaches to the greenhouse effect. Therefore 
his conclusions to date are only preliminary. 

Economic Awroadtco to Control of the Greenhouse 
Effect 

As a result of the buildup of a number of atmos-
pheric trace gases (ATOs), It is expected that sig- 
nificant climate changes will occur over the next 
century and beyond.	 The major ATGs are carbon 
dioxide,	 methane,	 ozone,	 nitrogen oxides,	 and

chlorofluorocarbons (CFCs). Table t shows the in,-
portant greenhouse gases, their contribution to global 
warming, and the industries in which the emissions 
originate. 

Current estimates are that an increase of ATGs 
equivalent to a doubling of CO 2 will lead to an in-
crease in the global surface temperature of 1.5 to 
4.5°C, an increase in precipitation and evaporation, 
and a rise in sea levels of 50 to 80 centimeters 
over the next century. Some models also predict 
regional shifts, such as hotter and drier climates In 
mid-continental regions, such as the United States 
midw est. 

The economics of the greenhouse effect is of par-
ticular significance because of the potential for 
"market failure," or breakdown in the market 
mechanism, in the emission of the trace gases. 
More precisely, the greenhouse effect Involves an 
"economic externality," in which the actions of 
economic agents are not appropriately reflected In 
market prices. In this case, consumers or producers 
who emit greenhouse gases affect others, now or in 
the future, yet the emitters do not pay the costs of 
the damage to others. Because of this market 
failure, with the market price being less than the 
social damage, the production of greenhouse gases 
will be above the optimal level. 

Nordhaus suggests we can analyze the costs and 
benefits of the greenhouse effect and policies in 
terms of two fundamental functions: the greenhouse 
damage function and the abatement cost function. 
The greenhouse damage function describes the costs 
to society of the changing climate. This damage 
function would incorporate, for example, the impact 
of changing crop yields,	 changing recreational 
amenities, land lost to oceans, and so forth. The 
abatement cost function describes the costs that the 
economy undergoes to prevent or adapt to the 
greenhouse effect. The cost function would include, 
for example, the cost of changing from fossil to 
non-fossil fuels, the substitution of different sub-
stances for CFCs, or the building of dikes. 

Figure 1 shows schematically the two functions. The 
U-shaped curve is the abatement cost function. It 
represents the minimum cost that results from hold-
ing CO 2 emissions or concentrations to specific 
levels.	 The horizontal axis measures the level of 
CO 2 relative to the uncontrolled quantity. This 
variable has a value of one when CO 2 Is uncontrol-
led (i.e., in an unregulated environment like that of 
today). As CO 2 concentrations are reduced (say by 
changing to non-fossil fuels), resources must be 
devoted to using alternative fuels and so forth, 
costs are positive, and the curve therefore turns 
upward. 

Economic theory tells us the abatement cost function 
is convex and has a minimum of zero at the uncon-
trolled point.	 Also, society can always do worse 
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TABLE 1 

QflTEI BUTI (ti OF DI FFERRIT TRACE GASES TO GREflJSE WARMI1C, 2100 

A. Sources by Chemical Compound 

Relative 
Trace Gas Contribution Source of Emission 

02 65%	 - Largely from corrbust ion of 
fossil	 fuels. 

Methane 13% Unknown. From a wide variety 
agricultural and biological 
activities. 

CFCs 12% Wholly industrial,	 from both 
aerosols and non-aerosols. 

Nitrous Oxides 696 From fertilizers and energy use 

Ozone 4% From chemical reactions resulting 
from products of combustion. 

B. Sources by Economic Activity 

Source Relative 
Sector Contribution 

Energy 56.2% 

Agriculture 21.2% 

Industry 1.0% 

Natural 6.5% 

CFCs 15.0% 

ItTa 100.0% 

Source of finission 

Emissions, Nitrous Oxides 
Methane, Ozone 

W21 Methane, Nitrous Oxides 

Methane 

Methane, Nitrous Oxides 

CFCs, Ozone 

than the abatement cost function by inefficiently 
designing regulations. 

The	 greenhouse	 damage	 function	 measures	 the cost 
to	 the	 economy	 of	 higher	 levels	 of	 CO 2	 (measured 
relative to some	 baseline).	 In	 contrast	 to	 the cost 
function,	 little	 is	 known	 about	 the	 shape	 of the 
damage function;	 the damage function is drawn as a 
wavy	 line	 to	 indicate	 current	 Ignorance	 about its 
shape.	 It	 Is	 suspected	 that	 higher	 levels of 
greenhouse	 gases	 will	 hurt	 the	 global economy, but 
because	 of	 the	 fertilization	 effect	 of	 CO 21 the 
greenhouse	 effect	 might	 on	 balance	 actually be 
economically advantageous to agriculture. 	 The study 
assumes that	 the	 damage function is increasing with 
Increasing greenhouse	 gases,	 but	 Nordhaus	 states he 
has little confidence In this assumption.

Roughly speaking, the "optimal" or most efficient 
level of control of greenhouse gases comes at the 
point where cost of abatement equals the damage

due to greenhouse warming. Put differently, at the 
intersection point of the two curve, the incremental 
gain from reduced damage of greenhouse warming is 
just outweighed by the incremental cost of additional 
control measures. 

Estimates of Coats and Damages 

In order to apply an economic model It is necessary 
to provide crude estimates of the costs and damage 
functions pertaining to greenhouse warming and 
abatement. 

Before analyzing the costs and benefits of alterna-
tive strategies, It is useful to describe the different 
kinds of responses that might be taken to the threat 
of greenhouse warming. Table 2 lays out some of 
the options. 

At one extreme would be a purely passive response 
to the threat of greenhouse warming. It would be 
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FIGURE 1 

DAMAGE FROM
GREENHOUSE WARMING

AND COST OF ABATEMENT 

as fraction of uncontrolled 
(let sss.-falr.) laval 

accurate to say that this	 is the policy that govern-
ments have followed to	 this point. To	 the	 extent 
that	 there are	 significant costs Involved	 In 
greenhouse warming, this	 is likely	 to be	 inefficient, 
given	 the low	 cost of	 at least	 a modest	 policy 
response, indicated in Figure 1.

A second option, to slow or prevent greenhouse 
warming, has received the greatest public attention. 
Most of the scientific opinion has focused on reduc-
ing energy consumption or switching to non-fossil 
fuels. Some discussion has focused on the possibility 
of reforestation as a strategy for removing CO2 
from the atmosphere. 

A third option is to offset the climatic warming 
through climatic engineering. Several schemes have 
been suggested over the last two decades, such as 
floating latex in the oceans or shooting particulate 
matter into the stratosphere. Many climatologists 
fault these proposals, arguing in effect that "you 
can't fool with Mother Nature." 

A fourth option is to adapt to the warmer climate. 
This could take place gradually through the market 
mechanism as the climate warms and the oceans 
rise. If particular areas become unproductive, the 
migration of labor and capital would naturally move 
to more productive regions. 	 If sea level rises,
structures would naturally retreat up the coastline 
unless protected.	 Alternatively, governments could 
take steps to pre-empt possible harmful climatic Im-

pacts by land-use	 regulations or investing in
research for a warmer climate. 

At this stage, we have relatively little knowledge 
about the relative strengths and weaknesses of the 
different responses to greenhouse warming. There-
fore, Nordhaus examines mainly the second strategy, 
slowing greenhouse warming through reduction of at-
mospheric concentrations of greenhouse gases. 

It is possible to rank different strategies In terms 
of their cost-effectiveness. Because of the powerful 
radiative properties of the CFCs, curbing those gases 
is	 the most cost-effective way of	 reducing 
greenhouse warming. The next most efficient 
strategy is curbing CO 2 emissions, say through a tax 
on the carbon content of fuels. A gasoline tat is 
similar to the carbon tax, but It is less efficient 
because It covers only a small fraction of CO2 
emissions. The reforestation option is the least ef-
ficient as It simply costs a great deal per ton of 
carbon fixed. 

Nordhaus finds that a significant amount of reduction 
of the greenhouse effect can be obtained at modest 
cost. That is, it is possible to reduce greenhouse 
warming by about 15 percent for a cost of less 
than $10 per ton CO 2 equivalent through the great 
cost-effectiveness of CFC reductions. Beyond the 
first 15 percent reduction, however, the curve rises 
as more costly measures are required. 

Damages from Greenhouse Warming 

Estimating the damages from greenhouse warming has 
been even more difficult than assessing the costs of 
abatement. 

The overall assessment of the cost of greenhouse 
warming in the United States is shown in Table 3. 
Nordhaus estimates that the net economic damage at 
the middle of the next century, In terms of those 
variables he has been able to quantify, is likely to 
be around 0.25 percent of national income, or about 
$7 billion per year. 

In order to make the damage estimates comparable 
with the cost estimates, the damage estimates from 
Table 3 were converted into damages per unit of 
CO2 equivalent units.	 These show a damage of 

$3 per ton CO 2 equivalent emission for the middle 
case and a damage of $37 per ton of CO 2 equiv-
alent for the high case. 

An Optimal Policy for Slowing Greenhouse Warming 

By comparing the abatement cost curves to the 
damage curves, Nordhaus calculates that the optimal 
policy involves reducing greenhouse gas emissions by 
about 19 percent from the uncontrolled level. This 
is accomplished by a nine percent reduction of CO2 
and around 90 percent reduction of CFCs. It is not 
economical to use the forestation option. 
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TABLE 2

ALTERNATIVE RESPONSES ID THE THREAT OF GREFZ4JJXJSE PL&RMIPG 

1. No-respcmse: Take no policies to slow greenhouse effect or to 
adapt to warner earth. 

2. Slow or prevent greenhouse warming: Reduce emissions and con-
centrations of greenhouse gases. 

a. Reduce energy consunption 

b. Reduce emissions per unit of energy consunption or GNP: 

- Shift to iow-002 fuels 
- Divert 002 fro, entering atrmsphere 
- Shift to alternatives to CFCs 

c. Remve greenhouse gases frat atnDsphere 

- Grow and pickle trees 

d. Select emissions reductions in a cost-effective rianner 

3. Offset cIitic effects. 

a. Clinatic engineering 

- Paint roads and roofs white, put particles into 
stratosphere	 I 

4. Adapt to warner elinate. 

a. Decentral ized/rmrket adaptations 

- Movenent of population and capital to new teqerate 
zones 

- Corn belt migrates toward Canada 

b. Central/governnantal policies 

- Land-use regulations 
- Research on drought-tolerant crops 
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TABLE 3

lMpAcr ESTIMATES FOR DIFFERENT SECTORS, FOR DOUBLING OF UO2

Sectors	 Billions ($1981) 

Severely lapacted Sectors 
Farnis 

Inpact of Greenhouse Warming 
and CO2 Fertilization	 +12 to -12 

Forestry, Fisheries, Other	 Snoll 

Moderately Iripacted Sectors 
Construction Positive 
Water Transportation 
Energy and Utilities 

Energy	 (Electric, Gas, Oil) 
Electricity Denund 1.65 
Non-Electric Space Heat -1.16 

Water and Sanitary negative 
Real Estate 

Land-Rent Cmponent 
Estlrmte of Dannge Fran Sealevel Rise 

Loss of Land 0.48 
Protection of Sheltered Areas 0.90 
Protection of Open Coasts 4.80 

Hotels, Lodging, Recreation

TOTAL 
$Builion per Year 
1981 Level of National lncono	 6.67 

Percent of National incono	 0.28 
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INTERNATIONAL 

BP STATISTICAL REVIEW DEMONSTRATES INCREASING 
WORLD ENERGY DEMAND 

The 1989 BP Statistical Review of World Energy, 
published by British Petroleum p.l.c., presents the 
world energy scene through 1988 in charts and 
tables. Perhaps most notable Is the continuing trend 
of increasing world energy demand since 1982. 

In 1988, total world primary energy demand rose by 
3.7 percent compared with 3.1 percent in 1987. For 
the first time in many years, OECD (consisting of: 
Austria, Belgium, Denmark, Finland, France, Greece, 
Iceland, Republic of Ireland, Italy, Netherlands, Nor-
way, Portugal, Spain, Sweden, Switzerland, Turkey, 
United Kingdom, West Germany, Australia, Canada, 
Japan, New Zealand, United States of America) 
energy consumption grew In step with gross domestic 
product, raising the question whether lower energy 
prices are bringing to an end an era when energy 
and economic growth were not linked. In Japan and 
the United States, the trend towards improving 
energy productivity slowed considerably (Figure 1). 
Although energy consumption per capita in the 
United States has fallen since 1978, it Is still more 
than twice that in Western Europe and Japan, and it 
is rising. The most rapid growth in energy demand 
during 1988 occurred in the Industrializing countries 
of South East Asia, where consumption rose by 
11.4 percent.

FIGURE 1 

ENERGY CONSUMPTION
PER CAPITA

(TONNES OF OIL EQUIVALENT) 
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In real terms, crude oil prices in 1988 were even 
lower on average than in 1986. Low crude prices 
and robust economic growth were the key factors 
behind an oil demand growth of 3.9 percent In the 
Non-Communist World. 	 The declining trend In fuel 
oil consumption reversed, while gasoline and middle 
distillates grew more rapidly than in 1987. In 
Japan, oil consumption increased by eight percent 
and, in South East Asia by 14 percent, highlighting 
the importance of this region as a market for oil. 
Oil consumption In South East Asia has risen by 
42.7 percent over the past decade. 

OPEC continued to dominate the oil supply scene 
throughout 1988. Quota violations, particularly in 
the second halt of the year, caused production to 
rise by 2.1 million barrels per day in 1088. OPEC's 
share of Non-Communist World production increased 
to above 45 percent, compared with a low point of 
40 percent in 1985. World crude oil reserves in-
creased slightly in 1988 (Figure 2) after a large 
jump in 1987 due to a substantial reserves revision 
by four countries (Iran, 	 Iraq,	 Abu Dhabi and
Venezuela). 

The	 world gas scene	 Is	 dominated	 by the	 United 
States	 and the U.S.S.R.,	 but	 rapid	 growth	 in	 gas 
consumption Is occurring	 in	 many developing 
countries. World	 gas	 consumption grew	 by 
4.7	 percent in 1988,	 while	 production grew	 by 
4.1 percent.

The world coal picture is dominated by Socialist 
Countries which in 1988 produced more than half of 
the world's coal. Consumption In Socialist Countries 
continued to increase steadily. Consumption in the 
Non-Communist World grew by 4.6 percent. 

In spite of the political uncertainty surrounding the 
long term future of nuclear power generation, 
nuclear energy consumption grew by eight percent in 
1988 as plants planned In the 1970s continued to 
come on stream. The 15.7 percent Increase in 
United States consumption was partially due to the 
start up of five new power plants.	 The United 
States, by far the largest producer of nuclear 
energy, accounts for about one third of the world's 
consumption. 
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EUROPEAN COMMUNITY WILL CONTINUE TO FACE 
ENERGY CHALLENGES 

The coming economic integration of the European 
Community (EC) in 1992 will have many effects on 
the energy sector, as well as on all other sectors 
of the economies of the twelve members of the EC. 
A special Issue of Energy In Europe discusses the 
possible long-term results of this and other factors. 
An introduction to the issue is provided by an ad-
dress given to the World Energy Conference in Sep-
tember by Commissioner A. Cardoso e Cunha, the 
commissioner with responsibility for energy. He 
notes that the document addresses the concept of 
"Sustainable Energy Growth." Essentially the question 
is "Can we continue to develop the world's energy 
supplies, on a secure and economic basis, sufficient 
to maintain economic growth while at the same time 
ensuring that the global environment is protected 
and indeed improved?" Such a fundamental question 
can only be put in a global context. 

The special issue begins with a brief review of cur-
rent developments in energy policy at the Community 
level, including the drive to complete the Community 
Internal Energy Market by the end of 1992. It then 
provides a preview of the long-term study currently 
underway in the Commission entitled "Major Themes 
In Energy to 2010." This shows possible alternative 
paths for the EC energy future. One Is a 
"conventional route" with continuing growth is 
energy consumption and CO 2 emissions. Another path 
is defined as a way of controlling energy consump-
tion and its environmental impact while at the same 
time maintaining economic growth--the challenge of 
sustainable energy growth.

The European Community and Energy 

From all points of view, the European Community Is 
a major player on the world scene. Its population 
of 325 million persons produces nearly five billion 
ecu (European currency units) of goods and services 
a year which amounts to 20 percent of world 
production.	 The Community is a major trader ac-



counting for around 37 percent of world trade. 

The same is true in the energy sector. Last year, 
the Community accounted for some 14 percent of 
the world's energy consumption and eight percent of 
world energy production. As In other sectors, the 
Community is heavily Involved in energy trade, ac-
counting for 38 percent of world energy trade. No 
less than 45 percent of the Community's total energy 
supplies are Imported from third countries. 

While talking about the EC as a whole, it is impor-
tant to bear In mind the diversity which exists be-
tween member states, In the energy sector as much 
as in others. At the one extreme, there is the 
United Kingdom with its rich endowment of coal, oil 
and gas reserves, whole others like Belgium, Portugal 
and Luxembourg lack substantial energy resources. 
Likewise energy consumption and trade patterns dif-
fer considerably. 

The 1992 Single European Market 

Despite these differences, energy policy is increas-
ingly being undertaken at Community level. Nowhere 
is this more true than in the Community's drive to 
complete the Internal Energy Market by the end of 
1992. 
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The blueprint for achieving the Single Energy Market 
was set out by the Commission in May 1988. The 
Commission's action plan was given political endorse-
ment by Energy Ministers later in the year. The 
Commission is now at the critical stage of making 
proposals to the Council of Energy Ministers on a 
range of highly significant issues which, if adopted, 
will begin to change the face of energy In the 
Community. 

Energy Ministers will be asked to agree on proposals 
which will increase exchanges of electricity and gas 
within the Community. Also on Energy Ministers' 
agenda will be proposals to extend a system of 
price transparency to large industrial consumers in 
the gas and electricity sectors. Price and cost 
transparency are seen as vital ingredients to a truly 
Integrated, single energy market. 

In the same vein, the Commission has also made 
proposals to ensure co-ordination between member 
states and the Commission when planning investments 
for the production and transport of energy in the 
Community. Energy policy makers must henceforth 
plan from a Community point of view rather than 
from a strictly national standpoint. 

These specific proposals will be followed by others, 
all designed to introduce greater competition in the 
Community's energy sector and to remove restrictive 
national barriers. 

Further Elements In Comiminity Energy Policy 

The drive to complete the Internal Energy Market is 
the Community's highest energy policy priority but it 
is not being pursued In Isolation. Energy security of 
supply remains of paramount concern despite today's 
relaxed energy markets. The Community will strive 
to maintain and improve diversity In energy supplies, 
avoiding undue dependence on any single source, and 
to achieve energy efficiency gains. Within the Com-
munity framework, all energy options will be kept 
open. 

Energy policy can no longer be developed without 
deep consideration of the implications for the en-
vironment says Commissioner Cardoso e Cunha. This 
applies at all stages of the energy chain from the 
time energy is produced, through transportation and 
use, to waste disposal. Such environmental threats 
as acid rain, the depletion of the ozone layer, the 
safe removal of toxic waste and above all, global 
climate warming will from now on help determine 
the shape of future Community energy policy. 

The contribution that energy technology must make 
to energy security and a clean environment should 
not be underestimated says the Commissioner. The 
Commission this year has launched a new five-year 
energy technology program called "THERMIE." Once 
agreed by the member states, the program should 
commence in 1990 and will cover the areas of 
energy efficiency, renewable energies, hydrocarbon 
development and the clean use of coal. Special em-
phasis will be given to environmental benefits and

the dissemination of energy technology within the 
Community. 

The Challenge for the EC 

In addressing the World Energy Conference, Commis-
sioner Cardoso e Cunha stated the challenge for the 
European Community when he said: 

"Energy is politics in the noblest sense of that 
word. It effects us all in our daily lives, lighting 
and heating of homes, powering our factories and 
providing us with the freedom of transport. But in 
doing so we consume the world's resources and 
create pollution. The challenge is to provide energy 
services efficiently, cleanly and at moderate cost; 
this we must address not only within the European 
Community but with our global partners." 

The energy sector is still in transition but there are 
few supply sources which are accepted today without 
controversy--nuclear because of radiation fears, oil 
because of price shocks, coal, gas and oil because 
of CO 2 and other emissions. Growing reliance on 
Imports for all fuels deepens these concerns. 

Concern on the supply side is mirrored in the uncer-
tainty surrounding the growth in consumption par-
ticularly for electricity and transportation fuels. 

The structure of economic activity, in volume and 
rate of growth has been strongly correlated to the 
type of energy source available. Coming to the 
close of the century the fuel mix choice in the EC 
is much wider than It was In the early decades 
when coal was the essential source of commercial 
energy. Today coal, gas, oil and electricity compete 
In many markets.	 Only the transport sector and
specific electricity uses are natural preserves of one 
particular fuel.	 But they are the leading sectors
for energy consumption. 

Reflecting the growing concern with the environment 
and particularly CO2 , SO2, and NO x emissions, the 
Commission, following the emphasis put on environ-
ment In the Single European Act, has initiated a 
range of actions which have direct effect on the 
energy sector--car emissions, 502 abatement etc. 
Work In this policy area Is likely to Intensify as 
detailed legislation is adopted in the coming years 
and will have direct effects on how the EC uses 
energy and the price paid for it. The two areas 
which will be particularly affected are power gener-
ation and transport. 

The Commission realizes that a global dimension must 
be used for reviewing resources. Pressure on these 
resources is exerted from other OECD (Organization 
for Economic Cooperation and Development) users, 
centrally planned economies and developing countries. 

Traditional interests in global energy trends are 
reinforced by growing concern with the environment 
and in particular with world climate. While the 
scientific community has yet to offer final guidance 
on the "greenhouse effect" and the possible future 
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climatic changes, the current concern with CO 2 can 
only be adequately tackled on a global basis. 

Sustainable Economic Growth 

Two conventional economic growth scenarios were 
developed. The third scenario is dubbed the 
"Sustainable Growth" scenario. In this scenario, con- 
cern with the level of emissions could lead, after 
1992, to much stricter environmental standards. 
There would be a renewed focus on energy policy 
with emphasis on: 

- Stricter environmental regulation 

- Stricter and mandatory technological gains as 
well as encouragement of rational use 

- Diversification of fuels avoiding oil but more 
use of gas, with nuclear growing after 2000 
and new technologies in end use and produc-
tion. 

Energy Demand 

Using estimates of the state of the art technology, 
new estimates of consumption levels were calculated 
sector by sector and fuel by fuel. 

The Commission calculated that the long-term energy 
demand growth could be zero to 2010 under the 
third scenario (Figure 1). 

Traffic volumes are expected to increase substan-
tially to 2010, overall by 60 percent. The number 
of kilometers traveled by passenger car, could in-
crease by 64 percent, guided rail by 36 percent and 
air transport could double. 

Freight	 transport	 could also grow	 by	 over
60 percent, with road growing by nearly 80 percent 
and rail and inland waterways by 40 percent and 
70 percent respectively in tonne/kilometer terms. 

Clearly, by the mid-nineties congestion would grow. 
Relieving this congestion by new infrastructure would 
probably not be sufficient--moving from individual to 
collective transport would be required. 

The long-run growth rate	 for	 electricity	 could	 be 
1.7 percent with	 high growth	 to	 the	 mid-nineties 
(3.5 percent), slowing down (0.7 percent) but remain-
big positive	 to	 2010. This does not mean that much 
new capacity would be	 required.	 Integration allows 
better optimization of	 the	 European	 network	 in 
responding to overall Community demand.

Because the policy approaches outlined under 
Scenario 3 require time to be effective, primary 
energy demand could continue to grow to the mid-
1990s by over three percent per year, a growth rate 
similar to that of Scenario 2. But as the policies 
begin to take effect, the rate of growth would be-
come negative near the turn of the century, yielding 
an average growth in primary energy demand of 
0.4 percent per year from now to 2010.

FIGURE 1 
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Primary consumption could be 100 million tons oil 
equivalent higher in 2010 than in 1987 (or less than 
10 percent higher); but economic activity could be 
65 percent higher. 

The result suggests that by 2010 CO 2 emissions could 
be around 2.3 billion tonnes--some 470 million lower 
than in 1987. This is a result that corresponds to 
the 1988 Toronto Declaration. 

Clearly, says the Commission, the will to achieve 
such reductions in consumption levels must be 
present--the magnitude of such a change in behavior 
would be considerable. However, the capability, in 
engineering terms and in management skills, will be 
available in the post-1992 EC, in the Commission's 
opinion. 

The actual outcome depends on decisions in key 
areas: 

- Energy efficiency 
- Power generation 
- Transportation 
- Secure supplies 

Many of these decisions will be political rather than 
economic In origin, and changes will come as public 
concern about non-energy issues develop. 
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The internal market will increase economic activity 
and foster a more enterprising climate. It also 
provides the framework for developing technology, 
facilitating its penetration into the markets and 
helping to reduce consumption, and thus emissions, 
through more rational use of energy.

The three objectives of sustaining economic growth, 
having a clean environment, and maintaining a secure 
and moderately priced energy supply are not Incom-
patible, concludes the Commission, but matching them 
will need an energy policy. 

H#4 
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ENVIRONMENT 

COAL
 INJEC11ON COULD MAKE HYDROGEN FROM FOSSIL 

FU S ACCEPTABLE 

The International Energy Agency of the Organization 
for Economic Co-Operation and Development held a 
conference in Paris in April on the subject of 
"Energy Technologies for Reducing Emissions of 
Greenhouse Gases." Although the use of hydrogen 
fuel is obviously an ideal solution to the greenhouse 
problem, the process for making hydrogen from fossil 
fuels, particularly coal, would release excessive 
amounts of carbon dioxide in the atmosphere. 
However, C. Marchetti of the International Institute 
for Applied Systems Analysis (nASA) told the con-
ference that there was a way "to solve the 
CO 2 problem without tears," 

Marchetti proposes active solutions for the control 
of CO2 emissions linked to energy use. Forest 
clearing would require other means of control. The 
past share can be calculated by checking 14 C con-
?rtt.atiot1 in tree rings.	 Fossil fuels have no 

C and appear as diluents. The results are seen in 
Figure 1 and show some Interesting features, e.g., 
that land clearance has been the largest total con-
tributor of CO2 to date (265 billion tons) and fossil 
fuels generated a little more than half that value 
(170 billion tons). The situation, however, has dras- 
tically changed after World War II, with fossil fuels 
becoming the dominant emitters. 

FIGURE 1 

ANNUAL
CARBON DIOXIDE PRODUCTION 

CO2 integrated production 
z 6- as 011980 (10152)  
g Fossil fuel CO2	 170	 ) 

Forest & SO" CO2	 265	 1 
4- Total	 435	 Total/ 

3	 Forest plus 

0 

OL 9	 1	 1	 1 1 1 1	 1 1 
1800 18201840 1850 188019001920 1940 19601980 

Year

Thus the cure must be applied to fossil fuels.	 The 
next question is what will be the share of the dif-
ferent	 fossil fuels	 (coal,	 oil, gas) during	 the	 next 
50 or 100 years, so that the cure can be applied to

the dominant ones, to simplify the procedures and 
maximize the effect of the measures taken. 

This forecast in terms of shares has been done by 
using the Volterra substitution model at IIASA to 
map the dynamics of primary energy markets during 
the last 100 years (Figure 2). The model is predict-
ive, even long term, when the dates for new com-
petitors (e.g., fusion) entering the market are avail-
able. It shows that fossil fuels have a product life 
cycle of about 400 years. 
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Nuclear systems (or solar for those who believe in it 
as a future large source of primary energy) will 
finally close the fossil fuel era. The question for 
the immediate future concerns the mix between coal, 
oil and gas. Marchetti's analysis shows that the 
dominant primary fossil energy in the next 100 years 
will be natural gas, and that most of the carbon 
dioxide emitted to the atmosphere will come out of 
its combustion, even if it is the fuel with lowest 
carbon content and highest efficiency in use. 
Therefore a cure has to be applied to natural gas in 
order to get maximum effect. 

The model results in Figure 2 show market shares. 
But	 we	 need	 absolute	 quantities	 for	 the
CO 2 released. For that purpose we must make an 
hypothesis about the growth of energy consumption 
at world level. Smoothing data for world energy 
consumption during the last 150 years, yields an 
average increase of about 2.3 percent annually. On 
this basis, Marchetti finds that gas consumption will 
Integrate at a level one order of magnitude larger 
than oil consumption. 
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Calculating	 the	 tons of carbon	 dioxide emitted	 by 
each fossil	 fuel over its life cycle	 yields the	 results 
in	 Figure	 3.	 It shows that natural gas will become 
the	 dominant emitter by the year	 2010. 

As	 an interjection,	 it is	 noted	 that Marchetti's 
analysis differs	 from	 more	 conventional analyses	 In 
that it does not assume that	 all known resources of 
a	 particular	 fuel,	 e.g. coal,	 will	 ultimately be	 ex-
ploited. Rather,	 the	 life	 cycle	 curves suggest	 that 
one	 fuel	 will	 displace another	 due	 to competitive 
factors.

Another Idea which is Implicit to the competition 
game, Is that in due time all primary energy will 
come from solar or nuclear sources, be fission or 
fusion, and consequently also chemical fuels will be 
produced from them. Hydrogen from water Is the 
prime candidate for that role, but the technologies 
to make it directly from water on the scale and at 
a cost to be competitive with the fossil fuels, even 
in specialized market niches, will take time to 
develop. 

However, Marchetti suggests there are possible short 
cuts for a transition period, which may last for tens 
of years. In doing so, it appears that the marginal 
cost of eliminating a substantial share of CO 2 emis-
sions will be only marginal, which is why he titled 
his presentation as a "solution without tears." 

He notes that in order to inject nuclear heat into 
the chemical fuel system, the easiest way to date is 
to steam-reform natural gas. The reaction is en-
dothermic and absorbs heat at temperatures a High 
Temperature Reactor (IITR) can provide. If the 
reforming heat is provided by a HTR, then essen-
tially two molecules of water are decomposed per 
molecule of methane, and the oxygen goes Into the

CO2. All the energy of the original methane, plus 
about 30 percent deriving from nuclear heat, appears 
in form of hydrogen. The use of IITR nuclear heat 
to reform methane has been studied for twenty 
years in Germany. 

If we now look at world naps for production and 
transport of natural gas, we find that most of it 
travels a long distance through relatively few large 
pipelines. It is then natural to think that nuclear 
power complexes can be put some place along these 
pipelines so that a share or the totality of the gas 
can be processed to hydrogen. The energy through-
put,	 as said,	 would then increase by about
30 percent. 

The main purpose of the operation would be to in-
troduce nuclear energy beyond electricity, on one 
side, and on the other to reduce fossil fuel demand. 
Penetration of nuclear energy into electricity has 
been fast and the world market may be basically 
exhausted around 2020 or so. 

The secondary, but important, sideline of this opera-
tion is that CO 2 could be separated and disposed, 
away from the atmosphere. Disposal can be done in 
various ways, as by injecting into the underground, 
or, in an appropriate form, into the oceans. 

For underground injection the most obvious solution 
would be to reinject CO 2 in the fields where 
CH 4 comes from. Volume for volume. As CO 2 is a 
much less Ideal gas than CH 41 it could even be In-
jected as a liquid or a near critical gas. There is 
enough space underground, and an appropriate rein-
jection could even increase the final output of the 
fields. 

The second case of reinjection Is in oil fields. The 
technique is being practiced for tertiary recovery, as 
CO 2 dissolves in oil, making it expand and reducing 
drastically the viscosity, so that small clinging drops 
can flow out of the rocks. 

In making a gross estimate about the cost of this 
operation, Marchetti says that if it pays to make 
hydrogen by reforming natural gas with nuclear heat, 
then the marginal cost of recovering CO 2 for ter-
tiary oil recovery will be very small or nil. He 
says the normal penetration times for such technol-
ogy can be 40 years. This means 50 percent of the 
market could be covered in 2030.	 At that time
CO 2 emission from CH 4 combustion will be about 
75 percent of total GO  emissions, and the effect of 
such an initiative would be to reduce them by 
40 percent. In 2040 the reduction would be above 
50 percent. 

This is a magic figure, because at present about 
50 percent of the CO2 emitted into the atmosphere 
is reabsorbed by the ocean sink. This sink has an 
extremely large capacity, and the bottleneck is In 
the kinetics of CO 2 absorption and transport. 

This means the proposed remedy can stop CO 2 in-
crease in the atmosphere around the year 2040, 
without any sacrifice in energy consumption.	 It 

1-31	 SYNTHETIC FUELS REPORT, DECEMBER 1989 



Ice ages come and go, sea levels fluctuate, land 
surfaces expand and contract, and the biosphere al-
ternately flourishes and suffers massive extinctions. 

would head to a production of hydrogen in the order 
of 101 cubic meters per year. 

GLOBAL WARMING STUDY PANEL FORMED 

At the direction of Congress, the United States En-
vironmental Protection Agency (EPA) has commissioned 
a study on the policy implications of greenhouse 
warming. The study will be carried out by the 
Committee on Science, Engineering & Public Policy of 
the National Academy of Sciences (NAS). A special 
13-member panel is charged with providing an inde-
pendent scientific assessment of both the basis for 
concern and the technical, economic, and sociopoliti-
cal factors affecting possible mitigation and adapta-
tion policies 

The NAS points out that although the federal 
government has several other relevant efforts under 
way, this study represents the only effort to date 
to examine comprehensively both the underlying 
phenomena and the expected efficiency and effec-
tiveness of policy interventions. The panel, chaired 
by D.J. Evans, a civil engineer and former governor 
of and United States Senator from Washington state, 
is expected to issue a report before the end of 
1990. 

IDSO BOOK PUTS GEOLOGIC PERSPECITVE ON CARBON 
DIOXIDE GREENHOUSE EFFECT 

The June issue of The Pace Synthetic Fuels Report 
carded an article on the views of S.B. Idso, who 
says the Earth may actually benefit greatly from In-
creased concentrations of carbon dioxide. ldso's new 
book, Carbon Dioxide and Global Change: Earth in 
Transition, expands on his geological perspective of 
the greenhouse effect. Some of the key points 
made in the book are summarized here. 

Earth In Transition 

Earth is an evolving planet says Idso; there is noth-
ing about it which is static. In our own lifetimes, 
for example, we regularly experience seasonal ex-
tremes of heat and cold, years of drought, and 
periods of flooding. We witness the subtle creep of 
desert sands, heralding the spread of aridity, and 
the ominous dieback of forests, mutely attesting to 
the changing character of the landscape.

On	 longer time scales,	 far beyond the ken of	 man, 
even	 the	 continents shift; while	 mountains rise,	 but 
to be	 reduced to	 rubble. And	 through	 it all,	 life 
either adapts or is swept from the scene.

But the relationship of life to inanimate nature is 
not always one of submissive response to the physi-
cal environment. Oxygen, for example, is a 
byproduct of plant photosynthesis; while a host of 
additional gases owe their origin to a number of 
other biotic activities. Carbon dioxide comes 
primarily from the Earth itself, released In the erup-
tions of great volcanoes and by outgassing at mid-
ocean ridges. Nevertheless, modulated over time by 
weathering and sedimentation processes, the 
CO 2 content of the atmosphere is also largely deter-
mined by the properties and products of Earth's 
biota. 

This relationship too Is reciprocal, as CO 2 in its 
turn exerts a profound influence upon the biosphere: 
both directly, through its dual effects on plant 
photosynthesis and transpiration, and indirectly, 
through its multi-faceted effects on world climate. 

The Brightening of the Sun 

Although currently a rather minor constituent of the 
atmosphere, being present at a mean concentration 
of only 350 parts per million (ppm), 002 has long 
played a major role in the development and sus-
tenance of life on Earth. According to accepted 
theories of stellar evolution, the energy output of 
the sun has been steadily increasing since the birth 
of the solar system, when its luminosity is believed 
to have been about 25 to 30 percent less than what 
it is now. All else being equal, this early solar 
energy flux should have consigned the worlds waters 
to a state of eternal Ice and precluded the develop-
ment of life. However, we know from the geologic 
and fossil records that both liquid water and life 
have been persistent features of the planet for at 
least the past 3.8 billion years. 

According to ldso, most scientists feel that the 
answer to this paradox is the CO 2 "greenhouse 
effect." According to this theory, the CO 2 content 
of Earth's early atmosphere was much greater than 
It is today, perhaps by as much as several orders of 
magnitude. Such high CO 2 concentrations would 
have elevated the near-surface air temperature of 
the planet by several degrees. 

As time progressed and the energy output of the sun 
Increased, however, less greenhouse warming would 
have been needed to keep the climate suitable for 
life. Thus, there must have been a process for 
removing CO 2 from the atmosphere which intensified 
as the near-surface air temperature rose. 

The Carbonate Cycle 

Probably the leading candidate mechanism to answer 
this requirement is the geochemical carbonate-silicate 
cycle. Starting with an increase in near-surface air 
temperature, the process is intensified by the conse 
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quent increase in oceanic evaporation, which leads 
to an increase in global rainfall and continental 
runoff.	 And as atmospheric CO 2 dissolves in rain-
water to form carbonic acid, and as soil-air 
CO 2 arising from the decomposition of organic mat-
ter produces even more, more CO2 is thus removed 
from the air, both directly and indirectly, thereby 
reducing the strength of the CO 2 -induced greenhouse 
warming and counterbalancing the temperature in-
crease caused by the brightening of the sun. 

The cycle continues with the weathering of rocks 
containing calcium-silicate minerals. Calcium and 
bicarbonate ions make their way to the ocean, 
where they are incorporated into the shells and 
skeletons of various marine organisms as calcium 
carbonate. The captured carbon is then effectively 
immobilized for hundreds of thousands of years, as 
the organisms the and fall to the ocean bottom. 

In thus removing CO 2 from the atmosphere, marine 
organisms play a major role in keeping the Earth fit 
for life. Even In the absence of the marine biota, 
however, the carbonate-silicate cycle would 
presumably still operate; for as the concentration of 
calcium and bicarbonate ions in the ocean rises in 
response to weathering, there must ultimately come 
a point at which calcium carbonate forms and 
precipitates even without the intervention of life. 

Over time scales on the order of 500,000 years or 
more, Idso says, the purely physical aspects of the 
carbonate-silicate 	 cycle	 account	 for	 about
80 percent of the carbon exchanged by the solid 
Earth and the atmosphere. Over smaller Intervals of 
time,	 however,	 biological processes generally 
dominate. 

The evidence most often cited as substantiating this 
claim is the high partial pressure of CO 2 in soil 
pore space, where its concentration may be 10 to 
40 times greater than In the atmosphere. These 
high concentrations of CO 2 in the soil are main-
tained by the oxidation of organic detritus; and the 
rate of oxidation approximately doubles with each 
100C rise in temperature. Hence, as near-surface 
layers of soil and air warm, the soil biota produce 
more CO2 which reacts with soil water, dissolves 
silicate minerals, ultimately lowers the CO 2 content 
of the atmosphere and counteracts the tendency for 
warming. 

The weathering of silicates and the hydrologic cycle 
also provide other nutrients to the sea. And as the 
influx of these nutrients stimulates the marine blots 
to still greater primary production, the atmospheric 
CO2 content Is even further reduced. Hence, it has 
been argued that life is in fact operating to keep 
the planet's physical state, and especially its tem-
perature, suitable for the biosphere's continued exis-
tence. 

According to this view, then, which is generally 
referred to as the "Gala Hypotheses," life on Earth 
has created its own opportunities, so to speak.

Man and Carbon Dioxide 

Prior to about 1400 AD, there was apparently very 
little change in the number of people inhabiting the 
planet. Subsequent to that time, however, it is 
clear that mankind has been proliferating at an 
ever-increasing rate. From Figure 1 it can be seen 
that carbon dioxide concentration In the atmosphere 
is strongly correlated with world population. 
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Carbon Dioxide and Global Change 

The great magnitude of man's contribution to the 
rapidly rising CO 2 content of Earth's atmosphere sug-
gests that humanity, If it does not soon self-
destruct, may well play a significant role in fore-
staffing any Imminent glaciation. Unfortunately, it 
also suggests that humankind could bring on a 
"super-Interglacial" period, different from anything 
the Earth has experienced for millions of years and 
something which civilization may be hard put to en-
dure. 

On the plus side of this balance sheet, a 330 to 
660 ppm doubling of the air's CO 2 content will In-
crease plant productivity by about a third, while 
reducing plant transpiration by approximately the 
same amount. Hence, for a 330 ppm increase in 
atmosphere CO 2 concentration, plant water use ef-
ficiency, or the amount of dry matter produced per 
unit of water transpired, essentially doubles. 	 And
for a 660 ppm increase it triples. Consequently, the 
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whole face of the planet will likely be radically 
transformed and rejuvenated, as the atmospheric 
CO 2 content reverses its long history of decline, and 
returns to conditions much closer to those charac-
teristic of the Earth at the time when the basic 
properties of plant processes were originally estab-
lished. 

On the minus side of the ledger, however, is the 
ominous threat of climate change. Will the increase 
in the CO2 content of Earth's atmosphere caused by 
the activities of man bring on a super-interglacial 
period? Are the polar ice caps destined to melt, 
raising sea levels and inundating coastal lowlands? 
Will tropical hurricanes intensify with warmer sea 
surface temperatures? And will insufficient summer 
soil moisture, along with increases In plant diseases 
and insect pests, destroy the agricultural productivity 
of large areas of the world's croplands? 

These are the truly burning questions confronting 
man today, as he emerges from the background of 
the biosphere to become the thief force in the con-
tinuing evolution of the planet. 

A Limit to Greenhouse Worming? 

Idso presents evidence that the current level of the 
total greenhouse warming effect on Earth is about 
340 C. Carbon dioxide is but a minor atmospheric 
constituent, and its greenhouse properties are largely 
overshadowed by those of clouds and water vapor. 
Nevertheless,	 these other atmospheric components 
produce the same type of effect as CO 2 in returning 
thermal radiation to the Earth's surface. Some 
climate models suggest that there is a maximum pos-
sible total greenhouse effect of 38.5 0 C. Thus Earth 
may well be constrained to warm no more than 
about 4.5 0 C due to further increases in the 
greenhouse properties of Its atmosphere. 

Several feedback mechanisms can be postulated which 
tend to limit temperature rises. For example, it has 
been shown that sensible heating of the air over 
tropical oceans essentially vanishes at a temperature 
of about 32 0 C and that it actually reverses its sign 
above that temperature. 

ldso presents several other types of feedback 
mechanisms operating with clouds and vegetation on 
both wetlands and dry land. 

The predicted increase in temperature determined 
from global climate models is found to be a strong 
function of the baseline temperature. 

Plotting the ultimate change In global mean surface 
air temperature predicted by several different global 
climate models for a 300 to 600 ppm doubling of 
the atmospheric CO 2 content as a function of their 
initial averaged surface air temperatures, gave the 
results in Figure 2. 

This relationship clearly indicates that, as the mean 
surface air temperature of the Earth rises, the 
climate sensitivity of the planet rapidly decreases. 
In fact, the relationship of Figure 2 suggests that

by the time the Earth has achieved a mean surface 
air temperature of just a little over 18°C, its 
climate sensitivity will have gone to zero, implying 
that no matter how much CO 2 is pumped into the 
atmosphere, the Earth will warm no further, much 
like the limitation to warming produced by the sign 
reversal in sensible heating of the air over tropical 
oceans. The magnitude of the maximum greenhouse 
warming implied by this analysis is essentially the 
same as that suggested earlier. 

FIGURE 2 
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Idso makes the provocative statement that the 
CO 2 enrichment of the atmosphere which we are 
currently experiencing may well be a blessing in dis-
guise. 

It is clear that model predictions of a catastrophic 
CO 2 greenhouse effect currently hold center stage, 
commanding the attention of all the world. 
However, even the most comprehensive global climate 
models greatly oversimplify or misrepresent key 
climatic processes. Idso concludes there is no ra-
tional basis for believing that the predictions of 
such models should bear any resemblance whatsoever 
to the future condition of Earth's climate. 

In light of the current inability of state-of-the-art 
0CM-type models to make valid climate predictions, 
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we are left with empirical projection as the only 
viable alternative for assessing the climatic course 
of the Earth in response to greenhouse gas forcing. 
ldso has worked out a comparative planetary 
climatology relationship based on the now-known at-
mospheric carbon dioxide levels and greenhouse 
warming on Earth, Mars and Venus. 

For a simple 300 to 600 plan doubling of the atmos-
pheric CO 2 concentration, his relationship suggests 
that the mean surface air temperature of the Earth 
will rise by about 0.4 0 C. Out since other trace 
gases are expected to have produced a greenhouse 
warming equivalent to that of 00 2 by the time that 
a CO 2 concentration of 600 ppm is achieved, this 
figure should probably be increased to 0.8 0 C.	 And 
assuming that this "doubling effect" of 
non-0O 2 trace gas emissions holds true for CO 2 con-
centration increases above 600 ppm, an increase in 
atmospheric 00 3 concentration to 1,000 ppm will 
likely mean an ultimate mean surface air tempera-
ture rise above the nominal 300 ppm base value of 
approximately 1.60C. 

When could such temperature increases be expected? 
Using Figure 1 suggests that atmospheric CO 2 con-
centrations of 600 to 1,000 ppm will likely be 
reached when world population reaches 19.5 and 
42.5 billion people, respectively. 

It is clear that world population has been growing 
at a phenomenal rate over the past several decades. 
A semi-log plot of population growth suggests that a 
world population of 19.5 billion people will likely be 
reached by AD 2059 and that a population of 
42.5 billion people should be reached by AD 2100. 

To these dates, however, most be added the lengths 
of time required for climate equilibrium to be 
achieved. Climate model projections range from a 
few decades to as long as a century or more for a 
300 to 600 ppm doubling of the atmospheric 
00 2 concentration. Appropriately scaling these es-
timates along the entire timeline required for 
1,000-ppm 002 equilibrium warming to be realized, 
results in the family of curves depicted in Figure 3 
for 300 to 600 ppm lag-times of 0 1 50, 100 and 
200 years. 

With respect to Figure 3 it may be noted that the 
curves all end abruptly at the point of achievement 
of equilibrium warming for a 1,000 ppm atmospheric 
00 2 concentration. And this CO 2 concentration was 
achieved by following the world population versus 
time curve defined over the past forty years right 
up to a world population of 42.5 billion people, 
which scenario suggests further phenomenal growth 
beyond this point as well. However, Earth's maxi-
mum "carrying capacity" for humankind has been es-
timated to be somewhere in the range of 40 to 
50 billion people.	 Hence, although a maximum

warming of about 1.6 0 C may ultimately be expected, 
it will probably not be achieved until a much later 
date than what is suggested by the curves of 
Figure 3. Thus, if a SO-year time lag is charac-
teristic of the Earth's climate system, the type of 
population growth adjustment needed to stabilize the 
number of people on the planet near a value of 
40 billion would lead to a true warming curve more 
like that depicted for a 200-year time lag. 

FIGURE 3 
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But even the extreme results of Figure 3 suggest 
that both the magnitude and rate of warming pre-
dicted by current CCMs are way out of line with 
reality. Hence, most--If not au--of the "doom and 
gloom" scenarios of the past decade or so will prob-
ably never be realized. In fact, says idso, the 
warming predicted in Figure 3 may be just what the 
planet needs, because some predictions are that the 
next glaciation of the Earth should begin "in about 
400 plus or minus 200 years." The warming depicted 
In Figure 3 Is of about the right magnitude and 
destined to appear at about the right time and at 
about the right rate to effectively counterbalance 
the expected impetus for cooling. 

Ico then goes on to point out In detail how the 
totally devastating environmental impact of a popula-
tion of 42.5 billion people will far overshadow the 
potential ill effects of a temperature increase. 
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COMING EVENTS 

1990 

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

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

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

MARCH 4-8, NEW ORLEANS, LOUISIANA -- American Institute of Chemical Engineers Spring National Meeting. 

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

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

MARCH 26-28, EDMONTON, ALBERTA, CANADA -- Oil Sands 2000. 

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

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

APRIL 29-MAY 3, GOLD COAST, QUEENSLAND, AUSTRALIA -- 1990 Australian Coal Conference. 

MAY 1-2, GOLDEN, COLORADO -- 23rd Oil Shale Symposium. 

MAY 1-3, ORLANDO, FLORIDA -- First International Symposium on the Biological Processing of Coal. 

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

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

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

JUNE 7-8, HONOLULU, HAWAII -- International Energy Workshop. 

JUNE 10-13, CALGARY, ALBERTA, CANADA -- Petroleum Society of CIM, International Technical Meeting. 

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

JUNE 11-14, TORONTO, ONTARIO, CANADA -- 1990 Windsor Workshop on Alternative Fuels. 

JUNE 11-15, NOORDWIJKERHOUT, THE NETHERLANDS -- Pyrolysis 90. 

JUNE 11-15, JYVAESKYLAE, FINLAND -- International Conference and Exhibition on Peat Production and Use. 

JUNE 25-30, MOSCOW, USSR -- Third International Exhibition for Energy and Technology, Energy Extraction and 
Generating, Conventional Processes and Alternative Sources. 

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

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

AUGUST 12-17, RENO, NEVADA -- 25th Intersociety Energy Conversion Engineering Conference. 

AUGUST 26-31, WASHINGTON, D.C. -- 200th American Chemical Society National Meeting. 

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

WESTERN SLOPE REFINING'S ENVIRONMENTAL PROBLEMS 
CONTINUE 

Western Slope Refining Company of Fruits, Colorado, 
formerly Gary Refining Company, has continued to 
experience environmental problems since its startup 
last spring. The refinery obtains about half its 
feedstock requirements from IJnocal's shale oil plant. 

According to the Concerned Citizens Resource As-
sociation (CCRA) a group Initially formed to fight 
construction of a hazardous-materials Incinerator 
near Cisco, Utah, the refinery affects air and water 
quality in the Grand Valley with four prime areas of 
environmental concern: 

- Cleanup of add sludge impoundment ponds. 

- Cleanup of oily waste. 

- Reduction of sulfur-dioxide emissions from 
the refinery's calciner. 

- Odor, which Is a byproduct of the add 
sludge cleanup and of sulfur-dioxide emis-
sions. 

There are about 180,000 barrels of add sludge at 
the refinery. The waste was generated by previous 
owners and had been inherited by Gary and now by 
Western Slope Refining. No new acid sludge has 
been generated since 1968. 

A plan to clean up the acid sludge Is being 
evaluated by the state health department. 

The oily waste was generated by equipment used to 
separate oil from water. The cleanup plan the com-
pany submitted to the health department employs the 
process of land farming. 

The question of sulfur-dioxide pollution from the 
calciner became an issue in 1983, and Gary Refining 
was cited by the state health department for ex-
ceeding sulfur-dioxide emission standards. 

In a subsequent agreement with the state, the com-
pany is required to have new sulfur-dioxide controls 
on Its calciner by April 1, 1990. 

In October the CCRA asked the Mesa County com-
missioners to request that the Colorado Air Quality 
Control Commission amend the law to include Mesa 
County, and specifically the loading dock at Western 
Slope Refining Company in Fruita. 

Later in the month, the Colorado Department of 
Health approved Western Slope's plan to clean up the 
sludge pile, despite some citizens' concerns that the

plan will be In non-compliance with federal law in 
less than a year. 

The plan, which entails plowing the petroleum sludge 
contaminated with heavy metals into a 39-acre field 
near the refinery, was criticized at a public hearing 
In September. 

It has since been amended to address some of the 
concerns raised at that hearing, says the company. 

The health department said the approved plan was 
modified to require the refinery to stop land farming 
by August 8, 1990, unless the company receives an 
exemption from the United States Environmental 
Protection Agency. 

In August 1990, new Environmental Protection Agency 
(EPA) regulations will prohibit land farming because 
of its potential for long-term soil contamination. 
Werern could obtain a maximum of two one-year 
axe iptions to the new regulations. 

In November, several air-quality experts from Denver 
were sent to Fruits, to Investigate the source of 
problem odors fro the refinery. These people were 
sent to look into the odors and see if there are 
any violations of state odor laws, according to the 
head of the stationary sources programs for the 
Colorado Department of Health. 

"We're also going to talk to people who have been 
complaining about the odors," comparing their jour-
nals with records at the plant to see If there Is an 
Indication of odors accompanying a particular ac-
tivity at the plant, he said. 

Also, the EPA in November sent a letter to Western 
Slope Refining, asking for information on the plant's 
emissions and operations. 

"We've had numerous citizen complaints, primarily 
about odor," but also about other pollution, said the 
stationary sources compliance officer with the EPA 
In Denver. "We're Just trying to find out if the 
complaints are valid. We have not found any viola-
tions and I am not sure that we will." 

Special equipment to test for volatile organic com-
pounds will be brought In to check for leaks at 
valves and other places In the plant. 

A fire at the plant in early November damaged the 
coking unit, but was not expected to stop the in-
vestigation.

#4*41 
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CORPORATIONS 

RAMEX DIVERSIFIES IN SEARCH FOR OPERATING 
INCOME 

Ramex Synfuels International Inc. announced In Sep-
tember the discovery of an opportunity to provide 
substantial cash flow and Income to the company 
during the time it continues to develop the Ramex 
oil shale gasification process. 

Ramex has acquired a 25 percent working Interest In 
approximately 3,000 acres of oil and gas leases In 
San Patricia, County, Texas, from Lucros International 
Corporation In exchange for a number of shares of 
stock.	 The wells were drilled In the 40's and 50's 
by major oil companies,	 primarily Texaco and 
Republic, to approximately 6,000 feet and then 
plugged and abandoned after producing to their 
economic limit. The current market for oil and gas 
has substantially Improved compared to these years, 
says Ramex. The market in the mid 50's for gas In 
this area was nonexistent, besides which there were 
no pipelines available. Also the price of oil was 
around $3.50 per barrel, compared to the current 
market price of over $18.00 per barrel. 

Ramex says the area In which they have obtained 
the interest has over 75 existing well bores, many 
of which offer re-entry possibilities. An extensive 
study of the well logs and other data on these 
wells found they were generally produced from one 
zone, the primary oil zone, and when that zone was 
depleted, were abandoned.	 Yet, there are several 
gas zones that were not opened that hold large 
quantities of reserves. The cost to re-enter and 
open these zones varies but appears to be ap-
proximately 10 percent of the cost to drill a new 
well. 

In its September letter to shareholders, Ramex said 
that re-entry of the first well found a virgin gas 
zone that had not been produced and the well Is 
capable of producing approximately 500,000 cubic 
feet per thy of dry gas and some condensate. The 
well Is being connected to the Texas Eastern 
Pipeline system. Ramex's share of the income from 
this well will be approximately $3,000 to $6,000 per 
month. 

Ramex currently has lined up approximately 20 of 
the well bores to be re-entered as soon as possible. 
Ramex has been a research and development com-
pany, and as such, has spent several million dollars 
developing the Ramex oil shale gasification process, 
but the company has never earned any Income. Al-
though the company says it has made substantial 
progress In the last year and a half In developing 
the Ramex process, there is still a way to go. 

Because Ramex has not had a revenue source during 
this research period, It has been necessary to con-
tinue to sell Ramex stock In order to provide the 
funding to continue the operation.

The re-entry projects in Texas are expected to 
provide cash flow Into Ramex, providing Income 
which will allow the continued research and develop-
ment of the Ramex process. 

"The main thrust of the company's activity", says 
Ramex chairman D.L. Walker, "is still the develop-
ment of our oil shale gasification process, but the 
conventional oil and gas wells In Texas provide a 
good asset base to the company and cash flow with 
which to continue to develop its unique process," 
which according to Walker represents a technological 
breakthrough in the economic production of synthetic 
natural gas from oil shale. 

Patents Issued 

At its annual meeting on November 27, Ramex an-
nounced it had received final approval from the 
Patent Office of the basic patent on its oil shale 
technology. Originally Ramex had thought it would 
not be able to get a patent on the concept, that Is 
the process itself, but would probably be able to 
get a patent on the heater design. Now that Ramex 
has the patent on the concept, anyone who wants to 
use the basic concept, even with a different heater 
system, may have to get a license from Ramex. 
Ramex is currently In the process of making patent 
applications In other foreign countries that have oil 
shale, 

Bnfra. Plan for 1990 

To date, Ramex has drilled seven wells in Indiana to 
test the Ramex process. Early problems were ex-
perienced with the heater design. In view of high 
temperatures downhole, in excess of 1,200°F in an 
atmosphere where hydrogen and sulfur are present, 
tremendous demands are placed on the materials 
utilized in the process. Several heaters were melted 
in the ground before developing a heater design and 
the metallurgy to deal with It. 

After a succession of different heater designs, the 
one used in the last well, Ostertag #7, proved to be 
effective.	 Operated for 90 days, there were no 
problems with the combustion process.	 However,
there was still some corrosion on the outer skin of 
the outside tubing.	 A metallurgical study recom-



mended a cobalt-based material, and a new heater Is 
being fabricated. Ramex plans to have the new 
heater In the ground by late November, 1989. This 
heater will be operated for 90 days, and then pulled 
for Inspection. 

In March 1990, two more wells will be planned. 

Assuming successful operation, Ramex plans In the 
spring to carry out feasibility studies for installation 
of a methanol plant on the oil shale leasehold in 
Indiana. Initial contacts will be made with potential 
joint venture partners In the methanol plant. 
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During the summer of 1990, Ramex expects to drill 
seven additional wells to provide a total of 10 wells 
using the Ramex process. After these have been 
operated for a sufficient length of time, Ramex 
believes it will be in a position to begin nego-
tiations with interested major companies for licensing 
of the Ramex process and/or joint venture projects, 
and also begin licensing efforts with other countries 
interested in using - the Ramex prácess. 

UNOCAL TOUTS FUTURE OF OIL SHALE 

In remarks delivered to the Annual Industrial Energy 
Technology Conference in Houston, Texas in Septem-
ber R. Stegemeier and F. Hartley, chief executive 
officer and chairman emeritus, respectively, of Uno-
cal Corporation, spoke of Unocal's oil shale develop-
ment efforts and their value for the future. 
Abstracts of their remarks follow. 

Remarks by K. Stegemder 

The development of innovative shale oil 
technology required the creative efforts of literally 
hundreds of scientists, engineers, and others. It also 
required leadership--dynamic and visionary leadership 
provided for many years by Fred L. Hartley, Unocal's 
chief executive officer from 1964 until his retire-
ment In 1988. 

Unocal celebrates Its 100th anniversary next year. 
Not many companies can make such a claim. I 
believe that Unocal's success over the years is due 
to several factors, including strong leadership, in-
novative technology, creative employees, and the 
willingness to take a prudent business risk. All of 
these factors are clearly represented in Unocal's 
shale oil project, a project that Is pioneering the 
development of an Important new energy resource 
for America. 

Our facility near Parachute, Colorado, is the first 
commercial-scale shale oil venture in the country. 
The plant has been on-line since 1984; but, as with 
any new technology, It has taken time to get all 
the bugs out. In fact, we did not ship our first 
barrel of synthetic crude oil until December 1986. 

A few years ago, the Rand Corporation made a 
study of 44 pioneer, commercial-scale process plants 
built by private companies in the United States and 
Canada. They concluded that cost overruns and slow 
startups were the rule--not the exception--in 
developing new process technologies. To be specific, 
only two out of 15 pioneer plants Involving solids 
processing achieved their designed level of produc-
tion within the first year. 

This should be no surprise. Technological innovation 
takes work--hard, focused purposeful work. We 
think the potential rewards are worth the effort.

All told,	 the western United States contains	 at	 least 
600	 billion barrels of	 recoverable shale	 reserves. 
This Is	 more than 20 times America's current proved 
reserves	 of conventional crude	 oil. It	 Is	 also	 about 
equal to the proved reserves	 of all of OPEC. 

We may need this resource much sooner than some 
people think. While the United States is the world's 
largest consumer of petroleum, we have less than 
three percent of known reserves--approximately 
25 billion barrels. To make up the difference be-
tween what we produce and what we consume, we 
continue to import more and more oil. In 1985, we 
Imported about 32 percent of our petroleum needs. 
In 1987, it was 39 percent.	 This year, it has run 
as high as 50 percent. Some authorities now 
believe that our import level will reach 65 percent 
during the 1990s. 

Given these trends, it Is very possible that the 
1990s could become a repeat of the 1970s. As 
OPEC regains control of the world oil market, we 
could face a new decade of price shocks and supply 
disruptions. America's oil shale reserves would then 
become an abundant, economically competitive energy 
alternative. That is one reason we believe it Is im-
portant to continue our efforts to develop this 
resource. 

The relatively low price of crude oil over the past 
few years has seriously undermined the economic in-
centive to develop some forms of alternative energy, 
including oil shale. Without the price support con-
tract awarded to us by the federal government In 
1981, we could not continue to operate the shale oil 
project today. 

Shortly after I became Unocal's chief executive of-
ficer in 1988, I stated clearly that our shale oil 
project would have to become financially self-
sustaining or it would be closed. Since then, we 
have made substantial progress In reducing costs and 
Increasing production at the plant. We have now 
shipped more than two million barrels of high-quality 
syncrude to refineries for conversion into a full 
range of transportation fuels. 	 Our peak production 
rates have topped 6,500 barrels per day. 

During the summer, we completed a major turnaround 
at our Parachute facility. This turnaround Included 
a number of design modifications that we expect 
will further improve production rates and onstream 
efficiency. 

The progress we are making justifies our continued 
efforts to improve operations at Parachute. 
However, the project remains under close scrutiny. 
The key remains to increase output and onstream ef-
ficiency. 

We	 know	 the	 resource	 exists. We	 expect the 
demand	 to grow.	 An	 we	 have	 successfully 
demonstrated the	 basic	 technology. We	 still have 
work	 to	 do, but	 I	 believe	 that	 oil shale	 will be a 
major source of energy for America in the	 21st cen-
tury.
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Remarks by F.L. Hartley 

The successful development of a commercial shale oil 
industry In the United States has been a long and 
difficult process. My interest In this energy alter-
native began more than 50 years ago. While a stu-
dent at the University of British Columbia, I wrote a 
thesis on the subject of tar sands and oil shale. 

Since the 1920s, Unocal had acquired oil shale 
properties In the Parachute Creek area of Colorado. 
By 1939, Unocal owned more than 20,000 acres of 
shale lands, including one of the richest oil shale 
deposits in the country. During World War II, 
however, there was very little time to think about 
oil shale development. The company was totally in-
volved In the Installation of plants for the produc-
tion of 100-octane aircraft fuels and toluene for 
making TNT explosives. Even so, basic research on 
oil shale continued. Under the leadership of 
Unocal's Dr. Clyde Berg, the company successfully 
demonstrated the principle of an upf low retort, 
employing a unique rock pump, at 50 tons per thy. 

When the war was over, we could once again focus 
our efforts on the development of new technology 
for the long-term growth of the company. 

During the decades alter the war, we made steady 
progress on our shale oil technology. In the late 
1940s, we continued to operate the small, 50-ton-
per-day pilot retort at our Los Angeles refinery in 
order to establish design criteria and obtain a supply 
of raw shale oil for developing upgrading technology. 
At this time, we produced jet fuel from upgraded 
and refined shale oil that met all military specifica-
tions and was used for testing in jet engines. 

From 1955 to 1958, we sealed up and built and 
operated	 a	 1,500-ton-per-day	 direct-combustion 
upf low retort at Parachute, Colorado. Our rock 
pump pushed solids upward, rather than down by 
gravity, proving that the design was still practical 
at 24 times the previous pilot retort capacity. Our 
work attracted the attention of the Department of 
the Interior, which at the time had a downflow 
retort program going in Rifle, Colorado. Although 
their retort never worked properly, at least as we 
understood it, their efforts confirmed for us the 
feasibility of the room-and-pillar mining technique. 

The room-and-pillar mining technique was critical to 
our development. The company's oil shale deposits, 
while very rich (they contain 34 gallons of oil per 
ton in the 90-foot Mahogany seam), were covered by 
700 to 2,000 feet of overburden.	 Removing this
overburden would not have been economically viable. 

Research continued as we fine-tuned the room-and-
pillar technique and continued to test the upflow 
retort process in pilot plants ranging from half ton 
to 1,500 ton capacities. We also conducted small-
scale experiments to prove that a pressurized hot 
recycle gas retort had important advantages. 	 In
particular, it could eliminate the coking step, thus 
achieving major cost savings,	 improved product
yields, and higher quality.

Following the oil shortages caused by the Arab oil 
embargo In 1973 and the ensuing rapid rise in world 
oil prices, we accelerated our efforts to achieve 
commercial production of this vast resource. 

All along,	 our approach	 was	 to take on	 manageable 
bites	 of the problem, focusing on one challenge at a 
time;	 room-and-pillar	 mining, the	 upflow	 retort, 
upgrading the	 raw	 shale	 oil,	 and protecting the	 en-
vironment.	 In	 today's	 world,	 It Is	 not	 enough	 to 
develop an Innovative technology that can produce a 
high-quality	 product	 at	 a	 competitive	 price.	 We 
also have to	 make sure that our technology	 is com-
patible with	 the environment.

In this regard, we had to solve what I called "the 
problem of the two envelopes." First, we had to 
control pollution below the plant--in groundwater or 
on the canyon floor, for example. Second, we had 
to control pollution above the plant--in the atmos-
phere. 

Considering the many unknowns and technical chal-
lenges associated with solids handling, it was one 
thing to have the basic Ideas and test them on a 
pilot scale. It was another matter entirely to prove 
those concepts on a commercial scale. By 1978, we 
were ready to make that Jump by building a 
10,000-barrel-per-day plant. It was crucial to do 
so, however, without putting the company under a 
financial risk due to the pricing gyrations of OPEC. 
Our decision to build a commercial-scale facility was 
made a reasonable possibility when Unocal became 
the first company to be awarded an oil price sup-
port contract under a special Department of Energy 
program in 1981.	 Why not others?	 The short 
answer:	 All of our competitors gave up on the 
technical challenge. 

I would like to emphasize that this agreement did 
not provide any funds to Unocal until two conditions 
were met.	 First, we had actually begun syacrude 
deliveries. Second, the current market price for 
conventional crude oil was lower than the market 
price during the second quarter of 1981--about 
$38 per barrel. Unocal agreed to Independently 
shoulder all of the plant's construction and operating 
costs, whether or not our process technology ul-
timately proved successful. 

We	 completed construction of America's first
commercial-scale shale oil project in western 
Colorado in 1983.	 As with any new technology, 
during startup operations we ran into a number of 
problems, several of them unexpected. 	 In 1986, 
however, we passed two milestones. In July, we 
successfully began operating the retorting complex. 
In December, we began shipping high-quality syn-
thetic crude oil from Parachute to Lisbon, Utah, 
where it was sent by pipeline to our Chicago 
Refinery.	 The syncrude must meet all product
specifications as well as all medical criteria. 

As I noted earlier, the development of this technol-
ogy has been a long, long pull. There have been 
many rewards and some disappointments along the 
way. But I have seen firsthand how It is possible 
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to take a number of technological concepts and 
through hard work, dedication, and scientific and en-
gineering creativity, turn them Into a productive 
reality. Unocal's team of scientists and engineers 
have integrated all of our accumulated knowledge to 
develop a new technology that could unlock 
America's enormous oil shale resource. 

NEW PARAHO COMPLETES SIX SHALE Oil. ASPHALT 
TEST STRIPS 

New Paraho Corporation reported in November the 
completion of six road test strips using an oil shale 
derived asphalt blend, SOMAT. SOMAT (Shale Oil 
Modified Asphalt Technology) is a product developed 
and produced by Paraho In their pilot plant near 
Rifle, Colorado. Laboratojy tests indicate SOMAT 
may significantly Increase road life through reduction 
in moisture damage and embrlttlement. 

In Colorado, tests were constructed on four separate 
sites;	 on highway 40	 east	 of Hayden,	 on 
highway	 550 south	 of Montrose,	 on a	 Rio	 Blanco 
County	 road northwest of	 Rangely and on part	 of 
the main street	 of Rifle.

Test locations also included a section of 
highway 191 just south of Moab, Utah and a portion 
of Interstate 80 west of Rawlins, Wyoming. 

Road contractors remarked that SOMAT handled well 
during the application process. The on-road tests 
will be evaluated at six month Intervals for five 
years. 

Paraho also announced the financial results for the 
year ended June 30, 1989. Paraho recorded revenues 
of $297,219 for the year. Funds required for test 
strips and further research and development relating 
to shale oil products resulted In a net loss for the 
year of $1,021 9 649 ($.02 per share) compared to a 
profit of $4,272,673 ($.08 per share) last year. The 
1988 profit was primarily due to the sale of oil 
shale resource. Paraho has now spent approximately 
$2,400,000 on the project to test shale oil as an 
asphalt blend. 

Paraho says it is currently cooperating with Occiden-
tal Oil Shale Inc. and others, on studies to deter-
mine the economic and technical feasibility of a 
commercial sized facility. Paraho Is actively seeking 
partners interested In financing the commercial oil 
shale asphalt operation.

LLNL ENVISIONS 100 lTD AND 1,000 lTD PILOT 
PLANTS 

Lawrence Livermore National Laboratory (LLNL) has 
operated a one tonne per day (TPD) continuous-loop 
hot-recycled-solid MRS) retorting system since 1984 
to study retorting chemistry In an actual recirculat-
ing loop. This year they upgraded the retort to 
process four TPD of commercially sized shale to 
study in more detail pyrolysis and combustion 
kinetics and answer the many bulk solid-handling 
questions concerning scaleup of the MRS process. 

Unlike	 most	 chemical and petroleum	 industry
processes, oil shale processes require the handling of 
large volumes of solids. Understanding the unit 
operations of key solid handling components and 
their coupling Is a major focus of current research 
at LLNL.	 Their program plan encompasses several 
scales of operation, as indicated in Table 1. 

In 1989 LLNL participated In a joint industry-
government conceptual design study. This study, 
conducted by Bechtel Corporation, determined the 
feasibility and cost of a field pilot program to test 
the MRS process along with an in situ oil shale 
demonstration, at a mine site in western Colorado. 
The study participants were: the United States 
Department of Energy, Occidental Oil Shale Inc., 
Western Research Institute and LLNL. 

Three scales of operation were considered: 

- A 100 TPD stand-alone MRS pilot plant 

- A 1,000 TPD FIRS pilot plant In operation 
with two simultaneously operating modified in 
situ (MIS) retorts 

- Commercial operation - -consisting of 
22 operating MIS retorts and one commer-
cially sized IIRS retorting system. 

The conceptual design study estimated a capital cost 
of $17 million to construct a 100 TPD MRS pilot 
plant. The cost of a 1,000 TPD pilot plant was es-
timated to be $250 million and that of a commercial 
unit was estimated to be $1.163 billion. 	 A cost 
breakdown is given in Table 2. For commercial 
operation the required oil price (at 20 percent rate 
of return) is estimated to be under $30 per barrel 
for a combined in situ-MRS retorting facility 
(Figure 1). 

LLNL plans a detailed design of the 100 TPD pilot 
MRS facility in fiscal year 1990 and, pending 
Department of Energy approval, to begin pilot plant 
construction in fiscal year 1991. 
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TABLE 1 

PILOT PLANTS PR(WO3Th AT LLNL 

Scale	 Tonnes/Day	 Pyrolyzer Dimycter 

Laboratory	 4	 8 in 
Srmll Pilot	 100	 1.5 It 
Large Pilot	 1,000	 4.5 It 
Cormercial	 12,000	 12 ft 

TABLE 2 

ESTIMATED URS PLANT WSTS
($Miiiion) 

Mine a In-Situ Retort Construction 
Utilities & Site Preparation 
HBS Retort 
Fractionation Unit & Pipeline 
Shale Handling 
Oil Upgrading 
MIS Process Facilities 
CFBCfPower Generation 

Total Project Costs 
(Direct + Indirect)

Camrcial	 1,000 TPD	 100 TPD 

	

Plant	 Pilot Plant Pilot Plant 

	

183	 31	 0 

	

102	 38	 0.8 

	

32	 12	 9 

	

21	 0	 0 

	

3	 2	 0.7 

	

121	 0	 0 

	

135	 24	 0 

	

163	 53	 0 

	

1,163	 250	 17 

FIGURE 1 

ECONOMICS OF
: C0MWNED IN — SITU - MRS PROCESS 

cc 

12

50 

40 

10	 ___ No ftW Growth 

o• a fl 24 24 25 50 34 34 34 34 40 

Oil Price ($IBBL) 

2-6	 SYNTHETIC FUELS REPORT, DECEMBER 1989



ECONOMICS 

FLUIDIZED BED RETORTING OF EASTERN OIL SHALE 
FEASIBLE AT LESS THAN $35/BU 

Foster Wheeler Corporation, under contract to the 
United States Department of Energy, has carried out 
an engineering design and economic evaluation study 
for the fluidized bed retorting of eastern oil shale. 
Results of their study were published earlier this 
year as Topical Report 0E89-000976. 

Plant Description 

The oil shale plant design was developed as a 
grassroots facility, capable of processing run-of-mine 
oil shale into a synthetic crude oil product having a 
maximum nitrogen content of 1,000 ppmw and a pour 
point less than 30 0 F. The conceptual design was in-
tended to represent mature commercial technology, 
rather than a first of a kind processing plant. An 
eastern Kentucky site, adjacent to an oil shale sur-
face mining operation, was assumed as the plant 
location. In addition to the processing units, the 
grassroots plant was fully integrated to include all 
the utilities and support systems required for con-
tinuous operation. 

The processing scheme is shown in Figure 1. Run-
of-mine shale ore, delivered to the plant by con-
veyor, is crushed In three stages to minus 0.25 inch 
size for feed to the retorting process. Provisions 
are included for stockpiling primary crushed ore and 
for storing 60 hours inventory of retort feed. 
Crushed shale Is pyrolyzed at 975°F and essentially 
atmospheric pressure in a fluidized-bed retorting sys-
tern which uses recycle product gas for fluidization 
and solids transport. The energy value of residual 
char in the retorted shale is recovered via steam 
generation In a fluid bed combustor and hot solids 
from the combustor are recycled to provide the heat 
required for retorting. The WSA-SNOX Process is 
used to remove sulfur dioxide from the combustion 
flue gas before venting the gas to atmosphere. This 
process employs catalytic oxidation to recover 
96 percent of the contained sulfur dioxide as 
byproduct sulfuric acid. The combusted spent shale 
Is subsequently moisturized to 10 percent and con-
veyed to a disposal pile at the mine site. 

Raw shale oil Is recovered from the retort overhead 
gas by quenching and subsequent sponge oil absorp-
tion of the C 4 + components. Hot centrifugation and 
electrostatic de-ashing are used to reduce the solids 
level to 100 ppmw in the raw oil. The ash-free oil 
Is hydrotreated In a fixed bed catalyst system, at 
elevated temperature and pressure, to reduce the 
nitrogen content from 1.0 percent to less than 
1,000 ppm. Simultaneous reduction of the sulfur 
level from 1.8 percent to 25 ppm is accomplished at 
a hydrogen consumption of 1,750 standard cubic feet 
per barrel.	 Rydrotreated oil is stabilized via frac-



tionation and sent to storage.

FIGURE 1 

FLUIDIZED BED RETORTING PLANT 
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Makeup hydrogen for raw oil hydrotreating is 
produced by steam reforming of the treated retorting 
make gas. After oil removal, the retort gas is 
catalytically hydrogenated to saturate the olefinic 
components and to convert essentially all the sulfur 
species to 1125.	 The La-CAT Process is used to 
remove sulfur from the make gas stream. In this 
process, a liquid phase redox reaction converts the 
contained 11 2 S into elemental sulfur which Is 
recovered as a byproduct. 

Aqueous condensates, containing dissolved CO 21 H2S, 
and ammonia, are steam stripped and the stripped 
water is recycled both for process use and as 
make-up for spent shale moisturizing. The Phosam-W 
Process Is employed to recover anhydrous ammonia as 
a byproduct from the stripped acid gas stream. 

Steam production, In excess of the plant operating 
requirements, is used to generate electric power for 
both in-plant use and for export. 

Retorting Deign 

The retorting system was designed to process 
120,000 tons per day of New Albany shale feed (dry 
basis). Based on practical design limitations for 
vessel sizes, the capacity of a single retorting 
module was set at 20,000 tons per thy. Accord-
ingly, six parallel operating modules were required 
for a nominal syncrude capacity of 50,000 barrels 
per day. 

The conceptual design for the retorting module was 
based on fluidized-bed pyrolysis with recycle of hot 
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shale solids. Fluidized-bed combustion of the 
retorted shale is used to recover the energy content 
of the residual char. A portion of the retort make 
gas Is recycled to provide the fluidizing medium for 
the retort, as well as the carrier gas for pneumatic 
transport of hot solids from the combustor to the 
retort. Design parameters for the retorting system, 
as shown in Table 1, were based primarily on pub-
lished information for the rapid pyrolysis of New Al-
bany shale and for the Chevron STE retorting 
process. 

The fluid bed retorting yield was based on achieving 
120 percent of the Fischer Assay yield. The cor-
responding yield structure, as a percentage of or-
ganic matter in the fresh shale feed,	 was 
11.8 percent gas,	 39.3 percent C 5	 oils,	 and
48.9 percent char in the retorted solids. 

The design retorting yield of 120 percent of Fischer 
Assay represents a major process uncertainty. While 
oil yields up to 125 percent of Fischer Assay have 
been reported in small scale fluid bed retorting of 
eastern oil shale, the use of circulating hot solids 
as the retorting heat source could promote cracking 
and coking reactions with a corresponding reduction 
in oil yield. A significant decrease in yield value 
would have a major Impact on the plant economics. 

Solids attrition presents another area of concern in 
the design of fluid bed retorting systems. As long 
as the fines carryover from the combustor does not 
exceed the amount of net combusted shale produced, 
attrition in the fluid bed combustor is not critical. 
Beyond that limit, insufficient hot solids would be 
available for recycle to the retort and, consequently, 
the process would be inoperable.

Plant Performance 

The integrated process plant was designed to convert 
123,600 tons per day of oil shale into 51,300 barrels 
per day of syncrude oil and reject the spent shale 
solids. Electric power, sulfuric acid, liquid 
anhydrous ammonia, and molten elemental sulfur are 
produced as byproducts. 	 The overall operating re-



quirements and production rates are summarized in 
Table 2. From an energy viewpoint, the syncrude 
product accounts for about 43 percent of the raw 
shale energy input while the net electric power gen-
eration and heat rejection to the plant cooling sys-
tem represent 10 percent and 38 percent, respec-
tively. 

The normal electric power usage of 160 megawatts 
is more than offset by the In-plant production of 
985 megawatts. Consequently, the processing plant 
Is a large base load generator of electric power. 
Natural gas consumption represents only about 
18 percent of the overall plant fuel consumption 
while retorting make gas and purge gas from the 
raw oil hydrotreater provide the major portion of 
the needed fuel. 

Sulfur Management 

In contrast to Colorado oil shale, eastern shale has 
a low mineral carbonate content and a high pyrite 
content. During combustion of retorted shale, 
pyrites are roasted to iron oxide and sulfur dioxide; 
the extent of conversion depending on combustion 
temperature. 

Two approaches were considered for controlling the 
emission of sulfur dioxide from the combustion 

TABLE 1

DESIGN BASIS P011 EASTERN OIL SHALE PLANT 

Fluid Bed Retorting
Shale Particle Top Size, 	 in. 0.25 
Retorting Yield Structure, % F.A. 120 
Retorting Temperature, O F 975 
Retorting Pressure, psig 21 
Shale Throughput, 	 lb/hr-ft 2 4,000 
Solids Residence Tim, nun. 5 
Recycle Shale Ratio,	 lb/lb Feed 3.2 
Recycle Shale Temperature, O F 1,300 
Mineral Carbonate Decomposition, % 0 
Decomposition of FeS 2 to FeS, 96 35 

Fluid Bed Combustion 
Terperature, O F 1,575 
Char Combustion, % 97 
Mineral Carbonate Decomposition, 96 100 
Sulfur Retention in Contusteg Shale, 96 50 
Heat Release, 1000 BTU/hr-ft 250
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TABLE 2 

PLANT OPERATING SUMMARY 

R.O.M. Shale Feed (15 gpt), TPD 123,625 
Syncrude Product (29 0 API), BPD 51,300 
By-Products: 

Elemental Sulfur, TPD 172 
Anhydrous Annonia, TPD 98 
Sulfuric Acid (95%), TPD 3,600 
Electric Paver, MW 825 

Moisturized Spent Shale, TPD 104,875 
Operating Consuntbles: 

Natural Gas, M1SCFD 15 
Diesel Oil,	 BPD 67 
Raw Water, CPM 20,875 
Catalyst & Chemicals, s/Day 57,310

process: limestone injection and sulfuric acid 
recovery. The combustion temperature of 1 1 575°F is 
suitable for sulfur capture by limestone which may 
be added to the fluid bed combustor. This approach 
would accomplish control of SO 2 emissions without 
additional processing equipment, other than for lime-
stone handling. However, additional operating ex-
pense Is incurred since about three pounds of lime-
stone is required for each pound of 502 captured. 

Alternatively, the off gas from retorted shale combus-
tion may be treated via a proven flue gas desul-
furizatlon system, the WSA-SNOX Process, to recover 
sulfuric acid. The advantages of this route are that 
a salable byproduct Is produced and the uncertainty 
of limestone supply Is avoided. The economics were 
found to clearly favor the recovery of sulfuric acid. 

Economic Analysis 

Capital costs for the conceptual oil shale plant were 
estimated on a mid-1987 basis for a location in 
eastern Kentucky. The retorting section represents 
the major cost element in the physical plant, ac-
counting for over one-third of the Installed cost. 
Costs associated with electric power generation, via 
combustion of retorted shale with flue gas desul-
furization, make up about 38 percent of the plant 
cost. 

As summarized in Table 3, the total plant investment 
cost was estimated to be $3.43 billion. 

The calculated syncrude production cost, based on a 
plant operating factor of 90 percent and an annual 
capital charge rate of 16 percent, Is detailed in 
Table 4. The capital recovery factor corresponds to 
a 15 percent return on investment over a period of

20 years. Under the assumed unit costs, the gross 
operating expense is almost entirely offset by the 
byproduct credits so that the net operating cost is 
only $2.56 per barrel of syncrude product. With the 
capital charges added In, the total cost of producing 
a barrel of syncrude is about $35. Thus, in addition 
to being capital intensive, the economics of this 
case are highly dependent on the byproduct credits, 
particularly for the excess electric power which rep-
resents 75 percent of this credit. 

The economics of producing syncrude from eastern 
New Albany oil shale via fluid bed retorting are 
compared to those for processing Colorado shale as 
well as for hydroretorting eastern shale in Table 5. 
While the Colorado shale cases were based on previ-
ous Foster Wheeler studies, the costs for 
hydroretorting of New Albany shale were extracted 
from an evaluation study by Hycrude. 

This comparison indicates that coproduction of 
syncrude and electric power from fluid bed retorting 
of eastern shale can be competitive with processing 
high grade western shale. The economics further 
suggest that the coproduction concept for eastern 
shale offers a significant advantage over the hydro-
processing route. 

The apparent economic benefits of producing 
syncrude from eastern oil shale, via the processing 
scheme considered in this study, are obviously de-
pendent on the market value for the coproducts. At 
a 50,000 barrel per thy capacity, the ability to 
market 800 megawatts of base load electric power 
along with 3,600 tons per thy of sulfuric acid is 
critical in siting such a plant. The sulfuric acid 
output from this plant would represent about three 
percent of the current United States demand. 
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TABLE 3 

CAPITAL OUST FOR FLUIDIZED Bfl) REmIrrIM]
OF EASTERN OIL SEIALE

($1987)

No. Trains	 Cost, $T.I 

Process Facilities 
Retorting 6 950.8 
Raw Oil Recovery 6 147.4 
Raw Oil De-Ashlng 2 11.4 
Gas Treating 2 64.7 
Raw Oil Hydrotreatlng 2 91.8 
Oil Fractionation 2 20.6 
Hydrogen Plant 2 146.7 
Sour Water Treating 2 18.1 
Sulfur Recovery 2 34.9 
Spent Shale Moisturizing 6 52.7 
Feed Preparation 2 270.3 
Spent Shale Disposal - 103.5 
Flue Gas Treatmsnt 6 223.2 

Total Process Facilities 2,136.1 
Support Systems 657.6 
Project Contingency	 15% 419.1 

Total Installed Plant Cost 3,212.8 

Initial Catalyst Inventory	 24.0 
Spare Parts	 26.5 
Start-up Cost	 99.1 
Working Capital	 66.1 

Total Plant Invest,mnt	 3,428.5 

TABLE 4 

ECON=CS OF EASrEIN OIL SHALE PRUXJCrUZI 
Basis: 330 Days/Year, 51,300 BPD Syncrude 

!!!.!. 22!!.	 $/BBL Syncrude 

Raw Oil Shale 4.00 $/Ton 9.64 
Consuimbles 

Fuel 3.50 $/MdBTU 1.05 
Water 1.00 $11000 Gal 0.58 
Chemicals 1.12 
Mobile Equipoent 0.21 

Operating Labor 20 $/Hr 1.82 
Maintenance M & L 4.45% 7.35 
Insurance & Taxes 1.0% 1.65 

Total Operating Cost 23.42 

By-Product Credit
Sulfur 70 $/Ton 0.23 
Amionia 150 $/Ton 0.29 
Sulfuric Acid 70 $/Ton 4.90 
Electricity 0.04 s/kIm 15.44 

Net Operating Cost 2.56 
Capital Charge 16% 32.40 

Total Production Cost 34.96
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TABLE 5 

COMPARATIVE OIL SHALE ECONOMICS 

Shale 

F.A. Grade, gpt 
Retort Process 
Retort Yield, % F.A. 
Syncrude, BPD 
ROM Shale, TPD 
Retort Feed, % ROM 
RUM Shale Cost, $/Ton 
Capital Cost, $/BPD 

Process Plant 
Total 

Syncrude Cost, $/BBL 
Shale Feed 
0 & M 
Capital Charge 
By-Product Credit 
Net

Colorado	 New Albany 

30	 30	 15	 13.3 
Fluid Bed Moving Bed Fluid Bed Hytort 

105	 100	 120	 167 

	

54,560	 51,590	 51,300	 55,900 

	

74,200	 87,600	 123,620	 117,590 
98	 89	 98	 81 
6.00	 6.00	 4.00	 4.00 

	

31,610	 23,370	 47,880	 40,440 

	

43,300	 36,330	 66,830	 59,790 

8.16	 10.19	 9.64	 8.41 
12.18	 9.76	 13.78	 19.65 
20.99	 17.61	 32.40	 28.99 
(0.67)	 (0.73)	 (20.86)	 (4.17) 
40.66	 36.83	 34.96	 52.88 

OXY THINKS FLUID DEl) COMBUSTION WILL IMPROVE 
OiL SHALE ECONOMICS 

On June 9, the National Research Council's Com-
mittee on Production Technologies for Liquid 
Transportation Fuels heard from R. Zahradnlk of Oc-
cidental Oil Shale Inc. (0051) that the estimated cost 
of producing shale oil at Tract C-b is appreciably 
less than it was a few years ago. 

Tract C-b was originally leased in 1974 to a consor-
tium of Shell, Arco, Tosco and Ashland for a bonus 
payment of $117.8 million. For various reasons, all 
of the original partners dropped out of the consor-
tium, which Occidental joined in 1976. In 1979 Ten-
neco joined Occidental in the project and the two 
companies later formed the Cathedral Bluffs Shale 
Oil Company (CB). In July, 1983, the U. S. Syn-
thetic Fuels Corporation (SFC) signed a letter of In-
tent with CB for the construction and operation of 
a 14,100 barrel per day plant. The SFC promised up 
to $2.19 billion of loans and price guarantees. In 
December, 1985, however, the SFC was abolished 
before the parties were able to convert the letter 
of Intent Into a binding contract. To date, over 
$350 million has been spent at Tract C-b by the 
various partners on mining, facility construction, en-
gineering studies and environmental monitoring. 

In October 1988, Occidental Oil Shale, Inc., bought 
out Tenneco Shale Oil Company's 50 percent interest 
in Tract C-b and became the sole leaseholder. Ac-
cording to Zahradnik, OOSI continues to believe that 
Tract C-b has great potential, particularly with the 
Incorporation of modified in situ (MIS) technology.

One reason for this Is that, in general, commercial 
synfuels plants are going to have to be quite large 
in order to benefit from economics of scale. For 
shale oil plants to be large--in the range of 
100,000 barrels per day or even larger--the ore 
deposit will need to be extensive and rich. In a 
conventional plant, where oil shale Is mined and 
brought to the surface for retorting, the shale grade 
must of necessity decrease as the rate of mining in-
creases. 

Thus, as a conventional shale oil project strives for 
larger sizes to take advantage of scale economy, the 
lowered grade of ore mined reduces that advantage. 
This Is not so for MIS, says Zahradnlk, because the 
entire (300 feet) vertical horizon Is utilized and the 
economies are based on such utilization. Thus larger 
plants based on combined MIS-AGR will benefit more 
greatly from scale economies than one based only on 
above-ground retorting (AGE). 

A second feature of MIS application to a given site 
Is that resource recovery Is Increased greatly. 
Projections for Tract C-b indicate that over five 
times as great a recovery is possible with the use 
of MIS as without it. This means a plant five times 
as large could be built to use the resource in a 
given time as without MIS. Again benefits of scale 
are bound to ensure. The recoverable resource 
listed for C-b would allow a 430,000 barrel per day 
plant to operate for 30 years. 

Economies of Commercial Plant At C-b 

A commercial oil shale processing plant utilizing MIS 
as well as AGR to produce liquids and other 
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products Is shown schematically In Figure 1. MIS 
retorts are mined, prepared, retorted and quenched 
In sequence underground. The oil shale rock which 
is mined to produce the retorts and the access 
drifts is transported to the surface, where It is 
crushed and screened to provide the necessary 
feedstock size for the ACR. 

A Circulating Fluidized Bed Combustor (CFBC) will be 
utilized to bum the oil shale fines produced during 
the sizing step as well as to combust and clean the 
MIS off gas. The spent AGR shale and/or other sup-
plementary fuels can be added also. The alkali 
material in the oil shale will serve as the sulfur 
sorbent. The feasibility of using oil shale as a sul-
fur sorbent in fluidized bed combustors was 
demonstrated In work sponsored by Occidental at 
Massachusetts Institute of Technology In the early 
1980s. Recent work sponsored by the Electric Power 
Research Institute has verified the effectiveness of 
oil shale as a sulfur removal agent in tests on a 
small coal-fired CFBC. The steam generated by the 
CFBC would be used to produce electrical power, 
some of which would be used internally and the rest 
sold. 

The capital requirements and operating costs for a 
plant of this nature were estimated by Bechtel, Inc., 
for two production levels at Tract C-b. The cases 
analyzed	 involve	 production	 of	 22,200	 and 
88,800 barrels per day of syncrude.	 These cases 
would yield the following byproducts:	 51.4 and 
206 megawatts power to the grid,	 276 and
609 metric tons per day ammonia, 41 and 165 metric 
tons per day sulfur,	 the first case would require 
22 MIS retorts, one AWl, and four CFBC. The 
larger one would require 88 MIS retorts, four AGE, 
and 16 CFBC.

The capital costs amount to $53,000 and $45,000 per 
daily barrel, respectively, not Including the stink 
costs already expended In developing the C-b Tract. 

The economic analysis consisted of determining oil 
prices (in 1987 dollars) which would generate 
reasonable returns on investment. Figure 2 shows 
oil price requirements as a function of Internal rate 
of return. The oil prices required to produce at-
tractive returns on investment are not unreasonably 
high. They are at about the same levels as were 
being projected in the late 1970s before the Syn-
thetic Fuels Corporation became involved. Large 
plants would even provide finite returns at today's 
oil prices.
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One of the mechanisms that the SFC had for provid-
ing incentives to synthetic fuels projects was to pay 
a guaranteed price for the product synfuel over a 
period of time. The actual level of the guaranteed 
price depended upon a number of things, Including 
the duration of the period the price was to be paid 
(or the limit of the total payment). The guaranteed 
price thus had a relationship to the cast of the 
synfuel but was not equal to it. 

Sit Ce for C-b 

In the case of the SFC filing for the CB project, 
and for the terms agreed upon in the letter of in-
tent (LOi), a guaranteed price of $60 per barrel was 
provided for a period of 10 years or until a total 
of $2.19 billion had been provided. 

At the time of the LOI the price of oil was 
$28.50 per barrel and was expected to rise over 
time at a rate somewhat higher than inflation 
(Figure 3, lower line). 
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In order to provide the project with a 20 percent 
discounted cash flow rate of return, shale oil would 
have to sell over time at a price indicated by top 
line in Figure 3. This curve depicts oil price rising 
from a 1983 value of $45 per barrel at the same 
rate as the projected oil price. 

FIGURE 3 
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The SFC price guarantee of $60 per barrel therefore 
did not Imply that	 $60	 was the	 1983	 oil price per 
barrel	 required to	 make shale oil	 competitive, but 
rather	 it	 was a	 mechanism to	 make	 the	 total oil 
price curve for the	 life of the project equivalent to 
a $45 per barrel 1983 prim (Figure	 4).

Zahradnik says it Is also useful to compare the 
capital and operating costs of the LOL project with 
0081's more recent cost estimations. The operating 
costs for the two projects have remained about the 
same, but a sizable reduction in capital charges has 
been realized. This has been achieved by a recon-
figuration of the plant to Include a circulating 
fluidized bed combustor to clean the MIS off gas and 
at the same time raise steam and generate 
electricity. Of equal significance Is the reduction In 
contingency charges which amounted to over 
20 percent of the capital charges In the SFC case. 
These contingency charges were Insisted upon by the 
SFC to avoid cost overruns. Without these charges, 
the capital charge per barrel for the SFC case 
would be lowered to $17 and the total cost would 
be $40 per barrel.

FIGURE 4 
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Thus current estimates of $25-34 per barrel for 
shale oil are somewhat less than earlier estimates; 
but considerably, less than the guaranteed price 
provided by the SFC. 

Moreover, 0081 says the current design is based on 
conservative estimates using technology that has 
been or is being demonstrated at the commercial 
scale. There is no provision for learning curve cost 
reductions or for the inclusion of other innovative 
technology or byproduct recovery and sale that could 
improve the economics. 

Se,th-Commercial Plant At C-b 

Occidental OR Shale has developed a conceptual 
development plan for Tract C-b. Basically, the plan 
calls for initial mine development at the three levels 
needed for the MIS retorts in a way that will allow 
for expansion to the 22,000 barrel per day case. A 
commercial-sized CFBC module would be installed 
along with the surface facilities necessary to process 
the MIS offgas. An AGR would not necessarily be 
Installed; the technical development of such units 
would be left to others or could come later. 

The facility would operate two MIS retorts simul-
taneously (vs. 22 in the 22,000 barrel per thy case) 
and produce 1,200 barrels per day of shale oil. The 
entire amount of shale rock mined and the MIS off-
gas would be fired to a CFBC module that would 
consist of one unit of the same size as each of the 
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four units that would make up the commercial 	 TABLE 2 
facility.	 it would produce about 46 megawatts of 
power of which 33 megawatts would be for sale.	 SI-ERCIAL PLANT AT C-S 

1,206 BPW OIL, 33 ?&V PG'R 
It would require three years to design and construct 	 Annual Operating Cost in $Million 
such a facility and then a four to seven year test 	 (1987) 
program would be advisable, says 0051.

A	 capital	 cost	 estimate is given in Table 1;	 an	 an- Natural Gas 0.2 
nual	 operating	 cost	 estimate	 is	 shown	 in	 Table	 2. Coal 1.9 
The	 total	 after	 tax	 cost	 of	 the project	 Is	 about Diesel Fuel 0.3 
$200	 million. Raw Water 0.4 

Catalyst & Chemicals 0.2 
Operating Labor 4.0 

TABLE 1 Maintenance Material & Labor 3.5 
Spent Shale Disposal 0.1 

SEMI-acIAL PLANT AT OS Retort Construction 2.7 
1,206 BND OIL, 33 MR Paa Mining Cost 0.5 

Capital Cost - $Million (1987) Unallocated Support 9.8 
32.6 

Description  

Mine 21.8 
Infrastructure Facilities 0.0 
Utilities 4.8 The	 significance	 of	 this	 analysis	 is	 that for	 an an-
Paver Distribution 4.4 nualized cost	 of	 about	 $20-25	 million,	 an	 oil	 shale 
Interconnection Pipavays 4.0 facility could be built 	 and operated that would: 
Buildings 12.6 
Site Preparation & Development 5.2 -	 Provide	 an	 operating	 mine	 at	 the time	 of 
Mobile Equipment 2.6 commercialization 
Offsites	 (Less Pipeline) 1.1 
Control System 1.0 -	 Provide an experienced staff at the time 
MIS Process Facilities 19.1 
CFBC/Paver Generation 53.1 -	 Demonstrate the viability of MIS technology 

Total Direct Field Cost 129.7 
Indirect Field Cost 36.7 -	 Establish relevant environmental parameters 

Total Field Cost 166.4 
Home Office Cost 16.8 -	 Generate	 at	 least	 $181	 million	 of revenue 

Total Field & Hone Office that would establish future markets 
Cost 183.2 

Spare Parts 0.6 -	 Demonstrate	 the	 viability	 of	 CFBC for	 oil 
Sales Tax 1.2 shale use 
County Tax 0.1 
Unallocated Cost & Royalties 18.2 

Total Project Cost 203.3
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TECHNOLOGY 

UNOCAL IMPROVES DRILLING TECHNOLOGY 

Unocal Corporation Is making significant improvements 
In drilling and blasting technology at its Long Ridge 
Mine in Colorado. - Key areas In which advances 
have been made were described by Unocal's G. Salon 
at the 22nd Oil Shale Symposium. One area Involves 
polycrystalline diamond compact drill bits. 

Mine Operations 

The underground room-and-pillar mine uses conven-
tional mining methods to produce retort feed. Cur-
rent mine heading size Is 40 feet wide by 30 feet 
high. The main entry pillars are 110 feet wide by 
160 feet long with eight headings. The production 
panel pillars are 70 feet wide by 140 feet long with 
ten headings. See Figure 1 for a map of the Long 
Ridge Mine. 

Full mining height is 60 feet, which requires a face 
and a beach cut. The mine Is currently developing 
the face cut only. The mining fleet for the face 
cut is comprised of several unique pieces of mining 
equipment: 

- Three Atlas Copco Roomer 276 Jumbos are 
used for production drilling. The jumbos drill 
40 3.5 inch diameter by 24 feet holes, 
generally taking two hours to drill the entire 
blast round. 

- Blast round loading Is done with Pettibone 
prill chargers. The ANFO Is pneumatically 
loaded Into horizontal blast holes with an air 
compressor. The operator loads 14 prespllt 
holes with presplit powder and 26 production 
holes with ANFO. The blast round produces 
about 1,850 tons of ore. 

- The mucking equipment Is comprised of 
15 cubic yard International front end loaders 
and 50 ton Caterpillar end dump trucks. 

- The scaling is done with Pettibone scalers 
and a converted Cradall scaler. 

- Tamrock bolters are used to Install eight 
foot resin grouted bolts in the headings, and 
16 foot resin grouted bolts at Intersections 
of crosscuts and headings. 

Polyaystalune Dlanxxid Compact Dull Bit 

The oil shale formation Is a kerogen bearing 
dolomitic marlstone. Maristone contains varying 
amounts of carbonates, silicates, sulfides, quartz, and 
other constituents which influence the selection of 
drill bits. The ore body has moderate vertical 
stresses, primarily due to gravity load of the over-
burden, and low horizontal stress resulting from the 
three-sided exposure of the ore body. The uncon-
fined compressive strength varies with the grade of

ore, typically from 10,000 psi for high grade ore to 
25,000 psi for low grade ore. Oil shale is con-
sidered medium In hardness from the drilling 
standpoint due to its unconfined compressive 
strength. In addition to its compressive strength, oil 
shale Is also resilient in nature and makes drilling 
difficult. 

Salon explained that early attempts on production 
drill bit developments were with 4.25 inch diameter 
tungsten carbide (carbide) drag bits. Design efforts 
Included using various grades of carbide inserts as 
the primary cutting edge. Other design efforts in-
cluded varying the offsets (attack angle of the cut-
ting edge), and the number of wings on the drill 
bit.	 The average life of these bits was less than 
500 feet before regrinding or reconditioning. Drill 
bit life decreased after each regrind due to heat 
embrittlement of the carbide cutting edge, or im-
proper drill bit regrind. 

A variety of bits were tested as the search for a 
suitable production drill bit continued. These bit 
types included roller cone, ceramic, pick bits, and 
stepped dray bits. The majority of these test bits 
were discontinued during their initial testing phase, 
due to excessive wear or poor penetration rates. In 
June, 1983, a polycrystalline diamond compact (PDC) 
drill bit was introduced. tip to this point, the cost 
of the drill bits tested was less than $200.00. The 
PDC drill bit cost was in excess of ten times this 
amount. 

PDC drill bits use synthetic polycrystalline diamond 
cutters. These cutters are 0.525 Inch diameter, 
0.025 inch thick with Intergrown and randomly 
oriented synthetic diamond crystals bonded to a 
tungsten carbide substrate (see Figure 2). PDC cut-
ters have three major characteristics, high abrasion 
resistance, no inherent cleavage planes, and self-
sharpening properties.	 The PDC cutters are ap-
proximately 75 percent of the drill bit cost. Early 
test results were costly, risky and inconclusive, says 
Baloo, and drill bit performance within a batch was 
not consistent. 

One important factor	 established	 early on	 was	 that 
the drill	 bit must	 be	 matched	 with the	 drilling 
equipment and also with	 the formation being drilled. 
This required tedious time studies.

Drilling Rate Variables 

A key drilling rate variable Identified Is the rota-
tional speed. The test results concluded that 
475 rpm was an optimal rotational speed (see 
Figure 3).	 Another Important drilling rate variable 
Is feed force, normally called weight on bit. The 
amount of flushing also influences the drilling rate. 
Adequate flushing ensures removal of drill cuttings, 
cooling of the bit, reduces dust and to some extent, 
lubricates the drill bit. 	 Air mist flushing Is used
during drilling. 
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FIGURE 1 

UNOCAL'S LONG RIDGE MINE 

Drill lift Design 

During the early part of 1985, PDC drill bit design 
efforts were accelerated due to production demands. 
PDC cutter orientation was found to be an important 
factor, based on the mechanics of rock cutting and 
removal action. The back and side rake angles of a 
PDC cutter often determines the penetration rate 
and drill bit life. The back rake angle can be 
designed according to the attack angle at a given 
radius and rotary speed. The side rake pushes the

drill cuttings laterally across the bit face into the 
sink slots. The back and side rake angles are con-
sidered proprietary information by the bit manufac-
turers. 

Typical bit wear experienced during the development 
of the PDC drill bit was generally due to collaring 
of drill holes.	 A PDC drill bit is collared more 
than twenty times in a typical blast round. 	 Each
time the drill bit touches the formation, the PDC 
cutters are susceptible to chipping, 	 spalling or 
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improvement of PDC Drill Bit Performance 

FIGURE 2 

POLYCRYSTALLINE
DIAMOND COMPACTS 

415 ZN. 
LAYER rk

•. 
is. 

	

NIJISTRATE	
525 tj -i-

	
I	

I
1.640 IN. 

	

0!0 CACT
	 '-A	

4 
6 off isj  

ITW CUTTER 

tAt MINDER MITER

FIGURE 3 

ROTATIONAL SPEED
VERSUS

PENETRATION RATE 

8.9 cm PDC DRILL BIT 
to 

— 1.5-_	 - E	 Z 

-7 
2.0-	 t	 / , - 

Ia i.5 - 5 C	 --

z II- o	 3 
I-I 

•	 1 
0.5- 

Ia z 
'a 
R.	 I	 I 

	

250	 300	 350	 400	 450	 500	 550	 000

ROTATIONAL SPEED (RPM) 

separation of the diamond layer from the carbide 
wtrate. The damage to the cutters caused during 
collaring is approximately 80 percent of drill bit 
wear. Loss of bonding between the PDC cutter and 
the matrix also causes catastrophic failures.

The most important variable which influences in- 
creased drill bit life was found to be proper PUC 
cutter selection. There are a variety of grades and 
styles of cutters available today, 	 including high 
grade chamfered PDC cutters.	 Chamfered cutting
edges of the diamond layer reduces the chipping and 
spatting. The chamfer increases the amount of 
diamond contacting the formation and distributes the 
forces at the cutting edge over a larger area (see 
Figure 4).
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Properly collaring a drill hole also influences drill 
bit life.	 A drill hole should be collared cautiously 
with reduced weight on bit. 	 The driller must be
certain that all the cutters are embedded into the 
formation. Once the bit face is seated, weight on 
bit can be increased and full rate drilling can be 
resumed. 

Another key variable in improving drill bit life is 
the timely reconditioning of the PDC drill bits. A 
PDC drill bit reconditioning process encompasses: 
the rotation of a PDC cutter to expose a new cut-
ting edge, the replacement of a PDC cutter, or the 
rebuilding of a backing and replacement of a PDC 
cutter. 

The culmination of efforts from Unocal personnel and 
drill bit manufacturers (Christensen Mining Products 
and Buddy Incorporated) has improved the drill bit 
performance tremendously, according to Baloo. 

The average	 drill	 bit footage was	 over	 40,000 feet 
per bit on more than thirty PDC drill bits.	 A single 
PDC drill	 bit	 has	 drilled over 95,000 feet,	 and drill 
bit life	 exceeding 100,000 feet is	 within the 
foreseeable	 future. Table	 I shows the	 effect on 
drill bit	 cost per	 meter drilled.
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TABLE 1

DRILL BIT ws'r/METER 

Year Meters Cost Cost/Meters 

1985 41,781.4 $65,457.00 $1.57 
1986 96,883.1 $120,544.00 $1.24 
1987 225,596.8 $81,181.00 $0.36 
1988 319,013.1 $61,441.00 $0.19

SUPERIORITY OF SHALE OIL ASPHALT DEMONSTRATED 
IN LAB TESTS 

In 1986, a $2.5 million program was Initiated by The 
New Paraho Corporation (Parabo) to assess the tech-
nical and commercial feasibility of producing shale 
oil modified asphalt paving materials. This program 
was fostered by prior work conducted at the West-
ern Research Institute (WRI)), wherein it was dis-
covered that the unique physical and chemical 
properties of shale oil cause a significant reduction 
In moisture damage and in binder embrittlement when 
added to certain asphalt binder-aggregate systems. 
The WRI work on asphalt research resulted in the 
issuance of a United States patent covering the use 
of shale oil to improve the performance characteris-
ties of asphalt paving materials. 

Paraho has acquired from WILL the exclusive right to 
use this United States patent for commercial 
development purposes. Since acquiring this right, 
Paraho sponsored research has served to confirm the 
earlier research conducted by WILL, and has sig-
nificantly extended this research with efforts 
directed toward putting shale oil modified asphalts 
Into commercial practice. 

Some of this work was revealed by Paraho's 
L. Lukens at the 22nd Oil Shale Symposium. in 
recent years, a portion of the WILL research effort 
has been focused on the use of shale oil to improve 
the resistance of asphalt pavements to moisture 
damage and to binder ernbrittlement--two of the 
leading causes for asphalt pavement failure. 

Moisture damage results when water competes for, 
and ultimately causes the failure of, the adhesive 
bond between the asphalt binder and the aggregate. 
This breakdown in the asphalt-aggregate bond leads 
to a loss of the structural strength of the pave-
ment, resulting in stress symptoms such as rutting, 
raveling, flushing and cracking and, eventually pave-
ment breakup. Moisture damage can be caused by 
deficiencies in the asphalt binder, use of moisture-
sensitive aggregates, and environmental conditions 
such as exposure to excessive amounts of moisture 
and Increased traffic loading.

The solution to the problem of moisture damage must 
deal with means to resist the displacement by water 
of the asphalt binder from the aggregate surface--a 
mechanism known as "stripping.' Organic anti-
stripping agents have been developed and have en-
joyed some success.	 Their long-term effectiveness, 
however, remains in question. Hydrated lime also 
has been used to improve the pavement's resistance. 
to moisture damage; however, effective lime use re-
quires pretreatiag the aggregate, adding an additional 
processing step and thus increasing , costs. 

Binder cmbrittlement, on the other hand, results 
when the flow properties of the asphalt binder 
deteriorate to such an extent that, under the in-
fluence of physical or thermal stresses, the binder, 
and thus the pavement, fractures. Binder embrittle-
ment is caused by aging of the pavement through 
the process of sterle hardening and atmospheric 
oxidation--a process that is accelerated when the 
pavement is exposed to long periods of intense sun-
light. 

in an effort both to enhance the beneficial 
properties of shale oil modified asphalts and to in-
crease the percentage yield of shale oil that can be 
used for asphalt applications, Paraho has developed a 
process for converting shale oil residua into a shale 
oil modifier, which modifier, in turn, is blended with 
conventional petroleum binders to form the shale oil 
modified asphalt. The shale oil modified asphalt 
product which results is commercially labeled as 

SO M AT. 

Paraho contracted with CTL/Thompson, Inc. to ex-
amine the effects of the use of SOMAT on the en-
gineering properties of asphaltic concrete mix. This 
examination was based upon use of both fiveem and 
Marshall mix design methods as well as additional 
test methods specifically designed for the Parnho 
program. 

SOMAT samples were prepared by blending 
5-20 percent shale oil modifier with 95-80 percent 
conventional petroleum binder on a percent by 
weight basis. 

One conventional petroleum asphalt binder and two 
separate aggregates were used in the tests per-
formed by CTL/Thompson. The conventional 
petroleum asphalt binder was an AC-10 material ob-
tained from Conoco's Denver refinery. The two ag-
gregates were Lyons/Del Camino; a granitic aggregate 
obtained from the Western Paving Company of Den-
ver, Colorado; and a limestone aggregate obtained 
from the Bureau of Land Management quarry located 
near Rawlins, Wyoming. For each series of tests, 
asphalt mix specimens made from SOMAT and control 
specimens made solely from the conventional asphalt 
binder were prepared and tested using identical pro-
cedures. 

The use of SOMAT does not appear to affect either 
the stability or the flow characteristics of the as-
phalt mix, as measured by standard Marshall stability 
values, says Lukens. 
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Tests to measure the tensile strength of the asphalt 
mix were performed using ilveem coheslometer and 
indirect tensile strength test procedures. The results 
from these tests show that, In the case of asphalt 
mixes made with the limestone aggregate, the use of 
SOMAT provides a 10-20 percent improvement In the 
tensile strength of asphalt mix. No significant im-
provement in the tensile strength was observed when 
SOMAT was used with Lyons/Del Camino aggregate. 

Lukens points out that, while Marshall and ilveem 
engineering mix design methods address the strength 
properties of the asphalt mix, they do not provide a 
reliable prediction of how durable the asphalt mix 
will be In service. Climatic conditions; such as 
cyclic wetting and drying, cyclic freezing and thaw-
ing, temperature extremes and exposure to ultraviolet 
radiation; greatly influence the durability and thus 
the longevity of the asphalt pavement. To assess 
the durability characteristics of SOMAT, therefore, 
additional tests were performed to examine the ef-
fects of moisture on cohesion, the effects of 
freeze-thaw on tensile strength and the effects of 
exposure to ultraviolet radiation on binder embrittle-
ment. 

The Index of Retained Strength (IRS) is a measure of 
the ability of the asphalt mix to resist the 
detrimental effects of water on the cohesive bond 
between the asphalt binder and the aggregate. IRS 
Is defined as the ratio of the compressive strength 
of a specimen that has been Immersed In water for 
96 hours to the compressive strength of a specimen 
that has not been subjected to Immersion in water. 

Table 1 presents the results of IRS tests performed 
on control and SOMAT asphalt mix specimens for 
both the Lyons/Del Camino and limestone aggregates. 
The SOMAT specimens were prepared by the addition 
of 10 percent shale oil modifier to the Conoco 
AC-10 asphalt binder, whereas the control specimens 
were made from Conoco AC-10 only. As shown, the 
use of SOMAT resulted in a significant increase In 
both the dry and wet compressive strength as well 
as the Index of Retained Strength for both ag-
gregates.

These test results show that the use of SOMAT 
greatly strengthens the cohesive bond between the 
asphalt binder and the aggregate for both dry and 
wet conditions and enhances the pavement's ability 
to resist moisture damage. 

The next series of tests were designed to assess the 
pavement's ability to retain its strength when sub-
jected to freeze-thaw cycles. In preparation for 
these tests, each specimen was compacted to a total 
air void of between six to eight percent. The 
specimens then were vacuum saturated with water 
until approximately 70 percent of the total voids 
had been filled, placed in sealed containers to 
prevent the loss of moisture, and then subjected to 
a series of freeze-thaw cycles. Each asphalt mix 
specimen was frozen at a temperature of -10 0 F for 
16 hours and then allowed to thaw to room tem-
perature for eight hours. 

Indirect tensile strength tests were performed after 
1, 3, 3, or 9 freeze-thaw cycles. The indirect ten-
sile strengths of the specimens that had been sub-
jected to freeze-thaw cycles then were compared to 
the indirect tensile strengths of specimens which 
were not subjected to freeze-thaw. The ratio of 
these two strengths Is defined as the Tensile 
Strength Retained (TSR). 

The results of these freeze-thaw cycle tests are 
shown in Figure 1 and 2 for the Lyons/Del Camino 
and limestone aggregates, respectively. These results 
show that the use of SOMAT greatly enhances the 
ability of the asphalt mix to retain its strength 
when subjected to freeze-thaw cycles, providing fur-
ther evidence of SOMAT's ability to strengthen the 
asphalt-aggregate bond and to resist the effects of 
moisture damage. 

In the effort to assess the ability of SOMAT to 
resist age hardening or binder embrittlement when 
exposed to ultraviolet radiation, Identically prepared 
SOMAT and control specimens were subjected to ac-
celerated ultraviolet weathering using a double car-
bon are weatherometer operated by the Manville 
Corporation.	 To simulate accelerated weathering, 

TABLE 1 

IlCKt OF RETAINED STRflCTH 

Wet	 Dry
Compressive Compressive 

Strength	 Strength 
(psi)	 (psi)

Index of 
Retained 
Strength 
(percent) 

Limestone Aggregate: 
Control	 211 
Somat	 270 

Lyons/Del Camino Aggregate: 
Control	 145 
Sonnt	 211

240	 88 
263	 103 

204	 71 
256	 82 
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In addition, Paraho's research has led It to conclude 
that laboratory-scale tests alone are not sufficient 
to develop a conclusive case that one paving system 
will perform better than, or worse than, another 
when put to actual road use. Consequently, field 
evaluations, Involving the construction and monitoring 
of test strips, are an essential element of Paraho's 
program to develop a commercially viable alternative 
paving material. 

LLNL REVIEWS PROGRESS IN OIL SHALE TECHNOLOGY

Research on	 oil shale	 retorting has been carried out 
at	 the Lawrence	 Livermore National Laboratory 
(LLNL) for over fifteen years. The LLNL is operated 
for the Department of Energy (DOE) by the	 Univer-
sity	 of California.	 The	 LLNL oil	 shale project	 is 
part	 of a	 government	 sponsored	 oil	 shale	 research

program managed by the DOE's Morgantown Energy 
Technology Center. The Sixth Briefing on Oil Shale 
Research held at LLNL October 18 and 19, 1989, 
presents results accomplished since the last briefing 
held In 1985. Previous briefings were conducted in 
1976, 1978, 1980 and 1982. 

The objective of the LLNL oil shale project is to 
provide a technical base which will contribute to 
the advance of retorting technology. Technical 
development is essential for the establishment of an 
economically viable and an environmentally accept-
able industry. Because of the long lead time it is 
essential that technical progress be continued in or-
der to provide the option by the beginning of the 
next century of competitively producing liquid fuels 
from oil shale. 

The approach taken at LLNL is aimed at obtaining 
answers that are both specific and general enough 
to be applicable over a broad range of conditions. 
Workers at LLNL have assembled Vie known fun-
damental physics and chemistry of retorting processes 
Into mathematical computer models that describe the 
processes. These models have been tested by com-
parison with laboratory experiments and operating 
experience with continuous-loop retorting systems. 
The models are used to define problem areas in the 
processes and predict how process components or a 
complete system will operate at any scale. 

Researchers at LLNL believe they have made major 
strides In recent years in understanding the fun-
damental chemistry of oil shale retorting. Brief 
summaries of some of the areas covered at the Oc-
tober briefing follow. 

Proc Overview 

The surface processing concept developed at LLNL 
accomplishes transfer of heat to the shale by using 
previously retorted shale as a heat carrier and 
mixing this material with the raw shale. The 
retorted shale is heated by burning the organic 
residue which Is left on the shale when retorting Is 
complete.	 This hot-recycle-solid (Has) process 
(Figure 1) circulates shale alternately through retort 
and combustion units. Gas blocks are provided to 
prevent mixing of gases in the oxidizing and reduc-
ing regions. 

The retort consists of two sections. The first sec-
tion is a two stage fluidized bed. In this bed, hot, 
burned shale is mixed with cool, raw shale. The 
resulting temperature after mixing is about 5000C. 
The second section of the retort Is a moving, 
packed bed. The pyrolysis of the raw shale Is com-
pleted In this section. Since solid motion In the 
second section Is almost plug-flow, the residence 
time of solid in the retort is almost uniform. 

The combustion portion of the solid circulation loop 
consists of three sections. Retorted shale leaving 
the moving, packed bed passes to an air operated 
lift-pipe.	 In this pipe, the shale is lifted to the
top of the equipment tower and some combustion of 
organic residue occurs. 	 More than half of the re-
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FIGURE 1 
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quit-ed combustion will occur in the lift pipe. At 
the top of the tower, the burning shale is separated 
from the lifting gas and allowed to fall through the 
second combustion section. This section consists of 
staggered rows of parallel, horizontal rods which 
delay the fall of solid and thereby provide time 
(approximately five seconds) for combustion to 
proceed. Finally the burning shale passes to a 
fluidized bed which Is operated by air or by a mix-
tare of air and flue gas. In this section, combus-
tion is completed and excess solid material in the 
loop is rejected.	 From the air fluidized bed, the
hot shale passes to the retort mixer. 

A laboratory pilot plant with a processing rate of 
four tonnes per day has been built at LLNL. 

Isotherumi Kinolica 

Pyrolysls kinetics have been the backbone of the 
LLNL oil shale program since its inception. The 
studies have provided kinetic data and data handling 
techniques. Up until now, even such a simple prac-

tical question as, "What is the optimum hold time 
for oil shale in a 500 0C Isothermal retort?" could 
not be answered by published Isothermal kinetics 
results within a factor of six. With the advent of 
the microcomputer code KINETICS, LLNL needed bet-
ter quality data (particularly, isothermal data). 

Recent results have been obtained with a new ap-
paratus for Isothermal pyrolysis of oil shales. Green 
River and New Albany shales were heated in a 
fluidized sand bed (with or without burnt shale 
present), and volatile pyrolysis products were trans-
ferred via a short line (at pyrolysis temperature) to 
a combustion tube where they burned. Resulting 
H20 and CO2 were detected in real time by mass 
spectrometry. Residual char was subsequently burned 
to allow a complete C and H balance. 	 Excellent
closure was obtained. 

Green River kerogen pyrolysis was found to be 
nearly first order. However, under certain condi-
tions adsorption/desorption of hydrocarbon vapor 
resulted in tailing emissions that obscured the true 
details of pyrolysis. Thus, all the experimental ap-
paratus that the pyrolysis products contacted had to 
be near pyrolysis temperature to avoid condensation 
of heavy oil which then desorbed slowly. 	 Delayed
detection of products was observed with transfer 
lines at 300 0C rather than 450 0 C.	 Dust also
retarded the movement of effluent to the detector. 

The kerogen pyrolysis rate was found to be unaf-
fected by additives such as steam. However, the 
slow evolution of carbon-containing gas from the 
decomposition of carbonate minerals-and perhaps from 
charring as weli--introduced uncertainty in the rate 
as pyrolysis neared completion. Steam accelerated 
carbonate decomposition, and the additional slow 
release of CO 2 (with a rate proportional to partial 
pressure of H2O) was visible in the kinetic plots. 

Hydrocarbon Yields from a Solid-Recycle Retort 

Char combustion and recycle of burnt shale as a 
solid heat carrier has several important advantages 
for oil shale processing. However, burnt shale is 
not inert, and its presence in the pyrolyzer con-
tributes to the conversion of volatile hydrocarbons 
to coke. This may place constraints on the use of 
burnt shale as a heat carrier. 

At LLNI. a fluidized-bed pyrolyzer and a novel 
detector have been developed that can obtain ac-
curate carbon balances from bench-scale flash 
pyrolysis and combustion experiments. They find 
that volatile organic carbon release Is inversely re-
lated to the quantity of burnt shale present in the 
fluidized sand bed. Eastern all shale (NA13) is more 
susceptible than western oil shale (AP24) to yield 
losses due to oxidized shale. In a clean sand bed, 
NAI3 gave 130+10 percent of the assay yield on 
flash pyrolysis; hydrocarbon production dropped below 
90+5 percent of assay when the burnt/raw ratio in 
the fluidized-bed pyrolyzer was four (all yields in-
clude gas). AP24 yielded 115+5 percent of assay in 
the absence of burnt shale, and 95 percent of assay 
at a burnt/raw ratio4.	 Retorted but unoxidized 
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Devonian shale was like sand; no yield loss was 
noted even at high recycle ratios.

cracking is efficient in destroying aliphatic hydrocar-
bons. 

In general, the yield of hydrocarbons was very sen-
sitive to the properties of solids (e.g., burnt shale) 
In the bed.	 Some improvement relative to burnt 
shale, but not relative to sand, was possible. For 
example, steam and ammonia (three percent in argon) 
decreased coke forthation but did not totally negate 
the impact of burnt shale. Raising the burn tem-
perature of the spent shale proved beneficial for the 
eastern shale, but a burn temperature high enough 
to decompose carbonate minerals (with a resultant 
increase in surface area) promoted coking activity of 
western burnt shale.	 With shale and recycle ratio 
the same, variation of temperature or particle size 
had no detectable effect on yield. These findings 
suggest that yield loss can be moderated, but not 
completely eliminated, by reducing the burnt shale's 
oxidizing properties. 

011 Cracking and Coking 

Two Important types of reactions associated with the 
loss of oil production during retorting are the 
cracking and coking reactions. Previous LLNL brief-
ings discussed the deleterious effects of these reac-
tions on oil yield. Major contributions to under-
standing of cracking and coking reactions were made 
In the past based on experiments with Fischer Assay 
produced oil exposed to hot, burned shale and 
fluid-bed produced oil exposed to quartz at high 
temperatures. More recent work provides material 
balanced measurements of oil loss during isothermal 
exposure of revaporized shale oil to either burned 
shale or quartz. 

Experiments conducted with quartz packing over a 
range of oil vapor residence times from three to 23 
seconds, show that the fraction of oil cracked In 
the retort approaches an asymptomatic value in 
about 20 seconds. It was observed that as the con-
centration of oil vapor passing into the reactor 
decreases this asymptomatic value increases. This 
Information is useful for predicting the cracking be-
havior of oil vapor in the heated, free space and 
transport lines within a surface retort. Neither 
stainless steel nor quartz surface areas have any 
apparent effect on these homogeneous, gas-phase 
reactions referred to as "cracking." The cracking 
losses at 550°C and 600 0C have been fitted to a 
single, first-order rate expression and the rate con-
stants used to calculate an activation energy of 
49 kilocalories per mole. 

The understanding of coking reactions that take 
place at burned shale surfaces is much more compli-
cated. Losses with shale present are a combination 
of both the gas-phase cracking and the shale-surface 
coking of oil. Furthermore, LLNL has shown that 
the amount of char already deposited on the spent 
shale changes the rate of subsequent char produc-
tion. Analyses of the oils recovered from these ex-
periments provide further comparisons between crack-
ing and coking reactions.	 Coking tends to remove
aromatics and nitrogen-containing compounds, while

Sulfur Chemistry 

The combination of high sulfur content (two to six 
weight percent) and low carbonate mineral content 
of eastern shales Is a serious block to the potential 
development of this resource. The Green River 
shales of western United States, on the other hand, 
contain less sulfur (approximately one weight per-
cent) and a high concentration of carbonate minerals 
that generally capture sulfur gases both during 
retorting and combustion. 

Thus, although the sulfur chemistry of western shales 
must be understood, to correctly design the heat 
balance of retorts, to predict capacity and rate of 
sulfur dioxide (SO 2 ) scrubbing, and to avoid hydrogen 
sulfide (1125) emissions during shale cooling, sulfur 
chemistry is not a major factor in process design. 
In the case of eastern oil shale, control of 502 
emissions dominates process design, and no practical 
solution is in sight. 

LLNL has measured the distribution of sulfur during 
recycle retorting of both eastern, and western shale. 
The principal source of sulfur Is the mineral pyrite 
(FeS 2 ).	 During pyrolysis pyrite decomposes in part 
to FeS releasing sulfur. Factors which accelerate 
pyrite decomposition are: high temperature, decreas-
ing particle size, and decreasing sulfur vapor pres-
sure. In shale retorting, sulfur vapor pressure is 
lowered by the reaction of hydrogen with sulfur to 
form 1125 and pyrite decomposition can be ac-
celerated to the rate measured under vacuum. 

Two shales with the same sulfur and pyrite content 
may show striking differences in the rate of sulfur 
release depending on the pyrite grain-size distribu-
tion because the time for a particular pyrite grain 
to decompose depends on the ratio of surface area 
to mass. Pyrite may stilt be found at the exit of 
the pyrolyzer, and the larger grains of pyrite in the 
shale even survive a trip through the combustor. 

Almost no 11 2 5 was found In the pyrolysis gas from 
recycle retorting because It was captured by oxides 
and carbonates. It was found that the rate of 1128 
capture by Iron oxide is more rapid than the cap-
ture rate with calcium-magnesium carbonate 
(dolomite). 

Combustion of iron sulfides during oxidation of 
retorted shale produces 502. In the case of Green 
River shale 502 is captured by carbonates native to 
the shale. Measured rates of reactions show that to 
utilize the native carbonates of western shale as 
scrubbing agents for large amounts of high-sulfur gas 
will require combustion temperatures above 7500C. 
Generally combustion of western shale is kept below 
this temperature to reduce CO 2 emissions and heat 
losses.	 When carbonates are utilized for 802 cap- 
ture,	 n corresponding amount of CO 2 will be
released and combustion can be carried out at high 
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temperatures with a trade of CO 2 emissions for 
802 emissions. 

LLML concludes that carbonates can be added to 
combustors of retorted eastern shale to capture 8021 
but 30 tons of carbonate would be needed to treat 
100 tons of retorted shale--even at a combustion 
temperature of 8250C. 

Design Tradeoffs 

LLNL has developed a mathematical model to simu-
late a commercial-size, hot-solids recycle retorting 
process, consisting of a staged fluidized-bed 
pyrolyzer and a lift-pipe combustor. They used this 
to see how variations in process specifications 
(temperatures, residence times, pressures, etc.) would 
affect cost-related items such as reactor sizes, 
utility requirements, and yield. They also simulated 
how a plant, built with fixed reactor dimensions, 
would respond to changes in operating conditions 
such as shale grade, shale feed rate, and fines con-
tent. 

These results showed that costs can be shifted from 
the combustor side of the process to the pyrolyzer 
side by decreasing pyrolysis temperature and/or in-
creasing recycle ratio. Higher combustor pressure or 
oxygen/air enrichment would reduce the number and 
height of lift pipes at the expense of large blower 
capacity or oxygen costs. Very large changes in 
shale grade or rate would not significantly upset 
plant operation. Plant operation would be extremely 
sensitive to the fraction of fines in the raw shale 
unless the fines are pyrolyzed completely before 
being fed to the combustor. Ranked from best to 
worst, the control options considered are manipula-
tion of the: solids recycle ratio, combustor 
oxygen/air fraction, lift-pipe pressure, raw-shale 
preheat temperature, and extent of fines pyrolysis. 

Pilot Plant Cold Flow Tests 

The solid circulation loop of the HRS system 
(Figure 1) has the following major components. 

- Lift Pipe 
- Delayed-Fall Combustor 
- Fluidized-Bed Combustor 
- Fluidized-Bed Mixer 
- Packed Bed Pyrolyzer 

Cold flow tests were carried out on these com-
ponents.

The	 lift pipe serves	 two functions. It transports 
retorted shale to	 the

	 top of	 the tower and	 it 
provides most of the char combustion. The lift pipe 
should operate reliably, provide	 a long residence

time for the solid, and have a steady, predictable 
pressure difference. The cold flow test performed 
on the lift pipe model indicates that these features 
can be achieved. Using an upward air speed of ap-
proximately 12 meters per second, the upward speed 
of the solid varied from approximately six meters 
per second for the largest particles to approximately 
11 meters per second for the smallest particles. 

The delayed-fall combustor provides five seconds 
residence time for the solid and intimate mixing 
with air. Since the solid flow capacity per unit of 
cross-sectional area Is very large, this equipment 
could readily be scaled up to industrial size. Tests 
performed on the model show that the downward 
speed of the solid is independent of the solid flow 
rate for the range of 12 to 17 kilograms per 
minute. This requires that the height of the 
delayed-fall combustor be about 2.5 meters. 

The fluidized bed combustor has several functions in 
addition to char combustion. This unit provides a 
gas pressure difference to balance the pressure dif-
ference which occurs in the lift pipe. The bed also 
rejects excess solid from the circulation loop. The 
rejected material flows out of the bed at the top. 
Because of particle size segregation in the bed, the 
rejected material includes most of the very small 
particles. The model testing showed good size 
segregation and nearly constant pressure difference 
over a wide range of fluidization-gas flow rate. 

The function of the fluidized-bed mixer is the 
mixing of raw shale (at or near ambient tempera-
ture) with burned shale at high temperature, typi-
cally about 700 0 C.	 The fluidized bed consists of 
two stages. in the first stage, the solid moves 
downward between the vessel wall and a baffle 
plate. At the bottom of the bed, the solid flows 
around the lower edge of the baffle. The second 
stage provides upward solid flow between the baffle 
and vessel. 

The combination of downward and upward flow par-
tially balances the different flowspeeds of large 
and small particles thereby making residence time of 
the large and small particles nearly equal. Model 
test results show an average solid residence time of 
35 seconds. 

The packed bed pyrolyzer (Figure 2) holds the shale 
for completion of pyrolysis. Since the solid motion 
Is essentially plug-flow, the residence time is almost 
uniform.	 This residence time can be changed by 
changing the height of solids in the bed. Because 
of previous favorable experience with this type of 
pyrolyzer, LLNL decided that cold flow testing of 
this unit was not necessary. 
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FIGURE 2
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SPENT SHALE TESTED AS PAVEMENT SUBORADE 
STABILIZER 

A thesis by K. Suryavanshi, submitted to the Depart-
ment of Civil Engineering at the University of 
Wyoming in December, 1989, is titled 'Pavement Sub-
grade Stabilization Using Oil Shale Solid Wastes." 

Oil shale solid waste has the potential to be used 
as a low-cost construction material. This Is partly 
because some oil shale solid wastes are pozzolanic, 
that is, they will set and harden when mixed with 
water. This cementation probably results from the 
formation of hydrous cements, which may include 
tobermorite,	 ettringite,	 and	 low	 sulfate-
sutfoaluminates. By mixing these waste materials 
with water and soil or aggregate, it may be possible 
to produce new materials with Improved engineering 
properties. Suryavanshi's thesis evaluates the techni-

cal feasibility of using oil shale solid waste to ira-
prove the engineering performance of pavement sub-
grades. The study consisted of a laboratory tasting 
program and the design of a pavement test section. 

Two natural soils and one blended aggregate were 
combined with five types of spent shale, to evaluate 
the engineering properties of spent shale stabi-
lization. 

S11 Stabilization 

The most widely-used agents for subgrade stabi-
lization include lime, cement, fly ash, and bitumen. 
Lime reacts readily with most plastic soils containing 
clay. This includes fine-grained clays or clay-gravel 
soils that range in plasticity index from 10 to 
greater than 50. In general, fine-grained soils ex-
hibit reduction in plasticity, improved workability, 
and increase in strength when mixed with lime. 

The prominent effects of portland cement stabi-
lization are the reduction of soil plasticity and 
cementation. Cement stabilization resembles lime 
stabilization in many ways, except that with cement, 
pozzolanic material is present in the cement initially 
and need not be derived from the soil itself. 
Well-graded granular materials that possess sufficient 
fines give the best results when mixed with portland 
cement. 

Fly	 ashes	 are	 used	 in	 soil	 stabilization	 to	 act	 as 
pozzolans	 and/or	 as	 fillers	 to reduce	 air	 voids	 In 
naturally	 occurring	 soils	 or blended	 aggregates. 
Since	 the particle size	 of fly ash normally is 	 larger 
than	 the	 voids	 In	 fine-grained soils,	 fly	 ash	 is	 not 
used as a filler in fine-grained soils.	 Thus,	 the	 role 
of	 fly	 ash	 In	 stabilization	 of fine-grained	 soils	 is 
that of a pozzolan.	 Most clays are	 at	 least slightly 
pozzolanic	 and	 do	 not	 require additional	 pozzolans. 
Therefore,	 silts	 are	 generally considered	 the	 most 
suitable	 fine-grained	 soil	 type for	 treatment	 with 
lime-fly ash or cement-fly ash mixtures.

The mechanisms Involved in the stabilization of soils 
and aggregates with asphalt differ greatly from 
those involved in cement and lime stabilization. The 
basic mechanism Involved in asphalt stabilization of 
fine-grained soils Is waterproofing. 

Oil shale cement technology shows that the develop-
ment of strength by moistened shale ash can be at-
tributed to the formation of tobermorite gel, low 
sulfate -sulf oaluminate, and possibly ettringite. Based 
on the limited data available, Suryavanshi says spent 
shale would be classified as an "active" stabilizer 
for soils, and appears to have characteristics that 
are similar to those of fly ash. 

Laboratory Tests 

Unconfined compressive strength tests were used to 
determine whether various mixtures of spent shale, 
water, and soil could be found which could develop 
sufficient strength for stabilized highway construc-
tion. Then a sufficient number of tests were con-
ducted to determine the strength, durability, and 
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compressibility properties of spent-shale stabilized 
materials to determine the feasibility of using these 
materials In highway construction. All five spent 
shale types were tested with Soil A, two spent shale 
types were tested with the base course aggregate, 
and one spent shale type was mixed with Soil B. 
Two methods of mixing the soil with spent shale and 
water were evaluated, and three curing techniques 
were used at various stages of the testing program. 
All five types of spent shale improved the strength 
of Soil A. Addition of spent Shale A slightly 
decreased the seven-day strength of Soil B, but In-
creased the California Bearing Ratio (CBR), and 
decreased the plasticity. Soils A and B and the 
base course aggregate failed to withstand the 
durability test. The clay fraction within Soils A and 
B was causing the mix to shrink and swell, because 
samples of spent shale A lasted 12 cycles of 
durability while samples of Soils A and B without 
any spent shale in it failed. The addition of 
portland cement to the soil/spent shale mix Improved 
the durability of Soil A, while the addition of 
hydrated lime improved the durability of Soil B. 

Pavement Design 

The Federal Highway	 Administration	 (FHWA)	 designed 
the	 Hahn's Peak	 road	 near	 Steamboat	 Springs, 
Colorado with	 pavement	 on	 unstabilized 
A-7-6	 subgrade. Their	 design	 was	 based	 on	 an 
R-value of five.	 In	 Suryavanshl's	 thesis	 the	 design 
of	 a	 test section	 was	 modified	 to	 incorporate 
Shale A as a subgrade	 stabilizer.	 This	 design	 was 
based	 on a	 seven-day	 unconfined	 compressive 
strength	 of 50	 psi	 (for	 Soil	 B	 with	 10	 percent 
Shale	 A), which	 correlates	 to	 an	 ft-value	 of	 50. 
The	 design based	 on	 stabilized	 subgrade	 eliminated 
the 10 inches of crushed aggregate subbase, in favor 
of	 10 inches	 of	 spent-shale-stabilized 
A-7-6	 subgrade.	 This	 illustrates	 how	 soil	 stabi-
lization	 improves	 the	 fl-value	 and	 subsequently 
decreases	 the pavement thickness.	 Both designs, in-
cluding all design	 calculations,	 are presented In	 the 
thesis.

Caiehmian 

The study concludes that soil stabilization using 
spent shale appears to be technically feasible. This 
is based on: 

- Increases In unconfined compressive strength 
observed for Soil A when mixed with five 
different spent shale types. 	 The unconfined

compressive strength observed for Soil A 
without any spent shale added was 75 psi. 
With spent shale, the unconfined compressive 
strength ranged from 150 psi to 660 psi. 

An Increase in fl-value and reduction in the 
plasticity index of Soil B when mixed with 
Shale A. Results indicate an increase in the 
R-value from seven to 34 for same-day 
strength and an fl-value of 41 for eight-day 
strength. The plasticity index of Soil B 
decreased from 25 to 13 upon the addition 
of 10 percent Shale A. 

It was found that the method of mixing the soil, 
spent shale, and water significantly affects the 
strength of the stabilized soils. When the soil and 
spent shale are mixed independently at their optimum 
water contents and then combined, higher strengths 
result, compared to when the soil and spent shale 
are mixed dry and then water is added to the mix. 

The water content that corresponds to the maximum 
strength Is not the same as the water content that 
yields the maximum dry density ("optimum water 
content") for soil/spent shale mixes. This is sig-
nificant because the design of pavements on stabi-
lized subgrade are usually based on an increase in 
strength values.	 The design water content should
correspond to maximum strength. 

The results of strength tests on stabilized aggregate 
were not conclusive. Shale A yields the highest 
strengths (50 psi), which is well below the feasibility 
requirements of 200 psi. Earlier unpublished results 
of strength tests on stabilized aggregate indicate 
values in excess of 300 psi, using a different 
method of curing. 

The highway materials used in the study failed to 
satisfy standard AASHTO durability criteria when 
mixed with spent shale. The spent shale, by itself, 
had better durability than the highway materials 
evaluated. The two soil types exhibited shrink-swell 
properties when tested in wetting-drying cycles. 
The soil sample would absorb water during the wet-
ting cycle, and shrink upon drying. This resulted in 
excessive volume change, and early breakdown of the 
soil sample. The aggregate-shale mix failed because 
of inadequate cementation to hold the sample 
together. 
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INTERNATIONAL 

OIL SHALE RESOURCES PRESENT IN ARAB COUNTRIES 

Members of the Organization of Arab Petroleum Ex-
porting Countries have appreciable resources of oil 
shale and shale oil according to a paper presented 
by M. Lababidi at the 14th World Energy Conference 
held in Montreal, Quebec, Canada in September. 
Lababidi says that oil shale must have a large 
amount of organic material to be of economic value. 
A lower limit of five percent organic content by 
weight is frequently used and It corresponds ap-
proximately to an oil yield of 25 liters per metric 
ton of rock. 

Reserves in place, which refer to the bulk hydrocar-
bon volume of the accumulation are relatively easy 
to estimate. They depend on the volume of the 
sedimentary rocks and the organic matter concentra-
tion. Estimating recoverable reserves is more dif-
ficult, since they are changeable and depend on dif-
ferent technical and economic criteria. In Lababidi's 
discussion, reserves refer to resources in place. 

Oil shale Is known to exist in many Arab countries. 
Major deposits have been identified in Morocco, Jor-
dan and Syria. Table 1 summarizes the main oil 
shale and shale oil resources in these countries. 

TABLE 1 

RESflJS OF OIL SHALES AND SHALE OIL
IN ARAB COUNTRIES 

Major Shallow Oil Shales	 OilShae Oil 
Deposits	 (ion Tons)	 Yield, (96) (10 1 Bbls) 

Norocco	 100 
Tinmhdit	 20	 7.3	 9.2 
Tarfaya	 80	 5.7	 28.7 

Jordan	 37 
Lejjun	 1.3	 10.0	 0.8 
Sultan	 0.9 

Syria 
Yanmuic Valley	 Under Evaluation 

Pilot tests and laboratory experiments have been 
carried out on these rocks to evaluate the pos-
sibility of their exploitation either by direct burning 
or by distillation.	 The results of both applications 
seem to be encouraging. 	 The exploitation of oil
shales Is extremely important for Morocco and Jordan 
which	 are poor in	 conventional hydrocarbon
resources. The decision to start commercial utiliza-
tion of those resources depends, as in other 
countries, on technical developments, oil prices and 
pollution treatment. Nevertheless, oil shale resources

in the Arab countries are not expected to be ex-
ploited commercially before the end of this century. 

In other papers presented at the same conference, 
Jordanian oil shale reserves, situated mainly in the 
southern part of Jordan, were estimated at about 
50 billion tons. Their quality for the production of 
oil or as fuel for generation of electricity is rela-
tively good. Mining Is Inexpensive and the near 
surface strata of the shale enables open-pit mining. 

However, the problem with oil shale in Jordan, as in 
every other part of the world, is economics. There-
fore, Jordan's oil shale resources are not likely to 
become a significant contributor to domestic energy 
supplies until the next century. However, a great 
deal of effort has been exerted in doing geological 
and feasibility studies. It is possible that a 
demonstration power plant burning shale directly 
could be built in the next ten years providing data 
for future exploitation. 

USSR SHALE TAR DISTILLATION PRACTICES DETAILED 

A new publication from the Soviet Union, Handbook 
on Shale Refining, covers the entire subject of shale 
oil refining and upgrading. Continuing a partial 
translation begun in the Pace Synthetic Fuels Report, 
September 1989, we discuss here the shale tar dis-
tillation procedures. 

DiaUllatkn at Baltic Shale Tar 

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

A mixture of shale tars, which Includes coking dis-
tillates, undergoes preparation before being directed 
to distillation. This step Is Important for Insuring 
product quality and yield of Intermediate products, 
as well as for the stable operation of the distilla-
tion apparatus. 

In the period 1963-64, tar distillation was conducted 
by a design which specified atmospheric-vacuum dis-
tillation in tube units of the type used in the refin-
ing of petroleum. Subsequently, vacuum distillation 
was discontinued because the heavy portion of the 
tar, i.e., the raw material desired for coking, was 
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being lost with the distillates.	 The distillation of
tars Is now conducted only at atmospheric pressure. 

A principal design for the atmospheric distillation of 
shale tars is presented in Figure 1. The key to 
Figure 1 may be found in Table 1. This design was 
perfected through many years of testing at P.O. 
"Slantsehim," and has been proposed for the com-
prehensive production of tar cokes at S.P.Z. 
"Slantsui".

TABLE 1 

KEY 10 FIJEE 1 

Raw Tar Mixture 
II Phenolic Water 
Ill Fraction 80-1800C 
IV Fraction 170-2300C 
V Fraction 230-3600C 
VI Fraction 320-3600C 
VII Plus 360°C ResIduals 
1,5 Tube Furnaces 
2,6 Rectification Columns 
3,4,13,15 Air Cooler 
7,8,12 Heat Exchangers 
9,11 Stripping Columns 
14,16 Separators

The raw mixture Is heated to 165 0C in heat ex-
changers, so that the heat of the outgoing tar frac-
tion passes into degaslfication (topping) column 2 
(diameter 1.8 meters, height 26.5 meters) which is 
equipped with 20 valved, single-flow trays. Vapors 
from the 80-180 0C fraction and water vapors are

sorted in the upper section of	 the column.
Degnsified (topped tar) Is sorted in the lower sec-
tion. A portion of the degasified (topped) tar 
passes Into tube furnace 1, where it is heated to 
365°C and is sent back Into column 2 in the form 
of a "hot stream'. The remaining quantity of 
degasified (topped) tar is fed through tube furnace 1 
set at a temperature of 365 0C to the fifth tray of 
rectification column 6 (diameter 2.4 meters, height 
43.8 meters) equipped with 50 valved, single-flow 
trays. Vapors from the 80-180 0 C fraction are 
removed from the upper portion of column 6. The 
180-230, 230-320, and 320-360 0 C fractions are drawn 
off through side fraction stripping columns 9-11 
(diameter 1.0 meters, overall height 33 meters, with 
five valved, single-flow trays in each column). Ex-
cess heat from column 6 is drawn off by two cir-
culating refluxers through air coolers 3,4. 

Re-heated water vapors from the light fraction are 
fed into the lower portion of column 6 and stripping 
columns. Air coolers are used to condense the 
vapors which form in the upper portion of columns 2 
and six. The tube furnaces have both radiant and 
convective sections. 

The characteristic features of raw material (tar mix-
tures with coking distillates), and the distillation 
products, as well as averaged data on their yield, 
are presented in Table 2. 

The raw material mixture consists of the following 
composition: generator tar 49 percent, chamber tar 
14 percent, coking distillates 20 percent, recirculated 
gasoline fraction 17 percent. 

By combining raw tar mixtures with coking distillate 
(whose chemical composition is practically identical 
to the corresponding fractions of the original tar), 
the amount of the 230-320 0C and 320-360 0 C frac-
tions has been increased by 40-45 percent. The to-
tal amount of these fractions in the raw generator 
tar is only 30-35 percent, while the yield of light 
fractions (to 230 0 C) does not exceed 10 percent. 

Refining Shale Tar From the Kashplrsk Dqiit 

Tar from the Kashpirslc deposit is prepared in gas 
generators at the Suizransk S.P.Z. This tar, as well 
as tar from shale-kukersite, Is characterized by 
widely ranging boiling points. It is, however, quite 
different from Baltic shale tar with respect to the 
high sulfur content (six to eight percent), and high 
nitrogen content (up to one percent). In the light 
and middle fractions of this tar the amount of sul-
fur compounds is 35-40 percent. Some 
30-35 percent of these compounds are thiophenes, 
and five to eight percent are cyclosulfides and other 
sulfur compounds. Neutral oxygen compounds in 
these fractions comprise 15-25 percent, and are, to 
a significant degree, present as carbonyl compounds. 
Also present are acidic oxygen compounds (primarily 
phenols)--six to seven percent, and nitrogen com-
pounds (pyridinic and quinoilnic based)--three to five 
percent. The amount of alkanes, cycloalkanes, and 
unsaturated hydrocarbons in these fractions does not 
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TABLE 2 

RAW MATERIAL AND PWIXJCFS DISTILLED FROM TAR MIXTURES 
AT P. 0. "sLAWrslI 

Raw Fraction, °C Residuals 
Material initial 180- 230- 320- Higher 
Mixture Bp-180 230 320 360 than 3600C 

987 798 868 956 1020 1030 
92 87 179 220 280 --

14 95 2 -- -- --
17 -- 30 -- --
25 -- -- 10 -- --
33 -- -- 70 3 --
40 -- -- 87 10 3 
55 -- -- -- 68 10 

0.30 -- -- -- -- 0.60 
0.05 -- -- -- -- 0.11 

100 15-16 4 20-24 9-14 45-47

Features 

Density at 20 0C, kg/.3 
Initial Boiling Point, °C 
Distilling, (Evaporation), 

% by Volume at 
up to 1800C 

200°C 
250°C 
300°C 
3500C 
3600C 

Content, % 
Mechanical Inpurities 
Ash 

Yield of Distillation 
Products, % 

at 75°C 

exceed 10 percent, while the quantity of arenes is 
25 percent. 

Semi-coking tar obtained from Kashplrsk deposit 
shales is unsuitable for direct use in the production 
of liquid fuels due to its high sulfur content. This 
tar is refined In small quantities at the Suizransk 
S.P.Z. to obtain various specialized chemical 
products. 

Raw tar containing up to 10 percent water and 
0.6-1.0 percent mechanical Impurities, is settled in a 
decanting vessel. The water content is reduced to 
two percent (Table 3). The material is then fed to 
a continuously-operating vertical still which is 
combustion-heated to distill the tar in the presence 
of steam. The distilled 175-250°C and 250-3500C 
fractions are separated using rectification columns 
containing 12 bubble-capped trays. The residual 
fraction (higher than 350 0 C) is removed from the 
still. 

A mixture of the 175-250 0C fractions is used to 
prepare medicinal ichthyol (sulfttone) by the follow-
ing technology: the fraction mixture is heated to 
remove the phenols using an aqueous solution of 
18-23 percent sodium hydroxide. 	 To remove 
pyridine-based compounds, 	 the mixture is then 
treated with 35-37 percent sulfuric acid. The 
purified mixture is then sulfonated with oleum 
(12-14 percent free sulfur anhydride) at 65-750C. 
The sulfuric acid is washed off with water and is 
neutralized using a 20-25 percent solution of am-
monia in water. The ichthyol solution in water is 
removed from the unsulfonated layer of oils and 
polymeric substances, and is boiled down to a water

content of no greater than 46 percent. The con-
centrated product is now commercial grade ichthyol. 
AU of the operations are conducted on a batch 
basis. 

Albitol is also prepared from the 175-250 0 C fraction. 
This compound is a product of the chlorination of 
shale tar, and is used for the preservation of rubber 
engineering components and wooden crates used in 
tropical climates. To obtain albitol, the fraction is 
cleansed of pyridine-based compounds using 
35-37 percent sulfuric acid and is fed to a 
chlorinator for a treatment with gaseous chlorine. 
The chlorinated fraction is washed with water and 
undergoes fractional distillation in a batch still. 
The 135 0 C fraction constitutes the special product 
and is removed and washed with a 20-22 percent 
aqueous solution of sodium hydroxide and then 
washed with water for neutralization. 

Combined, undistilied tar is a raw material for the 
production of sodium-ichthyol, which is used in the 
production of creolin. A mixture of shale tar and 
petroleum diesel fuel or gas-oil at a ratio of 2:3 
serves as the raw material. The mixture Is treated 
with 70 percent sulfuric acid to completely remove 
any readily polymerized compounds, and then un-
dergoes sulfonation with oleum in the fourth stage 
of a sulfonator at an elevated temperature (55-
80°C).	 Unreacted sulfuric acid is washed from the 
sulfonated mass with hot water in an enameled 
mixing apparatus. After settling, the upper layer 
(diesel fuel) is returned to the beginning of the 
process to dilute the combined shale tar. The sul-
furic acid washed out of the mass is diluted with 
water and neutralized with a 18-23 percent solution 
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TABLE 3 

RAW TAR AND PRODUCTS FROM ME DISTILLATION UNIT 
AT ThE SUIZRANSK S.P.Z. 

Fraction,	 °C Residuals 
Prepared 175- 250- Higher 

Tar 250 350	 than 3500C 

1040 0.945 1005 1080 

320 3.5 40.3 --
38 1.9 9.7 8500 
11 -- -- 400 
0.5 -48 -20 20 

120 67 140 170 
250 160 220 400 
180 165 260 280 

2 16 -- --
6 48 -- --

10 78 -- --
18 94 14 --
28 -- 38 10 
40 -- 60 18 
55 -- 80 --
5.9 0.24 0.34 6.5 

7.7 8.1 7.6 6.8 
0.8 0.5 0.6 0.9 
4.0 4.8 4.2 3.7 
0.2 -- -- 0.4 
0.05-0.1 -- -- 0.1-0.2 
2.3 1 - 2 -- --

to 0.1 to 0.1 to 0.1 to 0.1 
100 12-15 25-28 55-60

Features 

Density at 20 0C kgm3 
Viscosity, V-106 , m Is 

at 20°C 
50°C 
80°C 

Solidification Tenperature, °C 
Open-Cup Flash Point, °C 
Molecular Mass 
Initial Boiling Point, °C 
Boiling by Volunn, % at 

up to 2000C 
225°C 
250-C 
275°C 
300°C 
325°C 
350°C 

Cokeability, % 
Content, % 

Sulfur 
Nitrogen 
Oxygen (by difference) 
Mechanical Impurities 
Ash 
Water 

Vanadium Content, mg/kg 
Yield of Distillation Products, % 

of sodium hydroxide. The prepared product contains 
no more than 55 percent water. 

The 250-350 0 C fraction is used as a component in 
the preparation of a shale-derived plasticizer. In 
the first step of the process to obtain this plas-
ticizer, the tar fraction is purified using 70 percent 
sulfuric acid. The treated fraction is washed at 
90-95 0C and then neutralized with a 13-23 percent 
solution of sodium hydroxide. After discharging the 
lower aqueous layer, the neutralized tar is pumped 
Into an evaporation reactor, where water Is 
evaporated off at 100-130 0C under atmospheric pres-
sure. 

Distillation residuals (at higher than 350 0 C) are used 
as softeners in the recovery of rubber. A certain 
quantity of the 175-250 0 C fraction is introduced into 
the composition of the softener to reduce the vis-
cosity of this product.

ISRAEL NEARS COMPLETION OF Oil. SHALE 
COMBUSTION UNIT 

Completion of construction was scheduled for this 
fall on an oil-shale-fired boiler in Israel which will 
generate 50 tons of steam per hour. 

Oil shale reserves in Israel are estimated to be 
10 billion tons. Direct combustion of oil shale and 
recovery of heat represents a potential source of 
energy for the state. Israeli oil shale has a low 
calorific value, four megajoules per kilogram, and 
high content of ash (62 percent), moisture 
(18 percent), calcium carbonate (40-50 percent), and 
sulfur (2.3-2.6 percent). 

A research program for studying the suitability of 
the Ahlstrom Pyroflow CFBC (Circulating Fluidized 
Bed Combustion) technique for burning oil shale was 
initiated by PAMA Ltd. in 1982. Two test trials 
were carried out in the Pyroflow pilot furnace lo-
cated in Hans Ahlstrom Laboratory, Karhula, Finland. 
Numerous test bums were also performed in the 
pilot plant of PAMA Ltd. 
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Throughout the tests in varying running conditions 
(760-850 0 C)	 the	 carbon	 utilization	 was	 over 
99 percent.	 Combustion was stable and easy to 
control, despite the high ash content and varying 
fuel quality.	 Low combustion temperature reduces
the attrition of solids as well as the calcination of 
carbonate. In addition to the test results, a 
feasibility study, made by EKONO Corporation, Fin-
land, proved the technical and economical capability 
of the Pyroflow CFBC technique for oil shale firing. 

A study of the economics of electricity generation 
by direct combustion of oil shale showed that a 
600 megawatt plant (five 120 megawatt modules) ad-
jacent to the oil shale deposit at Mishor Rotem 
could compete with a sea-shore coal-fired plant. 

To minimize risks It was decided to start with a 
small step of a 50 ton per hour steam demonstration 
unit. To minimize investment and production costs 
the unit will be Integrated In an Industrial complex 
of Israel Chemicals at Mishor Rotem. The unit will 
generate six megawatts of electricity in a back 
pressure turbogenerator and produce low pressure 
steam. The steam will be sold to Negev Phosphate 
Company for process purposes, on a commercial 
basis. The project was launched In August, 1987.

The	 first	 two	 years	 of	 operation	 will	 he	 used	 to 
create	 a	 data	 base	 for	 the	 next	 step. A 
120-150	 megawatt	 module	 is	 envisioned	 for that 
step.	 During	 the	 first	 two	 years	 a	 re-examination 
and	 optimization	 of	 technical	 and	 process	 aspects 
will	 take	 place.	 Fuel	 grade,	 fuel	 fluctuations, op- 
timal	 combustion	 temperature	 and	 optimal	 flow pat-
tern	 are	 some	 examples	 of	 parameters	 to be 
selected.	 Fuel	 introduction,	 ash	 collection	 and dis-
posal	 systems	 and	 material	 selection	 are	 some ex-
amples	 of technical issues to	 be	 optimized.

The cost of the plant is approximately 30 million. 
The Israeli government is financing half the project's 
costs. Private industry is paying for the rest. 

The project plans to demonstrate the reliability of 
fluidized bed combustion technology with shale use, 
while also demonstrating that the extraction process 
Is ecologically acceptable. 

Developers hope the data will show the use of oil 
shale to be efficient and economic. 

nfl 

2-31	 SYNTHETIC FUELS REPORT, DECEMBER 1989 



ENVIRONMENT 

ENVIRONMENTAL MONITORING SHOWS IMPROVING 
PERFORMANCE AT PARACHUTE CREEK 

In 1986, as part of the contractual agreement with 
the U.S. Synthetic Fuels Corporation, Union Oil Com-
pany of California (Unocal) was required to develop 
an Environmental Monitoring Plan (EMP) for the pur-
pose of monitoring compliance (regulated) and sup-
plemental (unregulated) environmental and health-
related emissions from its oil shale facility in 
Parachute, Colorado. Recent results of the EMP 
were discussed at the Eastern Oil Shale Symposium 
by J. Benton of the United States Department of 
Treasury (which has taken over monitoring respon-
sibilities	 from	 the	 defunct	 Synthetic	 Fuels
Corporation). 

An inspection trip for supplemental sampling for air, 
water, solids and particulates was completed in 
March 1989 and again in October, 1989. 

Health-related emissions collected during the third 
and fourth quarters of 1988 and the first two 
quarters of 1989 included area and personal monitor-
lag, as well as medical surveillance of all job 
categories. 

The environmental monitoring program addresses three 
separate components of the facility: the 
Mine/Retort, the Upgrader and the Retorted Shale 
Disposal Area. Pollution control devices include the 
baghouse on the ore crushing and screening 
facilities; the low NO burners on the boilers and 
the sulfur recovery At on the plant fuel gas at 
the Retort Facility; the runoff collection system and 
pond at the Spent Shale Disposal Area; the sulfur 
recovery unit for plant fuel gas; the steam stripper 
to treat process waters; and the storm water collec-
tion system and basin at the Upgrader Facility. 
Groundwater monitoring is used to detect contamina 
tion around the Shale Disposal Area and the 
Upgrader Facility. 

Parachute Creek's EMP supplemental sampling uses a 
tiered approach for environmental monitoring. The 
Tier I Program emphasizes screening-level analyses of 
supplemental parameters to identify substances of 
concern. Currently, twenty-two supplemental points 
are designated in the EMP (14 gaseous streams, five 
solids and three aqueous), 12 at the Mine/Retort and 
10 at the Upgrader Facility. 

Health Surveillance 

Health Surveillance data from July 1, 1988 through 
June 30, 1989, were collected using area and per-
sonal monitors. The majority of the data were 
below established OSHA (Occupational Safety and 
Health Administration) Permissible Exposure Limits 
(PEL) and Mined Land Reclamation Board Threshold 
Limit Values (TLVs).

For the third quarter of 1988, 64 area samples and 
640 personal samples were obtained. The data 
reported showed five noise samples exceeded the 
OSHA PEL. Personnel in those areas routinely wear 
hearing protection. Three syncrude vapor samples 
and twelve solvent solubles were above detection 
limits but were less than one percent of the cor-
porate established trigger level of 50 parts per mil-
lion (ppm). (No OSHA standard has been established 
for these parameters.) 

Fourth quarter 1988 results, based on 53 area and 
318 personal samples, found three elevated trace 
metal samples for the welding area in the mine. 
Workers in this area wear respiratory equipment, 
such that worker exposure is reduced; also, improve-
ments were made in the local exhaust system to 
further reduce exposure potential. Fourteen of the 
quarterly samples contained parameters detected at 
minimal levels. These included solvent solubles (five 
samples),	 syncrude vapors (three samples), 	 and 
polynuclear aromatic hydrocarbons 	 (pyrene and
chrysene). 

Fifty-four area and 244 personal samples were col-
lected in the first quarter of 1989. Two of these 
contained benzene above the PEL as a result of 
sampling during upset conditions. Sampling has been 
increased to detect any future elevated levels, and 
employees have been instructed to wear appropriate 
protective equipment. 

Two elevated solvent solubles samples also were col-
lected during upset conditions, when a fire occurred 
In a belt in the Retort area. Elevated values Indi-
cated combustion products were the source. 

Second quarter 1989 monitoring included 138 area 
and 526 personal samples. Five of the compliance 
samples exceeded established exposure levels; four 
elevated benzene values were obtained during opera-
tional changes in the Retort Utilities area, and one 
elevated carbon monoxide sample was collected in a 
mine haulage way that receives minimal pedestrian 
traffic. Workers were instructed to wear ap-
propriate protective equipment during unusual work 
conditions. 

Supplemental monitoring obtained six syncrude vapor 
samples with concentrations above the detection 
level. The results were well below the 50 ppm 
level of concern, however. 

Water/Groundwater 

To date, ten EMP quarterly reports have been sub-
mitted to Treasury, including compliance monitoring 
for the Upgrader Clean Water Basin and the Basin 
Underdrain under an NPDES permit, as well as 
monitoring of eight groundwater wells around the 
domestic wastewater treatment basin.	 Data have 
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sulfur plant at the Retort. This system was 
modified during the August 1989 maintenance tur-
naround to minimize such emissions. 

been within expected ranges at seven of the 
monitoring wells. The eighth well yielded continued 
atypical data and evidence of silting in and was 
eliminated from the permit. 

The Upgrader was designed as a zero discharge 
facility, and to date, no discharges have occurred 
from the Basin or the Underdrain. 

Air Quality/Fugitive Emissions 

Compliance air monitoring Included in the quarterly 
EMP monthly reports entails source emissions during 
operations, fugitive dust, continuous ambient air 
quality and meteorological monitoring and perfor-
mance testing of continuous emissions monitoring sys-
tems. During 1989, ambient air monitoring data 
continued within expected ranges, as did fugitive 
dust emissions /control. 

Although the retort and sulfur plants achieved 99-
plus percent reduction in pollutants of concern 
during steady-state operations, exceedances were ob-
served during startups and shutdowns. As sum-
marized in Table 1, the majority were related to the

Conclusions 

The Treasury Department concludes that, although 
sulfur emissions during periods of startup and shut-
down continue to exceed operating permit values, 
the emissions during steady-state plant performance 
have been within the ranges expected for Compliance 
parameters. Unocal is optimistic that sulfur plant 
improvements completed in 1989, and longer operat-
ing runs will minimize the excess sulfur emissions. 

Supplemental 	 monitoring has	 detected	 a	 few 
parameters at very low levels. To date, no emis-
sions of significant environmental or health concern 
have been routinely emitted at the project during 
on-line operations. Future monitoring will continue 
to define emissions from this process, and to clarify 
the environmental acceptability of the oil shale 
technology for future operations similar to those at 
Parachute Creek. 

TABLE 1 

EXCESS EIRSSIG4S IN 1989 DURING STARTUP AND SWflfl#4 
OPERATIONS AT UNOCAL PROJECT 

No. of 
Month Location Exceedances Total Rnissions 

January Retort Sulfur Plant Flare 4 45,200 lbs 202 
February Retort Sulfur Plant Flare 2 156,560 lbs 202 
March Upgrade Heater 5 204,645 lbs 202 

Upgrade Boilers 1 270 lbs SO2 
April Retort Sulfur Plant Flare 7 433,350 lbs 202 

Upgrade Sulfur Recovery 1 7,200 lbs Sulfur 
May Retort Sulfur Plant Flare 2 3,785 lbs SO2 
June Retort Sulfur Plant Flare 7 333,400 lbs 202 
July ---- - 
August Upgrade Flare 2 6,844 lbs Sulfur 
September Retort Sulfur Plant Flare 2 6,300 lbs SO2
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WATER 

RECOVERY PLANS ISSUED FOR ENDANGERED 
COLORADO RIVER FISH 

Draft recovery plans for three endangered fishes, the 
humpback chub, the bonytall chub, and the Colorado 
squawfish have been issued by the United States Fish 
and Wildlife Service. 

These fishes are native species that once were more 
common in the larger rivers of the Colorado River 
Basin. However, they are now so rare as to be 
considered endangered. The humpback chub Is now 
found only in Arizona, Colorado, and Utah. Bonytail 
chub have been found sporadically in Colorado, Utah, 
Arizona, Nevada and California. The Colorado 
squawfish is found primarily in Colorado and Utah, 
and to a limited extent in Arizona and New Mexico. 

A variety of factors, such as stream alteration and 
depletion, habitat loss and fragmentation, competition 
with and predation by non-native fish species, pollu-
tion, parasitism and hybridization, have contributed 
to the decline of the fishes, officials explained. 

Draft recovery goals have been established for each 
of the fishes. For the bonytail chub, the immediate 
goal will be to prevent extinction because few in-
dividuals have been found and there Is no evidence 
that any self-sustaining populations exist. Even-
tually, it may be possible to reintroduce hatchery-
reared bonytail chub into suitable habitat. The 
recovery goal for the humpback chub will be to lo-
cate or restore five viable, self-sustaining popula-
tions within the Colorado River Basin and to ensure 
that these populations and their habitats are 
protected. 

The recovery goal for the Colorado squawfish will be 
to maintain naturally self-sustaining populations in 
the Upper Colorado River Basin in major portions of 
the Green, Yampa, White, and Colorado Rivers: 
remove the threat of significant habitat fragmenta-
tion; and legally protect essential habitats, primary 
migration routes, required streamflows, and necessary 
water quality. 

Possible recovery sites for the bonytail chub are the 
Green and Yampa Riven at Dinosaur National Monu-
ment in Colorado and Utah; the Green River at 
Desolation/Gray Canyon, Utah; Colorado River at 
Cataract Canyon, Utah; and Lake Mohave in Arizona 
and Nevada. The San Juan River in New Mexico, 
Colorado and Utah also may be a possible recovery 
site if suitable habitat appears to be present. 

Likely recovery sites for the humpback chub are the 
Little Colorado and Colorado Riven in the Grand 
Canyon, Arizona; the Colorado River's Black 
Rocks/Westwater Canyon area in Colorado and Utah; 
the Yampa and Green Rivers in Dinosaur National 
Monument in Colorado and Utah; Gray Canyon in the 
Green River, Utah; and Cataract Canyon in the 
Colorado River, Utah. A site in the Grand Canyon

also may provide suitable habitat for the humpback 
chub. 

The recovery area for the Colorado squawflsh en-
compasses (a) the Green River Basin, including the 
Green River from its confluence with the Colorado 
River to Echo Park, Colorado, the lower 137 miles 
of the Yampa River, and the lower 149 miles of the 
White River; and (b) the Colorado River from 
Palisade, Colorado to Lake Powell. 

The draft recovery plans summarize available biologi-
cal information on these fishes and identify the ac-
tions that should be taken to improve their status. 

These recovery plans are planning documents that 
identify recovery actions, but have no authority to 
require implementation. Actual implementation will 
depend on the commitment evidenced by government 
agencies and private entities with the authority and 
resources to help these fishes. The Department of 
the Interior, Western Area Power Administration, the 
States of Colorado, Utah and Wyoming, conservation 
groups and water development organizations presently 
are committing $2.3 million annually to a "Recovery 
Implementation Program" that will implement the task 
defined in the recovery plans for these fishes In the 
Upper Colorado River Basin. A similar cooperative 
interagency plan is being drafted for these fishes in 
the lower basin.

nfl 

SHELL WESTERN FU.&S FOR CHANGE OF WATER 
BIGHTS 

The Office of the Water Clerk, Colorado Water Divi-
sion No. 5, reports that in Case 89CW195 Shell 
Western E a P has filed an application for change 
of water rights involving Calhoun Ditch, Calhoun 
Ditch First Enlargement and Calhoun Ditch Second 
Enlargement and McDowell Ditch and McDowell Ditch 
First Enlargement. Calhoun Ditch and Calhoun Ditch 
First Enlargement were decreed May 26, 1942, in Rio 
Blanco County District Court, Calhoun Ditch Second 
Enlargement was decreed November 21, 1966, in Rio 
Blanco County District Court. The point of diversion 
Is located on the right bank of the White River 
near the northwest corner of Section 23, T 1 N, 
R 96 W. The source is the White River and the 
appropriation amount of 1.30 c.f.s. was adjudicated 
to the Calhoun Ditch with an appropriation date of 
April 1, 1988; 1.94 c.f.s. was adjudicated to the 
Calhoun Ditch First Enlargement with an appropria-
tion date of April 2 1 1988; and 0.86 c.f.s. was ad-
judicated to the Calhoun Ditch Second Enlargement 
with an appropriation date of December 31, 1945. 
The existing use is irrigation. Applicant proposes to 
establish an alternate point of diversion for the 
Calhoun Ditch, Calhoun Ditch First Enlargement and 
Calhoun Ditch Second Enlargement at a point on the 
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right bank of the White River In the SE1/4SW1/4 
Section 15, T 1 N, R 96 W, 6th P.M. from whence 
the southwest corner of Section 15 bears South 
25 0 07 ?? West 1,955 feet. The alternate point Is lo-
cated where the river channel Is straight and 
reasonably deep and the banks are stable. From the 
alternate point, water will be pumped to the area 
presently irrigated by the said Ditch. 

McDowell Ditch was decreed on September 3, 1902, 
and McDowell Ditch, First Enlargement was decreed 
on May 26, 1942, in Rio Blanco County District 
Court. Water from the White River In the amount 
of 4.00 c.f.s was adjudicated to McDowell Ditch and 
2.82 c.f.s. was adjudicated to McDowell Ditch, First 
Enlargement, with the appropriation dates of August 
25, 1983, respectively. 

Shell proposes to change the point of diversion of 
1.6 c.f.s of the water right adjudicated to the 
McDowell Ditch and 1.15 c.f.s. of the water right

adjudicated to McDowell Ditch, First Enlargement, to 
the point of diversion of the Hay No. 2 Ditch which 
takes its supply of water from the left bank of the 
White River at a point whence the west quarter 
corner of Section 31, T 1 N, ft 95W, bears South 
76047? West 3,039 feet. Shell further proposes to 
change the point of diversion of 2.4 c.f.s. of the 
water right adjudicated to McDowell Ditch and 
1.67 c.f.s. of the water right adjudicated to 
McDowell Ditch, First Enlargement to the proposed 
alternate point of diversion of the Calhoun Ditch as 
described above. That portion of the water rights 
to be changed to the Hay No. 2 Ditch will be used 
for irrigation of lands on the south side of the 
White River. That portion of the water rights to be 
changed to the Calhoun Ditch will be used to ir-
rigate new areas of the lower parcel of the Ivory 
Ranch. 
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RESOURCE 

BLM RECOMMENDS AGAINST WILDERNESS DESIGNATIONS 
NEAR Oil. SHALE REGION 

The Craig District of the United States Bureau of 
Land Management (BLM) has Issued a Draft Wilderness 
Environmental Impact Statement (EIS) covering several 
Wilderness Study Areas (WSAs) in northwest Colorado. 

Locations of the WSAs are shown in Figure 1. While 
none of them are in prime oil shale areas, the Black 
Mountain, Windy Gulch and Oil Spring Mountain WSAs 
are close to the edge of major Piceance Basin oil 
shale deposits. 

Impact on Oil Shale Development 

Two of the WSAs, Black Mountain and Windy Gulch, 
contain minor amounts of Green River Formation oil 
shale.	 The thick, rich beds of the Mahogany Zone

are entirely eroded off and only an insignificant 
remnant of the lower Parachute Creek Member still 
exists. The oil shale in the WSAs is found In the 
Garden Gulch Member in one or two thin, relatively 
kerogen-rich beds. Black Mountain is assumed to 
contain approximately 18,000 barrels of oil per acre 
and Windy Gulch 12,000 barrels per acre at depths 
ranging from zero to four hundred feet. 

By way of comparison the poorest quality oil shale 
mapped for the main Piceonce Basin, Mahogany Zone 
was 50,000 barrels per acre. Similarly, poorest 
quality oil shale mapped for the R6 Zone, Piceance 
Basin was 50,000 barrels per acre. 

Total reserves estimated for the Piceance Basin in 
zones thicker than 15 feet with greater than 
15 gallons per ton is 1.3 trillion barrels at depths 
of 0 to 1,500 feet. The oil shale under the WSAs 

FIGURE 1

LOCATION OF WILDERNESS STUDY AREAS 
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Is too thin and too low quality to consider for min-
ing. Therefore, this Issue was not subjected to 
detailed analysis in the 515. 

Impacts an Water Rights 

Concerns were raised regarding how water rights 
would be affected by wilderness designation or non-
designation. This concern resulted, In part, from the 
uncertainty as to whether or not water rights for 
wilderness were reserved when Congress created the 
National Wilderness Preservation System (NWPS). 

On July 26, 1988, the Attorney General concurred 
with the Department of the Interior solicitor's 
opinion that Congress did not intend to reserve 
federal water rights for wilderness purposes when it 
created the NWPS. However, Congress still has the 
power to reserve water rights for wilderness areas 
when it deems it necessary through appropriate 
legislation on specific provisions In wilderness legis-
lation. 

While water rights certainly have an implication on 
water supply and usage, the BLM says the issue is 
not an environmental issue that is appropriate for 
analysis in the US, but rather a legal matter to be 
addressed separately from the environmental review 
process. 

An issue that has been recently raised is whether 
there would be an impact of a reserved wilderness 
water right on the transfer of existing rights within 
the stream system or through a transbasin diversion. 
Transfers from above or within a wilderness area to 
below the wilderness area would clearly not be af-
fected, says BLM, since no less water would be al-
lowed to flow through the wilderness. Only where 
transfers could result in the movement of rights 
from below to within or above the wilderness Is 
there a potential effect. No such transfers are 
currently known to be proposed within any of the 
WSAs. Even If such transfer is proposed in the fu-
ture, the effects are likely to be minimal. Limita-
tions that would be placed on such a transfer be-
cause of wilderness would be no more significant 
than these automatically Imposed by other water 
rights more senior than any reserved wilderness 
water right. 

Since	 there	 are	 no expected effects	 on existing 
water	 rights	 and	 no	 proposals to	 transfer water 
rights are known or anticipated that	 would be	 sig-
nificantly	 affected, this	 Impact topic	 was dropped 
from further analysis for the WSAs In	 this environ-
mental impact statement.

Recommentticns 

For each of the three WSAs of interest Black Moun-
tain, Windy Gulch and Oil Spring Mountain, the BLM 
Is recommending the No Action Alternative. That is, 
these areas would not be designated as new wilder-
ness areas.

Black Maintain WSA 

This	 9,932 acre	 WSA is	 located about	 11 miles	 'vest 
of Meeker in	 Rio Blanco County, Colorado.	 Black 
Mountain	 is characterized by	 a series	 of mesas	 cut 
by	 several gulches	 and	 side drainages. Pinyon, 
juniper,	 sagebrush,	 and	 native grasses are the	 main 
vegetation communities.

Under the No Wilderness Alternative (Proposed Action) 
the wilderness values of naturalness and solitude 
would be lost over most of the 12,274 acre area 
due to range improvement projects. Livestock forage 
production would increase from 879 AUMs (present) 
to 1,071 AUMs.	 Recreation use Is expected to 
remain at about 300 visitor days per year. There 
would be an Increase in sediments and salts of up 
to 26 percent for about three years and a long-term 
decrease of about four percent alter that. These 
changes would have an immeasurably small effect on 
the White River. Deer and elk use would increase 
slightly due to increased forage from range improve-
ments.	 No mineral development is anticipated al-
though it would be allowed. No change in owner-
ship of, or impact on the 320 acres of private land 
surrounded by the WSA is expected to occur. 

Oil Spring Maintain WSA 

This 17,740 acre WSA is located about 25 miles 
southwest of Rangely in Rio Blanco County, Colorado. 

The area Is dominated by flat-topped Oil Spring 
Mountain and its associated ridges and drainages. 
The mountain provides superior views of the sur-
rounding landscape, Including the High Ulntas In Utah 
and Cathedral Bluffs to the east. Diverse vegetation 
appears throughout the WSA ranging from sagebrush-
saltbush and pinyon-juniper communities at lower 
elevations to mountain mahogany-oak scrub to 
Douglas-fir forest on top of Oil Spring Mountain. 

Under the No Wilderness Alternative (Proposed Action) 
the wilderness values of naturalness, outstanding op-
portunities for solitude, and primitive unconfined 
recreation would be lost over the entire WSA due to 
oil and gas development, range Improvements, and 
increased off-road vehicle use. While no change in 
use of the current 780 AUMs would occur, up to 
40 AUMs of available forage would be lest due to 
disturbance from oil and gas development.	 Non-
motorized	 recreational use	 would	 remain	 at 
450 visitor days per year. Motorized vehicle use 
associated with hunting would Increase by 200 visitor 
days per year to bring total recreation use to 
650 visitor days per year. Oil and gas activities 
would cause a slight Increase in sediment and con-
tribution of salts, but these changes would be well 
within natural variations. There would be a decline 
or displacement of about half the deer and elk using 
the WSA. Oil and gas development would be al-
lowed, would proceed at a rate commensurate with 
new development in the vicinity, and would produce 
about 12.5 billion cubic feet of natural gas. 	 No
state or private lands would be affected. 
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OH. SHALE LEASE ASSIGNED TO CUFFS 

In actions by the Utah Board of State Lands in Sep-
tember, an oil shale lease held by Mobil Exploration 
and Producing North America Inc. was assigned to 
Cliffs Synfuci Corporation of Rifle, Colorado. The 
total assignment involved State Lease ML 29107. 

MARATHON FILES SUIT OVER PORTLAND CLAIMS 

On October 19, Marathon Oil Company and several 
other plaintiffs filed suit in the United States Dis-
trict Court for the District of Colorado. The law-
suit concerns Mineral Patent Application C43354 for 
the Portland Numbers 1-6 oil shale claims, containing 
982.9 acres in Rio Blanco County, Colorado. The 
patent application was filed with the Interior 
Department April 7, 1986. The plaintiffs seek a 
court order directing completion of the administra-
tive processing of their patent application.

Bills to amend the Mineral Leasing Act with regard 
to oil shale were introduced in both houses of Con-
gress in early 1989 (H.R. 2392 and S. 30). 

In response to Congressional concerns, Department of 
the Interior Secretary Manuel Lujan told Congress in 
February 1989 that the Interior Department would 
not patent oil shale claims before 1990. At that 
time, the Secretary said that he would reconsider 
the issue, including the need for new regulations to 
govern the adjudication of oil shale claims. Lujan 
wanted to give Congress time to consider legislation 
that might resolve the long-standing issue of oil 
shale claims. 

However, it appears that in any case, the Marathon 
claims would be grandfathered under the legislation 
proposed to date. 
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SOCIOECONOMIC 

REVERSE ROOMYOWN EFFECTS CHRONICLED 

A paper presented at the 22nd 011 Shale Symposium 
by A. Gulliford chronicles the devastating social and 
cultural effects of the oil shale bust on the 
Colorado communities of Rifle, Silt, Parachute, and 
Grand Junction. The paper is based upon research 
and oral history interviews conducted for the 
author's dissertation "Boomtown Blues: A Community 
History of Oil Shale Booms in the Colorado River 
Valley, 1885-1985" (American Culture Ph.D. Program, 
Bowling Green State University, 1986). The paper is 
excerpted from the forthcoming book Boomtown 
Blues:	 Colorado Oil Shale, 1885-1985 to be pub-



lished by the University Press of Colorado. 

As Gulliford relates, when Exxon announced on Sun-
day May 2, 1982, that It was closing the $5 billion 
Colony project, overnight 2,100 people became un-
employed and 7,500 support workers began to worry 
about their future. 

Overnight, employees of Brown & Root, T.I.C., Daniels 
Construction, and Gilbert-Western knew they would 
be laid off. 

Overnight, hundreds of businessmen who had rapidly 
expanded their businesses began to question the size 
of their inventories and the number of their 
employees. 

Overnight, planning for growth stopped. There had 
been countless plans for a boom, but not a single 
plan existed for a bust of these proportions. No 
one wanted to believe that the oil shale bubble had 
really burst. On Battlement Mesa alone there were 
26 general contractors each of whom had ten sub-
contractors working under them. 

No one could conceive that any company, even the 
largest corporation In the world, could simply turn 
its back on a billion dollar investment. Because the 
1915-1925 shale boom had failed, Garfield County 
citizens had initially been skeptical of this recent 
boom.	 But then they became convinced and they 
invested accordingly. The thousands of newcomers, 
the hundreds of new houses and streets, the out-
of-state license plates on expensive pickup trucks, 
had all verified that western Colorado was Ir-
revocably changing from rural, agricultural com-
munities into industrialized small towns. 

Then overnight, because of a decision reached in a 
Manhattan boardroom half a continent away, all the 
activity stopped at the Colony mine site and on 
Battlement Mesa. This decision radically altered the 
lives of thousands for whom Black Sunday would 
forever remain a benchmark day In their lives, their 
fortunes, and their futures. Within a week after 
Black Sunday, an estimated 1,000 people had left 
Parachute and Garfield County. 	 The exodus had
begun.

On Tuesday May 4, men lined up at 7:30 a.m. to 
receive their final paychecks from Brown & Root. A 
Denver Post writer explained, "By the hundreds, the 
displaced workers of the Colony Oil Shale Project 
closed their bank accounts, drank beer, shed a few 
tears, and prepared to move out to pursue another 
American dream." Though many earned $14.85 an 
hour, they were just settling in and had new debts 
from purchases of campers, cars, pickups, and 
trailers.	 Their only choice was to find work else-



where. 

Governor Richard Lamm accurately described the bust 
as "a disaster for Garfield County." He said, "It is 
a blow for the state and also a blow for the 
country, which needs alternate energy resources." 

He added, "ntis is part of the boom-and-bust cycle 
the West has been experiencing throughout its 
history." 

At O'Leary's pub on Wednesday a young couple ar-
rived in a battered station wagon. They had driven 
1,800 miles in hopes of a Job with Brown & Root. 
"We've got $25 left and babies to feed," the bewil-
dered father explained. The Denver Post argued on 
its editorial page, "Shale: We still need it." Victor 
Schroeder, President of the U.S. Synthetic Fuels Cor-
poration, told a Denver audience that though the 
Colony shutdown was a "big glitch," synfuels 
development was still certain. Ironically on that 
same thy, May 5, the state's Cumulative Impact Task 
Force, which had been programming growth scenarios 
Into an elaborate computer model to predict 
development patterns, had finally come on-line with 
conclusive projections. With all three major oil 
shale projects in place, total employment in Garfield 
County would have reached 18,000 by the end of 
1982 and 29,000 by 1990.	 Now, three days after 
the shutdown,	 the computer predicted at least
6,000 Jobs would be lost just in Garfield County. 

Mesa County had a population of 94 9 000 people in 
1980, but by 1985 only 83,000 remained. Because of 
the bust, $85 million in annual payroll evaporated 
from the economy of Colorado's Western Slope. 
Thousands of careers were knocked over like so 
many dominoes, and only now, seven years later, are 
the full ramifications of the bust being understood. 

The heaviest impact of the bust has not been on 
the multinational corporations like Exxon, Mobil, 
Chevron, and Occidental Oil who abandoned their 
projects, transferred their middle management 
workers, absorbed their losses and moved on; nor has 
the impact fallen on the rustbelt workers who came 
West and belatedly returned to their Eastern roots. 
The real impact has been on the local communities 
in the Colorado River Valley. There Is also a dis-
tinct pattern of boomtown shrinkage, says Gufliford. 
Though Black Sunday became a benchmark in time 
which will never be forgotten in western Colorado, 
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all those millions of dollars circulating in the local 
economy took a few years to filter out. Black Sun-
day Is the memorable event, but the bust itself con-
tinues. 

Far more social change has occurred following the 
bust than ever occurred with the boom says GuI-
liford, yet the social science investigators are gone. 
Their interests waned with their research dollars. 

Now when they can be of use, when they can really 
be of service to the energy-impacted communities 
which they studied during the boom years, those 
same researchers fail to return. Reverend Lynn 
Evans of the Rifle Methodist-Presbyterian Church ex-
plains that during the boom: 

"We began to lose the community caring, commit-
ment, and concern for each other. When everybody 
became concerned about getting rich themselves, 
then we lost the deeper concern for everybody in 
the whole community. Then (after the bust) I think 
it got worse. Then they were hard up. They really 
began looking out for number one.	 They were 
over-extended.	 They were deeper in debt--myself 
included.	 I bought into the boom and went into 
debt, too. I bought a house, a lot more house than 
I needed to buy. I'm over extended, and almost 
everybody in Rifle Is over extended and that makes 
you even more grabby, greedy, and looking out for 
number one. So it got worse. The new set of 
poorer values that got started in the boom became 
worse in the bust." 

For everyone living on the Western Slope, absolute 
certainty about their communities' growth, their own 
employment potential, their friendships with adjacent 
neighbors, and their proximity to family members, all 
changed In one weekend. Rising expectations of 
rural people who had previously been satisfied with 
a farm-based income were crushed. Farms and 
ranches that had been sold at high prices reverted 
back to their former owners, but titles were mired 
in legal entanglements and encumbered with much 
higher tax rates. 

A year after the bust began, on May 1, 1983, the 
Black Sunday "Survivors" had a bonfire on Rifle's 
Main Street. The survivors threw shale from the 
Colony project into the flames, which sent thick 
black clouds of smoke waiting above the street. 
The crowd drank beer, congratulated themselves on 
their resilience, and vilified Exxon. Local and na-
tional press coverage accompanied the 1983 anniver-
sary of the bust as well as the "Survivors' Picnic" 
held in Parachute the first week in May, 1984. But 
by the third year many of the "survivors," depressed, 
disillusioned, and bankrupt, had been forced to leave. 
Despite boosterism and bravado, Black Sunday con-
tinued to take its toll. 

The boom may have been a lark but the devastating 
consequences of the bust are still being felt, in 
Guiliford's opinion. People may never recover emo-
tionally and financially. Confidence in their own 
abilities has been badly shaken. Younger men with

dreams have watched those dreams dissolve, and 
older men expecting a secure financial future can no 
longer afford even to retire. For businessmen, it 
may take years to regain lost credit. 

Two weeks after Black Sunday, the bust had begun 
to enter Phase I--the phase of shock and denial 
which lasted for approximately nine months. Even 
though construction work slowed down considerably, 
many projects which had previously been started 
were completed, including dozens of apartments on 
Battlement Mesa--but they were only finished on the 
outside. Rumors persisted that Exxon would return, 
yet as fall approached more and more workers left 
the area. All summer, transients had arrived looking 
for work which they thought still existed. The 
problem of transient labor in the energy boomtowns 
would exist for years and the wanderers would be-
come burdens both to social services and to com-
munity hospitals. In the late summer of 1982, the 
ongoing problem with transients was only just begin-
ning. The main feature of the early bust phase was 
community denial.	 For some local businessmen, 
denial may have been their only means of coping. 
Some businesses even opened after the bust. The 
momentum of financing and construction plans saw 
new businesses start regardless of whether they 
made sound economic sense. 

The shrewd out-of-state investors who had come in 
to make a killing in the real estate market cut 
their losses and ran. They were out of the housing 
market or defaulted on their land purchase options 
within six months. Yet some developers had clauses 
In their contracts which stated that In case of 
default, Initial payments would be credited towards 
whichever acres those developers chose to retain. 
For example, It a house and twenty acres had been 
purchased for $200,000 or $10,000 an acre, and the 
developer had paid $20,000 down, then he chose 
which two acres he wanted to keep--usually the 
land with the house on it or those acres with the 
best irrigation rights.	 This practice further dis-
placed local residents. Those (ranchers) who took 
the down payment and put it on another piece of 
land were left with larger debt than ever and some 
lost everything. 

Phase	 I	 of	 the	 bust	 lasted	 from	 Black Sunday	 to 
Christmas	 or approximately 	 nine	 months. After	 the 
first	 initial	 wave	 of	 departures,	 three times	 that 
many people	 left	 during Phase II	 or within eighteen 
months of Black Sunday. 	 By May of 1984, the hous-
ing	 market	 was so poor	 that Battlement Mesa	 only 
had 35 percent occupancy. 	 Most of the community 
and social trauma occurred during this second phase 
when	 denial	 of	 the	 shale	 bust	 ceased to	 be	 a 
psychological alternative.

Institutions collapsed which had arisen with the 
boom. Social services were greatly pared and 
reduced. Within Phase U most local businesses failed 
including over 200 businesses in Rifle, Colorado. 
Bars which had been receiving five busloads of 
miners from every shift had to close their doors for 
lack of customers. 
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As the bust became more severe, personal tolls on 
families increased.	 Attitudes changed.	 People be-
came isolated and alienated.	 They stopped visiting
friends and neighbors because they did not want to 
discuss financial troubles. The sense of living in 
the Colorado River Valley, in a psychological and 
physical space delineated by the river and the 
mountains, began to change. Residents began to 
think of themselves as living in their own small 
communities of New Castle, Silt, or Parachute rather 
than in the valley as a whole. 

Schisms developed between the newcomers who had 
come in and the old-time families who were still 
there. Those old-time families had networks of 
friends and relations and could hang on and console 
one another while the newcomers sought professional 
counseling for financial and marital problems. The 
old-time Garfield County families turned to one 
another and as the cash economy continued to wane, 
they once again began to barter for goods and serv-
ices. 

Former oil shale publicity continued to attract a 
transient population of the hard-core unemployed, 
because low rental and housing rates were the best 
in the state. Latecomers arrived and they brought 
totally different values and norms to what was once 
a stable agricultural community. Filling up the 
area's apartment buildings and small rental houses 
were welfare recipients from Denver and other areas 
of Colorado.	 One-third of the Rifle population 
began to receive food stamps. These latecomers 
posed additional problems for the county because 
they needed family counseling, individual counseling, 
and public health services at a time when there 
were major reductions in social service staff. 

The boom has passed, and communities in the 
Colorado River Valley have been forced to live with 
dislocated economies and people psychologically 
bruised by their rapid changes in fortunes. In the 
oil shale region it will be years before families 
regain their equilibrium, though environmental con-
cents have lessened.	 But, notes Guuiford, fossil 
fuels are a non-renewable resource. Therefore an 
oil shale boom may come again. The economies of 
the world are still fueled by enormous appetites for 
energy, and "the rock that burns still lies deep in 
the dark layers of shale."

DATA BASE SYSTEM MONITORS IMPACTS OF 
ALTERNATIVE FUELS DEVELOPMENT 

In 1984, Garfield County, Colorado, and the United 
States Department of Energy entered into a grant 
agreement to formulate a comprehensive procedure 
for evaluating and permitting large scale energy 
projects In a manner acceptable to both the private 
sector and public sector parties involved in the 
process. 

High grade, easily accessible oil shale deposits are 
located in Garfield County. Since the turn of the 
century, various people have been interested in 
developing a commercially viable oil shale industry. 
During the latter half of the TOs and early 80s, 
privately owned oil shale projects were initiated on 
a much larger scale than previously. Financing and 
developing infrastructure capable of handling the 
rapid population growth was a key issue in the per-
mitting of these projects. 

While the permitting agreements were reached, the 
justification for certain types of mitigation was not 
always discernible. 

Based on these experiences, industry support, and the 
expectation that in the reasonably near future, there 
will be new and expanded oil shale projects, the 
Department of Energy and Garfield County initiated 
this project. The initial project consisted of five 
basic elements: 

- Development and adoption of a unified 
regulatory process 

- Development of a budget based fiscal impact 
assessment procedure 

- Preparation and implementation of an Energy 
Development Impact Monitoring System 

- Development of a Housing Impact Estimation 
System 

- Development of a School District Impact Es-
timation System 

In addition to the goal of developing a comprehen-
sive review and evaluation procedure for large scale 
energy projects, all of the products were to be 
transferable, to the degree possible, to other juris-
dictions. Therefore a technology transfer report was 
prepared in 1989. It is now available from the Na-
tional Technical Information Service as 
Report DE89-006452. 

2-41	 SYNTHETIC FUELS REPORT, DECEMBER 1989



RECENT OIL SHALE PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 1989 Eastern Oil Shale Symposium, held November 15-17, 1989 in 
Lexington, Kentucky: 

Grimm, U., at al., "Western Oil Shales Attrition and Breakage: 	 Testing and Mineral 
Characterization." 

RobI, T.L,, at al., "Changes in the Clay Mineralogy of Eastern Oil Shale Induced by Retorting." 

Mason, G.M., "Morphology of Sulfide Minerals in Eastern Oil Shale." 

Rimmer, S.M., at al., "Organic Geochemistry, Petrography, and Maturation Trends of the Ohio 
Shale in Eastern Kentucky." 

Goodarzi, F., et al,, "Organic Geochemistry and Organic Petrology of Paleozoic Oil Shales in 
Canada." 

Ault, C.!]., "Directions and Characteristics of Jointing In the New Albany Shale (Devonian-
Mississippian) of Southeastern Indiana." 

Conkin, J.E., "Pyroclastic Mineral Euhedral Horizons in Eastern United States Devonian Oil 
Shales." 

Miknis, F.P., "Development of a Coking indicator for Oil Shales." 

Byrd, J.R., at al., "Comparison of llydroretorting Assay, Rock-Eval, and Fischer Assay Analyses 
of Some World Oil Shales." 

Mikula, R.J., at al., "Microscopic Characterization of Emulsion Interfaces." 

Krieger, E.J., et al., "Examination of Wet- and Dry-Sieved Eastern Oil Shale and Microbial 
Reduction In its Sulfur Content." 

Kogelmann, W.J,, at al., "Water-Jet-Assisted Mechanized Oil Shale Mining Factory Tests." 

Grimm, U,, at al., "Eastern Oil Shale Attrition and Breakage: Testing and Modeling." 

Essington, M.E. "Chemical Equilibria Model Analysis of Hope Creek Eastern Oil Shale Lysimeter 
Leachate Data." 

Ballard, R.W., at al., "The Use of Activated Carbon in the Treatment of a Synthetic Oil Shale 
Processing Wastewater." 

Miles, S.K.D., at al., "Biological Treatablilty of Selected Organic Components of an Oil Shale 
Processing Wastewater." 

Robertson, E.A., ill, et al., "Kinetics of Selected Heavy Metal Dissolution from Shale." 

Turner, J.P., at a)., "Highway Subgrade Stabilization Using Spent Oil Shale." 

Benton, J.B., "Environmental and Health Surveillance Monitoring Results at Parachute Creek 
Shale Oil Project, 1987 and 1988." 

Skinner, Q.D., at al., "Simulated Climate and Shale Pile Response within a Large Scale En-
vironmental Chamber Developed in Wyoming." 

Reeves, T.L., "Rainfall Simulation and Hydrologic Monitoring of a Combusted Western Oil Shale 
In Large Scale Lysimeters." 

Mebta, RAt., et a)., "Comminution Characteristics of Eastern Oil Shales." 

Misra, M,, at a)., "Pressure Cycle Comminution of Eastern Oil Shale." 
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Venkatadri, It., et al., "Application of Licado Process to Eastern Oil Shale." 

Schultz, C.W., et at., "Column Flotation of Eastern Oil Shales." 

Schmidt, .J., "Beginning of an Oil Shale Industry in Australia." 

Sinor, .J.E., "Niche Market Assessment for Eastern Oil Shale." 

Lisboa, A.C., et al., "PETROBRAS Boosts Oil Shale Fines Processing." 

Chapman, D., "Application of Lo-Cat (It) Chelated Iron Scrubbers to Retort Gases." 

Killingley, .1.5., at at., "Removal of Hydrogen Sulfide by Combusted Rundle Oil Shale: 	 Sulfida-
tion of Iron Oxides." 

Maka, A., et al., "Microbial Desulfurization of Eastern Oil Shale: Bioreactor Studies." 

Myongsook, S.D., et al., "Nitrogen Chemistry During Oil Shale Pyrolysis." 

Roberts, M.d., at at., "Pressurized Fluidized-Bed Ilydroretorting of Indiana New Albany Oil Shale 
in Batch and Continuous Reactors." 

Gaire, R.J., et at., "Fluidized-Bed Retorting of Eastern Oil Shale." 

Carter, S.D., et al., "Operation of the 5-lb/hr KENTORT II Reactor in the Solid Recirculation 
Mode." 

Taulbee, D.N., et al., "Characterization of Liquid and Gaseous Products from the KENTORT-II 
Fluidized Bed Retort/Gasifier." 

Schultz, C.W., et at., "Specific Gravity-Fischer Assay Relationships Among Eastern Oil Shales." 

ilasenmueller, N.R., "Relationship of New Albany Shale (Devonian- Mississippian) and Rockford 
Limestone (Mississippian) to Silurian Reefs in Greene County, Indiana." 

Foster, K.G., et al., "Laboratory Furnace Design for Programmed Temperature Pyrolysis of Fossil 
Fuels." 

Sundaram, M.S., et al., "Application of Synchrotron Radiation for Analysis of Oil Shale and 
Shale-Derived Products." 

The following articles appeared in Energy & Fuels, September/October 1989: 

Yen, T.F., et al., "the Nature of Porphyrins in Kerogen. Evidence of Entrapped Etioporphyrin 
Species." 

Vantelon, J.P., et al., "Some Aspects of Autoignition Limits and Delays of Timandit Oil Shale." 

Oil. SHALE - PATENTS 

"Process and Catalyst for the Dewaxing of Shale Oil," Suheil F. Abdo, Eric L. Moorhead, John W. Ward - Inven-
tors, Union Oil Company of California, United States Patent 4,867,861, September 19, 1989. The pour point 
and/or cloud point of the lube fractions comprising a waxy hydrocarbon feedstock containing straight and 
branched chain paraffins is reduced by contacting the feedstock in a dewaxing zone, preferably in the presence 
of added hydrogen, with a dewaxing catalyst comprising (1) an intermediate pore crystalline molecular sieve 
having a pore size between about 5.0 angstroms and about 7.0 angstroms and (2) a large pore crystalline 
molecular sieve having a pore size above about 7.0 angstroms and typically selected from the group consisting of 
silicoaluminophosphates, ferrosilicates, aluminophosphates and Y zeolites. 	 A hydrocarbon fraction of reduced 
paraffin content Is recovered from the effluent of the dewaxing zone. Preferred intermediate pore crystalline 
molecular sieves are silicalite and a ZSM-5 type zeolite. Preferred large pore crystalline molecular sieves are 
silicoaluminophosphates such as SAPO-5 and ammonium exchanged and steamed Y zeolites. 
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"Method of Recovering Evaporable Liquids from Mud Comprising Fine Grained Particles and the Evaporable Liquids," 
Olav Ellingsen, .lorgen Stahel - Inventors, United States Patent Number 4,869,810, September 26, 1989, A method 
of separating oil In water and other evaporable liquids from drilling mud, bleaching earth, sludge from oil tanks, 
oil shale or the like, the mud being evaporated at a lower temperature than with conventional evaporation duo 
to the fact that the capillary forces binding the separate fractions in the pores of the mud are destroyed in a 
friction evaporator.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS Underline denotes changes since September 1989) 

ACORN PROJECT - Southern Pacific Petroleum Ft and Central Pacific Minerals NL (5-10) 

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

This study utilized data from a number of previous studies and evaluated different retorting processes. It showed potential 
economic advantages for utilizing the Taciuk Process developed by Umatac and AOS1'RA (Alberta Oil Sands Technology and 
Research Authority) of Alberta, Canada. Batch studies were carried out in 1985, followed by engineering design work and es-
timates later the same year. As a consequence of these promising studies a second phase of batch testing at a larger scale was 
carried out in 1986. A series of 68 pyrolysis tests were carried out using a small batch unit. A number of these tests achieved oil 
yields of 105 percent of Modified Fischer Assay. 

As a result of the Phase 2 batch tests, SPP updated their cost estimates and reassessed the feasibility of the Taciuk Processor for 
demonstration plant use. The economics continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,000 tonnes of dried Stuart oil shale was prepared in late 1986 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. This is a very high grade seam (134 liters per tonne) with 
150 million barrels of reserves. SPP carried out a basic design engineering study in 1988. The current conceptual design is for a 
plant processing approximately 6,000 tonnes per stream day of as mined feed shale, and producing 4,250 barrels per day of liquid 
products. 

According to SPP, the estimated cost is million for such a demonstration plant, including services connection and product 
storage. At current prices for low sulfur fuel oil in Australia, it is likely that operation of the demonstration plant will at least break 
even and possibly earn as much as 15 percent DCFROI. Alter a year of operation it is expected that sufficient data and operating 
experience will have been gathered to scale up the technology to full commercial size (25,000 tonnes per day). 

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

Project Cost: For commercial demonstration module A$90 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Companr. Occidental Oil Shale, Inc. (S-20) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by Occidental Oil Shale, Inc., doing business as Cathedral Bluffs Shale Oil Company. A modified detailed development 
plan for a 57,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in April 1977. The 
EPA issued a conditional Prevention of Significant Deterioration (PSD) permit in December 1977 which was amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high interest 
rates. The project sponsors applied to the United Slates 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 pride up to $2.19 billion in loan and price guarantees to the project. However, Congress abolished the 
SFC on December 19,1985 before any assistance could be awarded to the project 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control room, east 
and west airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 to reflect the reduced level of activity. 

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

On April 1, 1987, the Bureau of Land Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of fi years. Meanwhile, pumping of the mine inflow water 
continues in order to keep the shaft from being flooded.
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Project Cost: $200 million for demonstration 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (5-30) 

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that will supply steam to an existing 22-MW turbine generator. High-sulfur coal 
will be co-combusted with carbonate oil shales and also with limestone to compare the power generation and economics of the two 
cocombustants in the reduction of sulfur emissions. A full capacity perfonnance-guarantee test was carried out in May 1987, on 
coat, 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) (5-40) 

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

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies. 

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

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

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground mom-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,000 TPL) of 35 GPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming. and Final EIS supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. C.F. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Steams-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 Colony Shale Oil Project. Tosco 
responded to the decision by exercising its option to require Exxon to purchase Taco's 40 percent interest. Exxon has completed 
an orderly phasedown of the project. Construction of Battlement Mesa has been completed and Exxon has announced its intention 
to sell the Mesa complex. An Exxon organization remained in the Parachute area for several years to perform activities including 
reclamation, some construction, security, safety, maintenance, and environmental monitoring. These activities ware designed to 
maintain the capability for further development of the Colony resource when economics become attractive. In December 1989. Ex-
xon closed its Grand Junction yroiect office. 

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

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum -50 percent (S-60) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 
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Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers. 

From a range of alternatives considered, a project configuration producing 26.7 million bands per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
average operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
sive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least Sit)) 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 GmbH 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, 	 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 HO 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. 

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. Avenge cash operating cost at full production is estimated at US$20 per barrel of which more 
than US$9 per barrel represents corporation taxes and royalty. 

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

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

In 1988 SPP/C1'M began studies to assess the feasibility of establishing a semi-commercial demonstration retorting plant at Condor 
similar to that being designed for the Stuart deposit. Samples of Condor shale were shipped to Canada for testing in the Taciuk 
Process. 

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

EDWARDS ENGINEERING - Edwards Engineering Corporation (5-70) 

Edwards Engineering Corporation has been designing and building at their manufacturing plant in New Jersey a portable oil shale 
retort that will produce between 1,000 and 2,000 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 recovery arrangement resulting in very low energy 
costs per barrel of oil produced. At least 80 percent of the energy for retorting is recycled, no water is required. The system can be 
readily scaled upward from the 1,000 to 2) barrels per day to any conceivable capacity desired. 

During 1986 the construction of the portable oil shale retort was suspended 

Project Cost: Not Disclosed
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ESTONIA POWER PLANTS - Union of Soviet Socialest Republics (S-SO) 

About 95 percent of USSR's oil shalt output comes from Estonia and Leningrad district. Half of the extracted oil shale comes 
from surface mines, the other half from underground workings. Each of the nine underground mines outputs 3,000 to 17,000 tons 
per day; each of the surface mines outputs 8,000 to 14,000 tons per day. 

Exploitation of kukersite resources was begun by the Estonian government in 1918. In 1980, annual production of oil shale in 
USSR reached 41 million tons of which 36 million tons came from the Baltic region. Recovered energy from oil shale was equiv-
alent to the energy in 49 million barrels of oil. Most extracted oil shale is used for power production rather than oil recovery. 

More than 60 percent of Estonia's thermal energy demand is met by the use of oil shale. Fuel gas supplies for the city of Leningrad 
were terminated in 1987. First of their kind ever put into operation, the oil-shale-fueled power plants have an annual output of 
1,600 megawatts. 

FUSITIUN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (S-90) 

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

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

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

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

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

GARY REFINERY - Western Slope Refining Company (S-tOO) 

Western Slope Refining Company owns a refinery in Fruits, Colorado at the southwestern edge of the Piceance Basin. The refinery 
was constructed in 1957 by the American Gitsonite Company to process gilsonite, a solid hydrocarbon on that is mined in North-
eastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gitsonite. The 
refinery was expanded and upgraded into a modern facility capable of processing a wide variety of raw materials into finished 
transportation fuels. In the early 1980's modifications were made to the refinery to 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 
(JP-4) to the Air Force over a four year period. 

The processing scheme planned for the shale oil was geared toward maximizing the yield of JP4. The Air Force requirements were 
that JP-4 be produced solely from a shale oil feedstock. Therefore, the crude, vacuum, and hydrocracking units would be blocked 
out, each with a separate operating cycle. 

Upgraded shale oil is planned to eventually be delivered to the refinery via a pipeline from the Parachute upgrading facility to the 
Fruita site. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United 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. The bankruptcy 
documents indicated that borrowing to make the modifications to refine shale oil was a major factor in the failure. 

In January, 1989 it was announced that the refinery, now known as Western Slope Refining Company, would reopen in March, 
1989. Western Slope Refining Company began operation in April, 1989. Toll calcining of petroleum coke, as well as fractionation 
of crude and atmospheric residuum in the crude and vacuum units is underway. Full refinery operation began in July. 

SYNTHETIC FUELS REPORT, DECEMBER 1989 
2-48



STATUS OF OIL SHALE PROJECT'S Underline denotes changes since September 190) 

COMMERCIAL PROJECTS Continued) 

Although there are no guarantees regarding quantity, the finn's contract with Unocal Corporation now is for everything that 
company's Parachute Creek oil shale plant can produce. Unocal officials believe they can now consistently produce 5,000 barrels of 
synthetic fuel a day. The processing of Unocal's syncrude will be supplemented with other regional crude oils. Because the con-
tract with the Air Forte for jet fuel has expired, it is not known whether the military test effort will be revived. 

Project Cost: Not Disclosed 

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

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

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

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

The final results show a required sales revenue of $19.10 per barrel in order to generate an internal rate of return on total invest-
ment of 10 percent. The mean value of the petroleum products ex El Lajjun complex was calculated to be $21.40 per barrel. A 
world oil price of $15.60 per barrel has to be reached to meet an internal rate of return on total investment of 10 percent. 

In 1988, the N.R.A. announced that it was postponing for 5 years the consideration of any commercial oil shale project 

KIVITER PROCESS - Union of Soviet Socialist Republics (S-120) 

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

To meet the needs of re-equipment of the oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day 
generator of this type was constructed at Kohtla-Jam, Estonian SSR, USSR, and placed in operation in 1981. The new retort 
employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the semi-coking 
chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shalt is fed through a charging device into two 
semi-coking chambers arranged in the upper part of the retort- The use of two parallel chambers provides a larger retorting zone 
without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by introducing 
hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to control the 
temperature- Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed from the 
retort. The outside diameter of the retort is 9 meters. 

The experience of the 1,000 TPD unit was taken into consideration to design two new units. In January, 1987, two new 1,000 TPD 
retorts were put in operation also at Kobtla-Jarve. Alongside these units, a new battery of four 1,500 TPD retorts, with a new cir-
cular chamber design, is planned. Oil yield of 85% of Fischer Assay is expected. This battery should come onstream in 1991-1992. 

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

Project Cat: Not disclosed 

MAOMING COMMMERCIAL SHALE OIL PLANT - Manning Petroleum Industrial Corporation, SINOPEC, Maoming, China 
(S-HO) 

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 35 million tons of oil shale per year. Approximately 
one-half is suitable for retort feed. The Fischer Assay of the oil shale averages 65% oil yield. 
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Two types of retort are used: a cylindrical retort with gasification section, and a rectangular gas combustion retort. Oil shale 
throughput is 150 and 185 tons per day per retort, respectively. The present facility consists of two batteries containing a total of 48 
rectangular gas combustion retorts and two batteries with a total of 64 cylindrical retorts. 

Current production at Maoming is approximately 100,	 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. 

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

Mobil is no longer considering development plans for its shale property located on 10,000 acres rwe miles north of Parachute. The 
project was planned to have initial production of 10,000 to 25,000 barrels per day with an incremental buildup to 100,00) barrels per 
day. The United States Bureau of Land Management completed an Environmental Impact Statement preparatory to future permit 
applications. A Corps of Engineers Section 404 permit application was submitted. 

Project Cost: Estimated $8 billion for 100,000 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP (S-ISO) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name 13 for the Moroccan oil shale retorting process was derived. 

In February 1982, the Moroccan Government concluded a $4.5 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 was completed with a funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the T3 process. More than a dozen single 
retort tests were conducted to prove the process feasibility as well as to optimize the process conditions. The pilot plant utilizes 
the 13 process developed jointly by Science Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres 
(ONAREP) of Morocco. The fl process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 
100 tons of raw shale per day capacity using 17 OPT shales. The design of a demonstration plant, which will have an initial output 
of 280 barrels per day, Sing to 7,800 barrels per day when full scale commercial production begins, has been deferred. A commer-
cial scale mine development study at Timandit was conducted by Morrison-Knudsen. 

The T3 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP extensive process option studies based on all major processes available in the United States and abroad 
and made a recommendation in several categories based on the results from the economic analysis. An oil-shale laboratory includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rabat with assistance 
from Science Applications, Inc. 

Project Cat: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation (S-160) 

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

Unocal began the permitting process for its Phase 110,000 barrel per day project in March 1918. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12$0 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.
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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 s}mcrude on December 23, 1986. 

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

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FBC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FBC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. 

Unocal shipped its 2,,0)th barrel of syncrude on May 6, 1989. Recent cost cutting efforts have lowered the brcakeven point on 
operating costs approximately 20 percent. The future of the project depends on the ability to maintain this production level. 

Project Cost: Phase I - Approximately $700 million 

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

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

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

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

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

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

A nominal 2,200 tons per day Petaix semi-works retort, 18 foot inside diameter, is located near Sao Matcus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per day of crude 
oil, 38 tons per day of fuel gas, and 19 tons per day of sulfur. It has accumulated over 95,000 hours of operation, and now achieves 
an operating factor between 92 and 95 percent. 

A 36 foot inside diameter retort, called the industrial module, is being constructed and will produce 3,343 barrels per day of oil, 
50 tons per day of LPG, 81 tons per day of fuel gas, and 98 tons per day of sulfur from 7,800 tons of oil shale per day when com-
pleted. The completion date is now indefinite. 

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 bet-
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 Cats: $68.4 (US) Million (industrial module) 

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

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The pilot plant consisted of two specially 
designed burners to burn continuously in an underground oil shale bed at a depth of 70 feet. These burners produce an industry 
quality gas (greater than 800 BTUs per standard cubic foot).
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In November 1986, Ramer announced that Greenway Corporation had become the controlling shareholder in the company 

On November 24, 1987, Ramer 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. 

Ramex announced in November 1987 the start of a commercial production program in the devonian shale in the eastern states of 
Kentucky and Tennessee. In April 1988, Ramex announced the project would be moved to Indiana. A total of 2 wells have now 
been drilled. Gas tests resulted in ratings of 1,034 and 968 BTU. Two production volume tests showed 14, and 24,000 cubic feet 
per day. 

In late July, 1988 a letter agreement was signed between Tr-Gas Technology, Inc., the licensee of the Ramer process in Indiana, 
and J. M. Slaughter Oil Company of Ft. Worth, Texas to provide funding for drilling a minimum of 20 gas wells, using the Ramex 
oil shale gasification process, on the leases near Henryville, Indiana. 

Arrangements were made with Midwest Natural Gas to hook up the Ramer gas production to the Midwest Pipeline near lien-
ryville. As of May, 1989 Ramer had been unsuccessful in sustaining long-term bums. They therefore redesigned the burner and 
built a much larger model (600,000 BTU per hour vs 40,000 B'IlJ per hour) for installation at the 1-lenryville site. A new burner 
with improycd_metallurgy was planned to be installed in November. 1989. 

Ramer 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) (S-190) 

Proposed project on federal Tract Ca in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of 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. 

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 Han-
marville, Pennsylvania until late 1984 when it was shut down. This $29 million represents the capital and estimated operating cost 
for up to 5 years of operation. The company has not as yet developed commercial plans or cost estimates. On January 31, 1986 
Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in 
the project. Amoco has no plans to discontinue operations. 

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

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

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

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and 
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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 25,00 tons per day of shale feed was estimated 
to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

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

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$123 in 1987. 

Each partner to have a 50 percent interest in the project. 

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

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

Project Cost: See above 

TOSCO OIL SHALE PROJECTS— Tosco Corporation (S-210) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State-
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site environ-
mental assessments have been completed and applications for 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 US for the project was issued on February 1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air 
quality permit was approved in March 1983. All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has put any further action on this project on indefinite hold. 

In 1987 Tosco exercised its option to buy a lane block of patented oil shale claims in Colorado from the Tell Ertl Famil y Trust for 
$12 million. No plans for the development of this property have been made. 

TRANS NATAL T-PROJECT - Trans Natal, Genco; Republic of South Africa (S-220) 

Current developments in oil shale conversion by Gencor, one of the larger South African mining companies, have proved to be very 
promising and a feasibility study was completed in 1987. A technical study involving retorting test samples of oil shale mixed with 
coal has been carried out. It was found that by recycling the heavy oil fraction, it is possible to successfully retort a 50:50 mix of 
torbanite and coal. 

The project will consist of an underground mine with mining height of 1 t 23 meters. The material to be mined is a mixture of 
torbanite and bituminous coal. The deposit would be capable of supporting an output of 14,000 barrels of syncrude per day. 
Retorting will be accomplished with Lurgi LR retorts. The torbanite yields 250 liters of oil per metric ton, and the coal yields 100 
liters per ton. 

The basic design study was expected to be finished by the end of 1988. Commissioning of the project is anticipated during 1993 

Project Cost: $1.0 billion 

LIlT - 3000 RETORTING PROCESS - Union of Soviet Socialist Republics (S-230) 

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

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

The two U'fl'-3000 units built atthe Estonian ORES with a productivity of 3,000 tons per day are among the largest in the world 
and unique in their technological principles. However, as of late 1988, these units had still not reached full design capacity. 

SYNTHETIC FUELS REPORT, DECEMBER 1989 
2-53



STATUS OF OIL SHALE PROJECTS Underline denotes changes sines September 1989) 

COMMERCIAL PROJECTS Continued) 

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

As a result of these changes, the functioning of the U `IT-3W0 improved dramatically in 1984 in comparison with the period of 
1980-1983. For instance, the total amount of shale processed in the period 1980-1983 was almost the same as for only 1984, i.e. 
79,1000 tons versus 80,100 in 1964. The total shale oil production for the period 1980-83 was 10,500 tons and approximately the 
same amount was produced only in 1984. The avenge output of shale oil per run increased from 27 tons in 1980 to 970 tons in 
1984. The output of electric energy for Estonia-Energo continued constant in 1983 and 1984, by burning part of the shale oil in the 
boilers of Estonia GRES. 

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

In 1985, the third test of the reconstructed boiler 17-101 was carried out by using the shale oil produced at the UT1'-3. The im-
provement of the working characteristics of LrIT-3000 has continued. 

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

YAAMBA PROJECT - Yaamba Joint Venture (Beloba fly. Ltd., Central Pacific Minerals Nt, Southern Pacific Petroleum N.L. Shell 
Company of Australia Limited, and Peabody Australia fly. Ltd.) (S-240) 

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

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

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

In December, 1988 Shell Australia purchased a part interest in the project. The Yaamba Joint Venture now comprises Peabody 
Australia Pty. Ltd., with 41.66% percent interest, Shell Company Australia with 41.66% interest. Bcloba fly. Ltd. with 10%, 
Central Pacific Minerals N.L. with 33% and Southern Pacific Petroleum N.L. with 33%. Beloba fly. Ltd. is owned 50% each by 
SPP and CPM. Peabody Australia manages the Joint Venture which holds two 'Authorities to Prospect" for oil shale in an area of 
approximately 1,0 square kilometers in the Yaamba and Broad Sound regions northwest of Rockhampton. The "Authorities to 
Prospect' were granted to the Yaamba Joint Venture by the government of the State of Queensland. In addition to the Yaamba 
Deposit, the "Authorities to Prospect' cover a second prospective oil shale deposit in the Herbert Creek Basin approximately 
70 kilometers northwest of Yaamba. Drilling in the Herbert Creek Basin is still in the exploratory stage. Further exploratory drill-
ing of the Herbert Creek Basin is also continuing. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Yaamba oil shale resource, has now been completed. Environmental baseline investigations were 
carried out concurrently with this study. Further investigations aimed at determining methods for maximum utilization of the total 
energy resource of the Yaamba Basin and optimization of all other aspects of the mining operation, and collection of additional 
data on the existing environment are continuing. 

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

Project Cat: Not disclosed
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ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-20) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing processes developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging. 

In 1988 PAMA signed an agreement with Brazil's Petrobras to test Israeli shale in the Petrosix process. 

PAMA has completed extensive studies, lasting several years, which show that the production of either oil or power (the latter by 
direct combustion of the oil shale) is technically feasible. Furthermore, the production of power still appears economically viable, 
despite the recent collapse of petroleum prices and the uncertainties regarding the economics of production of oil from shale. 

PAMA has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant will be 
built that is in fact a commercial plant co-producing electricity to the grid, and low pressure steam for process application at a fac-
tory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, to be supplied by Ahlstrom, Finland, is based on a 
circulating fluid bed technology. 

Successful demonstration can pave the way to significant commercial production of power from oil shale in the next decade. 

The boiler will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will be sold to process application in a 
chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Commissioning was begun in August 
122 and oil shale firing is expected to begin in October. 

Project Cost: $25 million for combustion demo plant 

JULIA CREEK PROJECT - Placer Exploration Limited (S-290) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit of 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer was CSR Ltd, but as a result of purchasing CSR's mineral interests within Australia, Placer Pacific Ltd. is 
now owner of the project. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
average oil content of the shale is approximately 70 litres per dry tonne. 

Work carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a recir-
culating solid heat carrier has been concluded and patents for retorting and hydrotreating processes have been obtained. 

No development is planned 

LLNL CASCADING BED RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (5-300) 

Lawrence Livermore National Laboratory (LLNL) for several years has been studying hot-solid recycle retorting in the laboratory 
and in a one-tonne-per-day pilot facility and have developed the LLNL Cascading Bed Retort (CBR) process as a generic second 
generation hot-solid recycle retorting system. Much progress has been made in understanding the basic chemistry of hot-solid 
retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to commercial 
sizes. Large scale solid-handling represents one area where additional research is needed. 

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

Commercial realization of this process requires scaling up from the LLNL's existing laboratory-scale (one-tonne-per-day) retort to 
commercial sizes by a factor of 5,000 to 10,000. Understanding and solving solids-handling issues is a major part of that scaleup. 

In fiscal year 1989, fundamental chemistry studies continued, and LLNL has started to look at scaleup of the retorting process. 
They are currently upgrading the facility to process 33 tonnes-per-day of new shale, working with the full particle size (0.25 inch). 
Key components of the process will be studied at this scale by adding a delayed-fall combustor and fluid-bed mixer and replacing 
the rotary feeders with air-actuated valves, suitable for scaleup. In fiscal year 1990, LLNL plans to continue to operate the 
laboratory-scale facility and also test at larger scale the solids mixing and flow control components. 

Additional funding has been requested to enlist industry participation in the design of a commercial-scale plant and 100 ton per day 
pilot-scale test facility. 

NEW PARAIIO ASPHALT FROM SHALE OIL PROJECT—New Pazaho Corporation (S-310) 

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

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 $23 million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified as-
phalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in Paraho's 
pilot plant facilities, located near Rifle, Colorado in August, 1988. The retort was operated at mass velocities of 418 to 538 pounds 
per hour per square foot on 23 to 35 gallon per ton shale and achieved an average oil yield of 963 percent of Fischer Assay. In 
1988, New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from crude shale oil. 

Six test strips were constructed in 1989 in Colorado, Utah and Wyoming. The test strips will now be evaluated over a period of 
several years, during which time Paraho will complete site selection, engineering and cost estimates, and financing plans for a com-
mercial production facility. 

The size of the commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200 - $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time frame. 

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

Project Cat: $2,500,000. The company spent S100AQ in 1987. $1.100 	 in 1988 and $778.ODD in 1989 on shale oil asphalt 
research.
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RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (5-320) 

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 were conducted on pretreating technology, two hydrorefining processes using fixed-bed type and ebullated-
bed type reactors, high-performance catalysts for those processes, and two-step treating systems. 

Life tests of one of the catalysts containing molybdenum and promoting metals showed that steady 94 percent denitrogenation can 
be attained for 100 days. Production conditions for the catalyst were established. 

Optimum reaction conditions of the above process, and properties of products were also sought and gained. Shale oils were par-
tially hydrorefrned in the first stage, and further hydrorefined in the second stage under conditions typical of existing petroleum 
refineries. 

Project Cat: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT - United Nations (5-330) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters where it then levels, although the oil 
shale seams are not planar. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Alelisinac 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 ]MIS retorts 
would be in operation at a time, producing U?W barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,00D barrels per day at full 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the fl retort system un-
der development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 2D,000 barrels per day facility is estimated to be 11 years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the upgrading cost was estimated to 
be $7.00 (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for a 
full-scale 20,000 barrels per day operation would be given only after the results of the pilot module are known. The pilot module 
has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment had been expected in 
1988 but is now postponed to at least 1992. 

The project is currently considered to be suspended. 

Project Cat: US$12,000,000
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Project Sponsors Last Avoearance in SFR 

American Syncrudc Indiana Project American Syncn.de 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 Match 1984; page 2-52 
Project 

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

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 84 

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

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

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

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

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

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 5-3 

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

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

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

Oil Shale Gasification Institute or Gas Technology 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 Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

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

Triad Donor Solvent Project Triad Research Inc. December 1988; page 2-48
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United States Bureau of Mines Shaft 

United States Shale 

Unnamed In Situ Test 
Unnamed Fracture Test 

White River Shale Project

Multi-Mineral Corporation; United States 
Bureau of Mines 

United States Shale Inc. 

Mecca, Inc. 
Talley Energy Systems 

Phillips Petroleum Company 
Standard Oil Company (Ohio) 
Sun Oil Company

December 1983; page 2-52 

March 1985, page 2-72 

September 1978; page B-3 
September 1978; page B4 

March 1985; page 2-72 
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-52 

Beloba Pry. Ltd. Yaamba Project 2-54 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 245 

Central Pacific Minerals Acorn Project 245 
Condor Project 2-46 
Rundle Project 2-52 
Yaamba Project 2-54 

Chevron Shale Oil Company Clear Creek Project 2-46 

Conoco Inc. Clear Creek Project 2-46 

Edwards Engineering Company Edwards Engineering 247 

Esso Australia Ltd. Rundle Project 2-52 

Exxon Company USA Colony Shale Oil Project 2-46 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-48 

Ciencor Trans Natal T-Project 2-53 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-51 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2.57 
Trade and Industry 

Jordan Natural Resources Jordan Oil Shale Project 249 

Lawrence Livermore National Laboratory LLNL Cascading Bed Retort 2-55 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 249 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-50 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-46 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-56 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-45 

Office National de Recherche et Morocco Oil Shale Project 2-50 
d'Exploitation Petrolieres 
(ONA REP) 

PAMA Inc. Israeli Retorting Development 2-55 

Peabody Australia Pry. Ltd. Yaamba Project 2-54 

Petrobras Petrosix 2-51 

Placer Exploration Limited Julia Creek Project 2-55 

Ramex Synfuels International Ram" Oil Shale Gasification Process 2-51 

Republic of South Africa Trans Natal T-Project 2-53 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-52
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Company or Organization Project Name Page 

Sinopec Fushun Commercial Shale Oil Plant 2.48 
Maoming Commercial Shale Oil Plant 2-49 

Southern Pacific Petroleum Acorn Project 245 
Condor Project 2-46 
Rundle Project 2-52 
Yaamba Project 2-54 

Tosco Corporation Tosco Sand Wash Project 2-53 

Trans Natal Trans Natal T-Project 2-53 

Unocal Corporation Parachute Creek Shale Oil Program 2-50 

Union of Soviet Socialists Republics Estonia Power Plants 2-48 
Kiviter Process 249 
Urr-300D Retorting Process 2-53 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-57 

Yaamba Joint Venture Yaamba Project 2-54 

Western Slope Refining Gary Refinery 2-48
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PROJECT ACTIVITIES 

OIL MINING PROJECT SET FOR LOUISIANA 

The United States Department of Energy has awarded 
a $7.2 million grant to a Texas oil company, Im-
proved Gravity Drainage (IGD) Company of Houston, 
to demonstrate an experimental technique in which 
wells are drilled from underneath a reservoir and 
the oil allowed to drain downward into the holes 
where It would be collected in an underground 
piping assetbly. 

The gravity drainage technique, if successful, could 
dramatically reduce the number of feet required to 
be drilled to produce certain oil reservoirs--perhaps 
by as much as a factor of 10. For example, in the 
80-acre tract to be used for the demonstration, 
roughly 70,000 feet of horizontal production holes 
drilled along the base of a reservoir will expose the 
same amount of the oil-bearing formation as nearly 
750,000 feet of vertical holes, the latter requiring 
approximately 500 surface wells. The result could 
be significantly lower productions costs coupled with 
the ability to produce a larger percentage of the 
total oil in a reservoir. 

The demonstration project will take place in the 
Caddo-Pine Island field In Caddo Parish, Louisiana, 
approximately 20 miles northwest of Shreveport. 

lCD,	 along with	 support contractors	 and oil Industry 
participants,	 will	 add $7.8	 million	 to the federal 
grant,	 bringing the total project	 cost	 to $15 million. 
The test Is expected to take three and a half years. 

The Caddo-Pine Island field was selected after 
researchers screened several candidate oil fields, 
looking for a relatively large reservoir of light oil 
at a depth of 2,000 feet or less which had proven 
difficult to produce by conventional means. 

The	 field	 chosen was	 discovered	 in 1908	 and 
originally	 contained more than 4.5 billion barrels	 of 
oil in a pay zone located	 in	 the Upper Cretaceous 
Annona	 chalk	 in the	 interval from 1,300	 to 
1,500	 feet	 deep. Nearly	 16,000 wells have	 been 
drilled into	 the field to date, but only eight percent 
of the original oil has been produced.

One of the main reasons for the field's poor produc-
tion is that the reservoir rock has extremely low 
permeability.	 The field natural reservoir pressure 
has also long since been depleted. What oil that 
can be recovered trickles slowly through a complex 
network of natural fractures, drawn by the force of 
gravity to producing wells. 

By drilling horizontal and slanted wells, however, 
researchers hope to Intersect more of the natural 
fractures and allow more of the oil to be drained 
by gravity into a central collection zone. 

To drill the drainage wells, lCD and its support con-
tractors first will bore two large diameter (72-inch)

shafts to depths below the oil formation (Figure 1). 
The holes will be lined with 48-inch diameter steel 
casing--large enough to permit both men and equip-
ment to be lowered through it. The casing will be 
surrounded by a one-foot thick collar of cement. 

FIGURE 1 

PLAN FOR OIL MINE 
IN CADDO - PINE ISLAND FIELD 

F77 
2701"1 

Conventional mining techniques will 	 then be used to 
excavate	 a 175	 foot	 square	 drilling platform or 
chamber, from the base of the shafts out under the 
oil	 reservoir. A	 specially designed	 drill rig	 will be 
lowered	 into the	 chamber and	 used	 to drill	 wells 
upward into the formation.

If the technique works as planned, oil draining from 
the reservoir would run down the slanted holes into 
a piping assembly installed around the inside 
perimeter of the underground chamber. Gas will be 
separated from the oil and the oil piped to the sur-
face. 

To augment natural reservoir pressures, the Caddo 
Pine Island test will also involve enhanced oil 
recovery (EOR) techniques to help push the oil into 
the horizontal wellbores. 

lCD, a partnership of Kepllnger Production Company 
of Houston, and T.Q.R., Inc. of Tulsa, Oklahoma, will 
manage the project and supply the mining equipment. 

Supporting contracts will include the National In-
stitute for Petroleum and Energy Research of 
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Bartlesville, Oklahoma, which	 will	 provide	 reservoir 
engineering and laboratory/field support	 for	 the	 EOR 
aspects	 of the project; and	 K&A	 Energy Consultants 
of	 Houston and Tulsa, which	 will	 conduct	 reservoir 
engineering and provide field design support.

When work finally does get under way at Caddo-Pine 
Island, it will be the realization of planning that 
goes back to the early 1980s. In 1982, Keplinger 
and Associates completed a study for Petrol In-
dustries of Shreveport, Louisiana that concluded the 
gravity drainage technique was viable for the area. 
According to Keplinger, oil economics at the time 
prevented the project from getting off the ground. 

In 1984, Petroleum Mining Company of New Orleans 
proposed n similar venture at Caddo-Pine Island. 
But the company failed to raise the necessary capi-
tal and was forced to abandon the project. 

In 1986, Terra Quest Recovery attempted to put 
together another package to obtain private financing 
for the mining operation. This time the 
governments participation has meant the difference. 

If the project Is successful, Keplinger wants to ex-
cavate for seven additional platforms in as many 
states in two years. The additional states are Ok-
lahoma, Kansas, Texas, New Mexico, Wyoming, West 
Virginia and California. Targets will include heavy 
oil and natural gas. 

About 3,000 United States reservoirs are eligible for 
underground-based drilling Keplinger believes. 

The first horizontal holes will extend outward for 
1,500 feet in the demonstration area. It Is hoped 
that 5,000-foot horizontals can be scheduled later. 

About 60 horizontal wells may be completed in the 
Caddo-Pine Island effort. However, the platform 
should be capable of handling 300 to 400 wells. 

CARIBOU LAKE PUAYr TO PROCEED

Site clearing and preparation began this fall with 
well drilling to follow after freeze-up and the main 
facility construction to occur through the second and 
third quarters of 1900, followed by start-up prior to 
year-end. The pilot will consist of 25 cyclic 
steam/production wells, a 75 million BTU per hour 
steam generation capacity, and associated oil treat-
lag and produced water clarification facilities. A 
comprehensive testing and analysis program to define 
technology for maximum reuse of produced water 
will be incorporated. Total capital cost of the pilot 
is expected to be approximately $20 million. 

Bases on simulation, Husky expects seven cycles of 
steam injection and bitumen production during the 
pilot's six-year life. Total bitumen recovery from a 
single well is expected to be 100,000 barrels. 
Average pilot production from the 24 wells and an 
existing well nearby Is expected to be 1,132 barrels 
per day over the project's life. 

HUSKY EXPANDS LLOYDMDWrER AREA STEAM PROJECT 

Husky Oil Ltd. announced in November that it in-
tends to continue expansion of its Pikes Peak Project 
located in Saskatchewan, Canada 40 kilometers east 
of Lloydmlnster. In 1989, the Pikes Peak Project 
was expanded with the addition of 14 heavy oil 
wells and related facilities. These wells were to be 
placed on steam injection by December 1989. 

Further expansion of the Pikes Peak Project will 
proceed with engineering and design work commenc-
ing immediately for an additional 28 wells and as-
sociated facilities. The 1990 capital expenditure will 
be approximately $9 million with drilling conducted 
during the third quarter. Continuing expansion is 
supported by successful 1989 drilling results and a 
strong ongoing performance, says Husky. Oil produc-
tion is expected to exceed 6,000 barrels per day in 
1991. 

Husky Oil Ltd., Calgary, Alberta, Canada and AEC Oil 
a Gas Company have announced their intention to 
proceed with the development of the Caribou Lake 
Pilot Project, located in Township 69, Range 5 W4M, 
in the Cold Lake Air Weapons Range in Alberta 
Canada. This project will test the potential com-
mercial application of producing heavy oil using 
cyclic steaming technology. Husky will operate the 
project and has a 60 percent working interest. AEC 
Oil a Gas Company, a division of Alberta Energy 
Company Ltd., has a 40 percent working interest in 
the project. 

Husky and AEC have drilled 48 exploratory and 
development wells on the 372-section Caribou Lake 
block. Natural gas and bitumen discoveries have 
resulted, with the quality and extent of the bitumen 
resources said to justify this pilot recovery project.

SITE WORK UNDER WAY FOR BIPROYINCIAL UPGRADER 

Site work for Husky Oil's Biprovincial heavy oil 
upgrader at Lloydminster, Saskatchewan, Canada, 
began this fall. 

It is the operator's intention to shut down for the 
winter but major construction work will commence 
right after the spring thaw in 1990. 

To date, there have been only 135 workers on the 
site, but by 1991, peak construction should be 
reached with more than a thousand construction per-
sonnel on location. 
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By the spring of 1992, all mechanical components 
should be in place. The $1.3 billion project will 
upgrade some 46,000 barrels per day of heavy oils 
by the fall of 1992. 

About 20 percent of the engineering had been com-
pleted by September. Expectations are that en-
gineering will be finished by the end of 1990. 

Five major engineering groups have been retained, 
with Husky and Monenco acting as a joint project 
management team. Some 525 engineers are working 
on the project from Bantrel, PCL, Kilborn/Bantrel 
joint venture, SNC/FW and Monenco. 

The upgrader will be situated some 10 kilometers 
east of the existing Husky refinery that is located 
on the Alberta side of the Alberta-Saskatchewan 
border. 

Low conversion hydrocracking using the H-Oil tech-
nology of Hill Inc. was chosen as the primary 
upgrading process. 

Primary upgrading will consist of the H-Oil unit, a 
delayed coking unit, and a gas recovery unit. 
Secondary processing will include a naphtha-jet fuel 
hydrotreater and a gas/oil hydrotreater. 

THREE STAR OIL MINE ABANDONS SNAKE PATTERN 
DRILLING TECHNIQUE 

Three Star Drilling and Producing Corporation of 
Lawrenceville, Illinois has been developing an oil 
mining project in Illinois. A vertical shaft was sunk 
more than 400 feet into the Upper Siggins sandstone 
of the Siggins oil field. A short tunnel was then 
cut from the shaft to a point near the bottom of 
the pay zone where a 24 foot diameter drilling room 
was excavated. From the drill room, Three Star has 
been boring horizontal drain holes upward and out 
Into the pay zone. 

Originally, Three Star's	 approach was	 to	 drill	 the 
drain holes in	 a snake-like pattern weaving up and 
down through the pay zone to get as much exposure 
as	 possible. Some 12,00	 feet	 of drilling	 was	 ac-
complished with this	 technique,	 creating	 individual 
drain holes with as much	 as 1,200 feet	 of	 hole	 In 
900 feet of horizontal displacement.

Three Star also drilled two lateral side branches 
from some holes, branching off at 300 feet and ex-
tending the laterals to 900 feet total length. 
However, the company ran Into some problems with 
the complex holes, losing time due to lost tools. 
They are now concentrating on drilling basically 
straight, upward-slanting holes, in an attempt to 
begin production by January, 1990.

Eventually	 the	 company	 plans	 to	 sink	 the	 shaft 
another	 130 feet to the	 Lower	 Siggins.	 Plans	 call 
for	 50,000 feet of horizontal	 drain	 holes	 to	 be 
drilled	 into each of the	 two	 oil	 producing	 zones. 
Some 30,000 feet of horizontal shafts	 Is expected to 
be completed by the time production gets under way 
in January.

The decision to start producing with less than the 
50,000 feet of footage planned is based on Three 
Star's need to bring the project on line as soon as 
possible. The company plans to bring production on 
line and continue drilling at the same time. 

Three Star has not decided on final configurations 
for the mine. The company may end up placing two 
production rooms at each level in the two zones. 
After the horizontals are in place, all wells on the 
surface of the 60-acre project area will be con-
vened to water injection.

fin 

NEWORADE UPGRADES. PASSES FIRST YEAR OF 
OPERATION 

The heavy oil upgrader operated by NewOrade Energy 
at the Consumers Co-Operative Refinery in Regina, 
Saskatchewan, Canada started up one year ago, in 
November 1988. Although the 50,000 barrel per day 
upgrader was said to have started up smoothly for 
the most part, a number of problems cropped up 
during the year. Most serious was a fire in the 
atmospheric residual desulfurization units last sum-
mer.	 This put the upgrader out of operation for 
several weeks. 

Designed to upgrade a heavy oil mix to a light 
reconstituted crude, the upgrader supplies the ad- 
jacent	 Consumers	 Co-Op	 Refinery	 with	 its 
50,000 barrel per day requirement. The upgrader 
had been running on 30,000 barrels per day of heavy 
crude from Lloydminster and Fosterton, and about 
20,000 barrels per day of Alberta light sweet crude. 

The fire was one of a number of operating dif-
ficulties at the upgrader over the past year. Al-
though it was originally designed to run only heavy 
crude, these difficulties are causing the owners to 
re-evaluate what type of crude the equipment can 
best handle. 

Present plans call for a 50/50 blend of diluted 
Lloydminster heavy oil and Saskatchewan 
Fosterton/Dollard medium crude as long as possible, 
with Lloydminster heavy oils gradually Increasing to 
58-60 percent in the late 1990s, and escalating to 
70 percent by about 2005. 

fin 
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OSLO CARRYING OUT DIVERSIFIED R&D PROGRAM 

The $4 billion OSLO oil sands project continues on 
track, and could even be accelerated if oil prices 
pick up, say the project's sponsors. The OSLO group 
has until July 1, 1991, under an agreement with the 
federal and provincial governments to decide whether 
to proceed with the project. Lead partner Esso 
Resources Canada says it hopes to complete plans by 
March 31, 1991. 

Various sources estimate that the 77,000 barrel per 
day integrated mining and upgrading project would 
need world. oil prices in the range C$20 to C$25 per 
barrel to be economically feasible. 

As it continues preliminary design activities, the 
OSLO group Is also considering a new generation of 
oil sands processing technologies that could reduce 
the cost of producing and upgrading bitumen. OSLO 
has set up a research group called OSLO New Ven-
tures to research and evaluate a number of ex-
perimental oil sands technologies. Three different 
technological approaches are currently under con-
sideration: cold-water bitumen extraction; mining oil 
sands from floating dredges; and producing deeply 
buried sands by borehole mining. 

Dredge Mining and Cold Water Extraction 

The Alberta Oil Sands Technology and Research 
Authority (AOSTRA) and OSLO have funded the first 
two years of a multi-year project, on a 50-50 basis, 
to evaluate the use of suction dredges for mining of 
oil sands and to develop a compatible cold water 
extraction process. The first year (1987/1988) 
program consisted of laboratory bitumen extraction 
tests; design, construction and operation of a 
laboratory sized pilot dredge; oil sands slurry pump-
ing and dispersion tests; and a feasibility study for 
field testing of the pilot dredge coupled with the 
cold water process. 

The experimental results were said to be positive, 
showing attractive bitumen recovery in the 
laboratory extraction tests and physically illustrating 
the ability to dredge and extract bitumen in an in-

tegrated operation at the laboratory-sized pilot plant 
in Calgary. The main activities conducted in year 2 
(1988/1980) of this project consisted of ice melting 
tests for year round dredging, carded out at Esso 
Resources' test basin in Calgary, continuation of 
laboratory scale extraction tests, transportation, 
setups, and field testing of the integrated dredging, 
pipetining, and extraction pilot plant at a location 
on lease #41 near Fort McMurray, Alberta. A 
detailed engineering study and cost estimate was 
prepared for a 600 tonne per hour field demonstra-
tion facility. 

The cold water experiments involve using cold water 
and chemicals instead of hot water to separate 
bitumen from oil sands. 

If successful, this would mean more solid tailings 
and much smaller tailings ponds. In fact, the fur-
ther development of many oil sands mining and ex-
tracting projects in Alberta could ride on overcoming 
the problem of excessive, non-settling tailings. 

Borehole Mining 

About 14 percent of the oil sands bitumen in the 
Athabasca deposit is too deeply buried to be 
economically recovered by surface mining but yet Is 
not buried deeply enough to allow recovery using 
conventional thermal in situ recovery processes. A 
potential method for recovery of oil sands with this 
"in-between" thickness of overburden coverage is 
through the use of borehole mining in which the oil 
sands may be mined through a well from the surface 
by using cutting jets of high pressure water to 
loosen the oil sands.	 The resulting slurry of oil
sands and water would then be pumped to the sur-
face for processing. AOSTRA and the OSLO group 
have carried out preliminary testing of borehole min-
ing in the Athabasca oil sands near Fort McMurray. 
Laboratory tests were conducted to simulate the high 
pressure water jet cutting of oil sands at the bot-
tom of a borehole. These were followed by a field 
test of oil sands cutting using high pressure water 
jets. The program is continuing in 1989. 
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CORPORATIONS 

HP CANADA WANTS TO SELL WOLF LAKE 

HP Canada says It Is investigating the possibilities of 
selling all or part of its interest In the Wolf Lake 
bitumen production facility. This in situ oil sands 
project is located In east-central Alberta and cur-
rently produces 1,300 cubic meters (8,300 barrels) of 
bitumen per thy.	 The project Is a 50/50 venture
with Petro-Canada and UP Canada Is the operator. 

The action is said to reflect a decision by UP 
Canada to achieve a more-balanced portfolio of 
natural gas, conventional oil, frontiers exploration 
and mining activities. 

The total Investment In Wolf Lake to date has been 
over $300 million. Initial production at designed 
capacity of 7,000 barrels per thy 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. 

In 1987, a program designed to expand production by 
2,400 cubic meters per day to 3,700 cubic meters 
per day total bitumen production was initiated. The 
major contract for the central plant was let to 
Fluor Corporation In October, 1987. Wolf Lake 2 
was completed in mid-1989. 

Wolf Lake Phase 2 originally was planned to be fol-
lowed by Phases 3 and 4. UP's production target 
was 7,000 cubic meters per thy in the 1990s 
(44,000 barrels per day). 

In early 1989, UP Canada and Petro-Canada said they 
would delay by one year the decision to start up 
the second phase. 

UP Canada President D. Claydon had told shareholders 
at their annual meeting In May of the company's 
growing dissatisfaction with the mega-project. 

The company's net Income had fallen from 
C$44.6 million in 1987 to C$10.3 million in 1988, 
and return on shareholder equity had dropped from 
11.2 percent to only 2.2 percent. 

TAR SANDS DRILLING PROPOSED IN WUrFEROCKS 
CANYON 

A mining claimant has submitted a Plan of Opera-
tions to the Vernal Ranger District In Utah, propos-
ing to drill one test hole to a depth of 800 feet 
near the mouth of Whiterocks Canyon, on a bench 
just above the east canyon wall. The purpose of 
this test drilling Is to evaluate the mineral content 
of the tar sand deposits In this area. Access to 
the drill site is provided by an existing road and 
the portable drill rig will not require a level pad to

operate. Total time on location will not exceed 
14 days and the mining claimant requested to begin 
work by November 15, 1989. 

In addition, the mining claimant proposed to obtain a 
bulk sample of the tar sand deposit near the 
Whiterocks Canyon Road, in the mouth of the 
canyon. Access to this site Is proposed by con-
structing 300 feet of temporary road from the 
Canyon Road. it is proposed to use a small amount 
of explosives to obtain a sample from a depth of 
five feet. A backhoe will then remove ap-
proximately five 55 gallon drums of freshly exposed 
asphalt sand for analysis. 

C-il DREDGING PROJECT TO BE EXTENDED 

An experimental oil sands dredging program developed 
by C-H Synfuels Ltd. of Calgary, Alberta, Canada, 
has been given a one-year extension by Alberta's 
Energy Resources Conservation Board (ERCB). 

The ERCS has Issued a draft approval for the test 
mining of oil sands using a flooding and dredging 
approach, low-energy oil separation and a new tail-
ings treatment process. 

C-H Synfuels has obtained a lease close to the town 
of Fort McMurray in the Horse River Valley, but has 
so far been unable to raise the capital required to 
carry out the project. 

IMPROVED RESULTS AT SUNCOR BUOY 3RD QUARTER 
PROFITS AT SUN 

Sun Company reported net income of $85 million for 
the third quarter of 1989.	 This represents an 
18 percent Increase from the $72 million,	 or
$0.67 per share of common stock, earned In the 
third quarter of 1988. Revenues were $2.73 billion 
in 1989s third quarter, compared with $2.46 billion 
a year ago. 

R. Mcclements Jr., Sun's chairman and chief execu-
tive officer, said that the increase In net income 
was principally due to higher earnings from Suncor, 
Sun's 75-percent-owned Canadian subsidiary, and 
higher results from exploration and production opera-
tions outside North America. He also noted that the 
absence of $10 million of losses from domestic ex-
ploration and production operations contributed to 
the improvement. Sun distributed its domestic ex-
ploration and production business to the company's 
shareholders on November 1, 1988. Partially offset-
ting these positive factors were reductions in domes-
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bar sediments at Waukegan, Illinois, leaving behind 
clean solids suitable for landfill. 

tic refining and marketing earnings of $13 million 
and in coal earnings of $5 million. 

Discussing the higher results at Suncor, McClements 
said: "Suncor's net income increased $14 million in 
the 1989 third quarter compared with a year ago 
primarily because of improved results from the oil 
sands operation." McClements indicated that the im-
provement was due to higher synthetic crude oil 
prices and production volumes. Average net produc-
tion of synthetic crude oil was 61,500 barrels per 
day at an average price of $18.54 per barrel for 
the third quarter of 1989, compared with 
56,000 barrels per day at an average price of 
$14.03 per barrel for the third quarter of 1988. 

For the first nine months of the year, net income 
was $271 million, compared with a net loss of 
$69 million, or $0.66 per share for the same period 
last year. Results for the 1988 first nine months 
included special charges totaling $297 million after-
tax primarily associated with domestic exploration 
and production. Excluding these special charges, 
results for the first nine months of 1989 increased 
$43 million, or 19 percent, compared with the year 
ago period. Revenues for the nine-month period 
were $8.30 billion, compared with $7.28 billion in 
the first nine months of 1988. 

McClements noted that the increase in income before 
special charges	 during the first	 nine	 months of	 the 
year	 was due	 in	 part to	 higher	 earnings from 
Suncor's	 oil sands and refining and	 marketing opera-
tions.

The special charges totaling $297 million included in 
the results from the first nine months of 1988 were 
for the write-down of assets intended for sale and 
for the cost of anticipated employee terminations, 
office closings and other matters. 

TACIUX PROCESSOR GETS WASTE CLEANUP JOB 

The first commercial application of the Taciuk 
Process, developed by UMATAC Industrial Processes 
Division of UMA Engineering Ltd. under funding from 
the Alberta Oil Sands Technology and Research 
Authority (AOSTRA) will be to clean up hazardous 
wastes at an Illinois Superfund site. 

A $4.5 million transportable modular rotary kiln 
processor was commissioned August 31 in Calgary, 
Alberta, Canada. 

The plant, sold to Soiltech Inc., was designed and 
constructed by UMATAC Industrial Processes, which 
has been granted an exclusive license for waste 
treatment applications of the Taciuk Process by 
AOSTRA, owner of the technology. AOSTRA has con-
tributed $18 million to the development of the tech-
nology over a 12-year period. The new plant will 
be used by Soiltech in separating and recovering 
PCB-contaminated oils from some 20,000 tons of bar-

Environmental cleanup promises to be an Important 
role for the Taciuk system. W. Yurko, chairman of 
AOSTRA, envisages a time when similar plants will 
be on the road performing environmental rernediation 
at contaminated refinery sites across North America. 

The Government of Canada helped support construc-
tion of the facility with a conditionally repayable 
contribution of $952 9 500 from the Western Diver-
sification Fund. 

The Taciuk Process was conceived as a means of 
recovering bitumen from tar sand and simultaneously 
performing primary upgrading. The process is 
capable of providing high yields of syncrude while 
eliminating the undesirable environmental impacts of 
high water consumption and tailing ponds. 

The heart of the system Is a large rotating cylindri-
cal retort which vaporizes volatile hydrocarbons con-
tained in the feedstock. Remaining residues are 
then combusted, leaving only clean tailings, safe for 
handling and disposal. The commissioned unit is 
designed to process 10 tons of contaminated material 
per hour. 

Waste treatment at Waukegan Harbor is scheduled to 
begin in 1990 and be completed in 1992. 

Soiltech Is expecting to remove 	 more	 than 
97 percent of the contaminants in the area. The 
process will separate the PCBs and other oily liquids 
from the sludge leaving the solids environmentally 
safe for landfill. The resulting liquid contaminants 
will be taken to a hazardous waste treatment 
facility. 

With this first commercial sale of the Taciuk Proces-
sor AOSTRA Is looking forward to more sales. 

BP America's exploration unit is interested in the 
technology for a central waste treatment facility in 
the Beaufort Sea's Prudhoe Bay area. 

The company has asked for a proposal on a plant 
that would process 800,000 barrels of contaminated 
soils and sludges per year. 

AOSTRA PUBLISHES NEW OIL SANDS HANDBOOK 

In 1984, the Athena Oil Sands Technology and 
Research Authority (AOSTRA) published a technical 
report titled "the Thermodynamic and Transport 
Properties of Bitumens and Heavy Oils," sometimes 
informally called the "Robinson Compilation." This 
report has been useful in industry and also in 
university and government research laboratories as a 
convenient source of fundamental data on the ther-
modynamic and transport properties of bitumens and 
heavy oils. It has, however, been recognized by the 
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authors of this report and by its users that a more 
comprehensive report would be even more useful. 

As a result of research sponsored by AOSTRA's 
University Research Program and its Institutional 
Research Programs, and also as a result of industrial 
research, it became apparent a few years ago that 
many new experimental data were becoming available 
that should be included in an updated technical 
handbook. In addition, many of the researchers who 
were providing new experimental data were also 
developing correlations and predictive models, which 
permitted use of available data as a basis for es-
timating other data. 

Therefore AOSTRA sponsored the preparation of a 
new handbook, edited by L.G. Hepler and C. Hsi. 
Titled AOSTRA Technical Handbook on Oil Sands, 
Bitumens and Heavy Oils, the handbook is now avail-
able in the AOSTRA Technical Publication Series #6. 

Chapters in the 400-page handbook include: 

- Geology of the Alberta Oil Sands Deposits 
- Analytical Methods 
- Bitumen and Heavy Oil Chemistry 
- Thermochemical and Thermodynamic Properties 
- Interfacial Properties 
- Phase Equilibria and PVT Properties 
- Viscosity 
- Geotechnical Properties 
- Inorganic Geochemistry 
- Fluid Flow in Porous Media 
- Heat Transfer 
- Mass Transfer by Diffusion 
- Electrical Heating of Reservoirs 

CANADIAN ENERGY DEVELOPMENTS PROMOTING 
28,000 BPD COPROCESSING FACILITY 

Canadian Energy Developments Inc. (CED) of Edmon-
ton, Alberta, Canada is proposing a C$700 million 
project to design and construct a 
28,000 barrel-per-day upgrader that would process 
heavy oil and coal together to produce synthetic 
light crude and cogenerate electricity. The project 
plan is to begin operations in 1996. 

CED has completed a technical and economic study, 
and Is soliciting funds from the Alberta and 
Canadian governments for a $32 million demonstration 
of the upgrader, to be built in West Germany in 
partnership with Saarbergwerke A.G. 

The six-ton per day demonstration plant would be 
built at Geseilschaft fur Kohleverflussigung (GfK) a 
Saarbergwerke subsidiary. 

CED developed a high conversion coprocessing scheme 
to give high distillate yield from Vesta coal and 
Cold Lake bitumen which Is currently being tested at 
a one-quarter ton per day unit operated by Alberta 
Research Council (ARC) at its Nisku facility.

ARC Is also working with Hydrocarbon Research in-
corporated (Urn) to help refine the coprocessing 
technology. The GEl) technology uses a low cost 
disposable type of catalyst while HRI uses a more 
expensive and high performance catalyst. 

CED has raised about 60 percent of the $32 million 
needed for the demonstration plant. The Federal 
Republic of Germany has 'committed In principal" to 
provide $19.5 million for a final design and 
demonstration project. The project is now trying to 
raise $12.5 million from Canadian sources. 

The demonstration would concentrate on the primary 
upgrading stage and secondary hydrotreating require-
ments, and be completed In 24 to 28 months. 

Detailed process engineering and project feasibility 
for a commercial-scale project would follow, from 
1991 to late 1992. 

Detailed engineering, procurement and construction of 
the commercial plant would take place from 1992 to 
1996, according to a proposed schedule. 

Over a 25-year operating life, the plant could gen-
erate $206 million a year in income, with 
$130 million in operating costs. The discounted cash 
flow returns estimated for the project are on the 
order of 20 to 22 percent. 

AOflA REVIEWS OIL SANDS DEVELOPMENT PROGRAMS 

At the 14th Congress of the World Energy Con-
ference, held in Montreal, Canada in September a 
paper by W. Turko, chairman and chief executive of-
ficer of the Alberta Oil Sands Technology and 
Research Authority (AOSTRA) outlined AOSTRA's ongo-
ing programs in developing technology for bitumen 
and heavy oil production. An overview of his 
presentation follows. 

AOSTRA Fcrmati 

The Alberta Oil Sands Technology and Research 
Authority was formed by the Alberta Provincial 
Government in 1974 with the mandate to develop 
technology for the efficient and economic recovery 
and processing of bitumen, heavy oil and conven-
tional crude oil with environmentally acceptable 
technology.	 The technology developed was to be 
transferable to industry and other nations. The 
province of Alberta contains the majority of the 
bitumen, heavy oil and conventional oil and is the 
major producer of petroleum products in Canada. 

Since 1974, AOSTRA has invested approximately 
$500 million dollars in research and development of 
Alberta's oil sands, heavy oil and conventional oil 
resources. Through joint AOSTRA industry agree-
ments, industry has invested a like amount. Thus a 
billion dollar pool of technology has been developed 
and Is available for license from AOSTRA 
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AOSTFIA's thrust for bitumen recovery technology 
development has concentrated on thermal in situ 
recovery methods, explains Yurko. Over 90 percent 
of the total in place bitumen in Alberta Is too 
deeply burled to be recovered by commercial surface 
mining methods. Thermal in situ recovery from oil 
sands Is influenced by three major technical con-
siderations, says Yurko: 

- The ability to heat the reservoir at efficient 
rates by injection of heat or generation of 
heat within the reservoir 

- The ability to displace the heated bitumen 

- The ability to recover the oil in a controlled 
manner 

Steam based methods for thermal production of 
bitumen from oil sand are by far the most 
predominant method studied by AOSTRA. Cyclic 
steam or huff and puff is the method used in the 
Cold Lake area for commercial production. While 
the method is simple, effective and economical in a 
wide variety of oil sands reservoirs, the ultimate 
recovery of oil in place seldom exceeds 20 percent. 
The major technical challenge is to raise or improve 
the ultimate recovery of bitumen while respecting 
the economic criteria of production. The major 
methods to improve ultimate recovery beyond that 
achieved through cyclic steam methods are the use 
of additives with the steam, steam drive methods 
and combustion following steaming. 

Steam Additives 

AOSTRA with Bow Valley Industries are testing the 
use of superheated steam with carbon dioxide and 
clay stabilization chemicals at a pilot operation in 
Cold Lake. AOSTRA with Amoco Canada and Petro-
Canada in the GLISP pilot are testing steam plus 
carbon dioxide and naphtha additives in a location 
near Fort McMurray in the Athabasca oil sands. 
AOSTRA with Canterra (now Husky) and Tenneco 
operate the Rear! Lake steam drive pilot in the 
Athabasca and have tested natural gas addition to 
steam. 

Steam Drive - Huff and Puff 

Steam drive methods offer higher ultimate recovery 
due to improved sweep of the reservoir between in-
jector and producer. Yurko notes that a very suc-
cessful application of a modified steam drive method 
has been demonstrated at the AOSTRA/Shell Canada 
pilot plant operation in Peace River which was the 
precursor of the commercial operation by Shell 
Canada. AOSTRA currently participates in two steam 
drive pilots in the Athabasca, the previously men-
tioned GLISP and Kearl Lake pilots. The 
AOSTRA/Bow Valley pilot in the Cold Lake deposit is 
converting to a steam drive as heat fronts from the 
cycle steam operations at individual wells converge.

Combuztiaa Following Steaming 

Combustion following cyclic steaming promises to be 
a very attractive method to improve ultimate 
recovery. AOSTRA with Amoco Canada, Petro-
Canada, Suncor and Shell Canada investigated com-
bustion with air as the initial and primary recovery 
method at a prototype scale pilot in the Athabasca 
Oil Sands. The "Block I" pilot failed to yield 
results, says Yurko, because of the poor conformance 
provided by the combustion process in a virgin oil 
sands reservoir. 

AOSTRA	 was	 involved	 in the late	 stages of	 steam 
and combustion testing in the Wabasca oil sands with 
General	 American,	 The pilot consisted of	 a	 wet 
combustion drive process tested in an inverted seven 
spot	 pattern.	 The	 combustion pilot	 failed	 due	 to 
poor	 interweil	 communication and	 low production 
results.

In the Cold Lake oil sands AOSTRA supported the 
Marguerite Lake pilot plant which was operated by 
BP Canada with Dome and PanCanadian. The Mar-
guerite Lake pilot initially investigated steam huff 
and puff recovery. After completion of the steam 
huff and puff phase, the four five-spot patterns 
were converted to oxygen combustion using a 
modified wet combustion drive. According to 
AOSTRA the results with oxygen combustion have 
been most promising, with the conformance of the 
combustion process being favorably influenced by the 
preheated reservoir. 

Comunnientlea Development 

In the Athabasca oil sands, the major barrier to the 
development of a commercially viable in situ 
recovery technology is the need to develop com-
munication between injectors and producers so that 
the reservoir may be exploited with steam drive 
methods. Steam huff and puff has not proven suc-
cessful to date In the Athabasca oil sands due to 
the naturally low gas saturation in the bitumen 
coupled with difficult sand control problems at the 
producers. AOSTRA has supported and continues to 
support pilot plants in the Athabasca oil sands. 

Numac Oil and Gas operated the Surmont test which 
had AOSTRA, Gulf and Amoco as participants. This 
was a single well operation which attempted to 
create and map horizontal fractures in the McMurray 
formation at a depth of almost 500 meters. The 
results of the Surmont tests provided an understand-
ing of how fracturing could potentially be used to 
develop interwell communication in the Athabasca oil 
sands. 

Texaco Canada conducted steam recovery operations 
in three horizontal wells at Fort McMurray. AOSTRA 
has access to the pilot results through a license ar-
rangement. The pilot demonstrated that horizontal 
wells could be effectively placed at the 100 meter 
depth in the McMurray formation. 
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The PCEJ Group of Petro-Canada, Cities Service, Esso 
and Japan Canada operated the Stoney Mountain 
Electrical heating Pilot. AOSTRA, through license 
arrangements, has access and use rights to the tech-
nology. The pilot investigated the use of electrical 
heating to create interwell communications in the 
McMurray at a depth of about 500 meters. Steam 
drive operations were to follow the communications 
development phase. The reservoir was successfully 
heated but the technology did not translate into an 
economic process. 

Amoco currently operates the GLISP pilot with 
Petro-Canada and AOSTRA. Following the shut down 
of the previous Block I Air Combustion project, the 
GLISP pilot is a steam drive pilot at about 
190 meters depth. The wells in the inverted four 
spot pattern are linked by horizontal fracturing fol-
lowed by steam drive with additives. 

The Canterra (now Husky)-Tenneco- AOSTRA Kearl 
Lake pilot is a prototype scale plot involving two 
patterns of different configuration. The pilot has 
been in place for about eight years with operations 
In two patterns. The modified steam drive process 
involves creating communications between the wells 
by hydraulic fracturing followed by a unique com-
munications development sequence. The results of 
the pilot are said to be encouraging. The pilot has 
produced the most bitumen production of any in situ 
recovery operation in the Athabasca oil sands with 
over 120,000 cubic meters of production. 

Athena Grce neat Carbonate 

The Grosmont Carbonate contains vast reserves, says 
Yurko, with estimated bitumen in place of the same 
order of magnitude as the Athabasca oil sands. 
Only two pilot operations have been conducted to 
date in this vast resource. The largest pilot, the 
AOS'FRA-Unocal-Canadian Superior pilot at McLean 
and Buffalo Creek was operational over about a 
decade but was suspended last year because of 
economic pressure and mixed recovery results. The 
AOSTRA-Chevron-Canadian Occidental Operation was a 
single well, single steam cycle pilot at Alger. One 
of the significant problems in pilot operation in the 
Grosmont is the isolated nature of the area. There 
is no road, so the access is by air in the summer 
and winter road during the cold weather. 

The future thrust of experimentation in the Grosmont 
is under review because of the high costs involved. 
Yurko indicates that AORA is giving serious con-
sideration to the concept of a consortium and has 
discussed the concept with individual companies. 

Produced Water Recycle 

Thermal in situ recovery operations which use steam 
require an average of four to six cubic meters of 
steam as cold water equivalent to recover one cubic 
meter of bitumen. Thus, says Yurko, the availability 
of water to use for steam raising is a matter which 
becomes of high priority as the scale of in situ 
recovery grows.	 In order to reduce the require-

ments for fresh water, the water produced with the 
in situ recovered bitumen or heavy oil is recycled 
to the steam generator. However, mineral and or-
ganic contents In the produced water make its use 
in a steam boiler expensive. 

AOSTRA and Shell Canada Limited operate a small 
steam generator on water coproduced with bitumen 
at the Peace River in situ bitumen recovery opera-
tion. 

Water produced from the Blairmore zone in the 
Lindbergh area presents a special problem due to its 
high concentration of total dissolved solids (TDS) for 
which there is not yet a feasible solution. A 
project to test the efficiency and operating charac-
teristics of a vapor compression evaporator for TUS 
removal Is funded by AOSTRA and Environment 
Canada, with five industrial participants (Murphy, 
Dome, Westmin, Amoco and PanCanadlan). 

Uadergrcmnd Test Facility 

Building on the history of mine-assisted in situ 
recovery methods tested in the Soviet Union, 
Romania, United States and elsewhere, AOSTRA has 
designed and constructed the Underground Test 
Facility or UTF near Fort McMurray, Alberta in the 
Athabasca oil sands. AOSTRA is the operator of the 
project and the oil sands lease holder. 

Figure 1 is an artist's interpretation of the IJTF 
pilot. Twin shafts each three meters in diameter 
have been sunk to a depth of 213 meters. A net-
work of about one kilometer of tunnels has been 
driven from the shafts into the Devonian limestone 
underlying the McMurray oil sand formation. 
Horizontal wells have been drilled from the tunnels 
up into the oil sands for steam recovery of bitumen. 
There are two separate and distinct processes being 
tested at the UTF in this first phase of operation. 
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One process is the gravity drainage steam chamber 
process which effects injection and production 
through closely spaced horizontal wells above and 
below each other. The process uses continuous In-
jection of steam through the upper horizontal well 
and continuous production from the lower well. The 
second process is Chevron's HASDrive process. The 
well setup for the HASDrlve test is a vertical steam 
injector close to a horizontal HASDrIve reservoir 
heating well drilled from the mine with a short 
horizontal producer placed from the mine. The 
steam injected through the vertical well drives the 
heated bitumen along the reservoir path heated by 
the horizontal heating well to production at the 
horizontal producer. Thus, a gravity drainage 
process and a steam drive process are being tested 
side by side. 

Initial operations indicate that the program will be 
successful in meeting or exceeding the production 
targets. AOSTRA has invited industry to become 
equity participants in the UTF project and to date 
Amoco, Chevron, Mobil, Petro-Canada, Shell and 
Texaco have joined. 

AOSTRA Taciuk Procena 

Two commercial surface mining operations for the 
recovery of bitumen are operating near Fort McMur-
ray in the Athabasca oil sands. In these operations 
the oil sands are surface mined and the bitumen 
removed from the oil sand by a water washing and 
bitumen flotation process called the Hot Water 
Process. The process was developed by Dr. Clark of 
the Alberta Research Council in 1923. The hot 
water method, while efficient, results in large tail-
ings ponds with clay/water sludge. The environmen-
tal consequences of these clay/water tailing ponds 
are substantial.	 New environmentally acceptable 
technologies are a high priority matter, says Yurto. 

AOSTRA with UMATAC industrial Processes have 
developed the AOSTRA Taciuk Direct Thermal Proces-
sor for direct retorting of the mined oil sands which 
simultaneously extracts and upgrades bitumen produc-
ing a bottomless cracked oil and dry tailings thereby 
avoiding the clay/water sludge problem. 

A five tonne per hour continuous flow pilot plant 
was constructed in 1977 in Calgary, Alberta. Over 
12,000 tonnes of oil sands, 1,600 tonnes of oil 
shales, and 300 tonnes of hydrocarbon waste 
material, have been successfully processed in the 
pilot plant. 

AOSTRA's principal objective is to have a prototype 
scale AOSTRA Taciuk Processor constructed at Fort 
McMurray for extended demonstration on processing 
of mined Athabasca oil sands. The AOSTRA Taciuk 
Processor may prove to be an economic alternative 
to the hot water process without the environmental 
problem of large tailings ponds.

Solvent Separation Procses 

Two solvent based bitumen separation processes have 
been tested for improved recovery from lower grade 
sands and reduced tailing disposal problems. 

AOSTRA, Shell Canada Limited and Solv-Ex Corpora-
tion have participated In a project to test the per-
formance of the Solv-Ex Process for the extraction 
of bitumen from mined oil sands and to determine 
capital and operating costs for the construction and 
operation of a demonstration plant in the Athabasca 
deposit.	 The Solv-Ex Process is essentially a 
solvent-assisted hot water extraction process. This 
project has been completed and Solv-Ex is consider-
ing plans for commercial implementation. 

AOSTRA and the National Research Council (NRC) are 
participating with Terra Energy Ltd. in preparing a 
cost estimate for a demonstration plant to test the 
Solvent Extraction - Spherical Agglomeration (SESA) 
Process for the extraction of bitumen from mined 
Athabasca oil sands. The SESA process involves con-
tacting mined oil sands 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. 
The SESA Process offers the possibility of disposing 
of the solids discharged from the process without 
the need for tailings ponds. 

Upgrading and Trmpttatirm 

In	 order for	 promising	 new	 bitumen	 upgrading 
processes to	 be	 considered	 for	 large	 scale	 applica-
tion,	 the processes most be demonstrated in a large 
pilot	 scale	 operation.	 From	 AOSTRA's	 work	 with 
twelve	 oil	 industry	 partners	 in	 the	 Heavy	 Oil 
Upgrading Study,	 several	 promising	 upgrading 
processes were	 identified.	 AOSTRA	 has	 funded 
demonstration scale testing of some of the promising 
processes. The	 pilot	 or	 demonstration	 scale 
processes which AOSTRA has supported are the Gulf 
ORB process,	 the 11-Oil process,	 Veba Combi Crack-
ing,	 the HSC-ROSE	 process,	 and	 residue	 utilization 
processes.

Gulf DRU Process 

The DRB process utilizes thermal cracking of bitumen 
and liquid phase hydrogenation using a process-
derived donor solvent. Molecular fragments cracked 
off bitumen molecules enter into the hydrogen equi-
librium relationship between tetralin and naphthalene 
type molecules in the donor. The net effect is to 
hydrogenate bitumen fragments with hydrogen from 
the donor.	 To demonstrate the process in semi-
commercial scale equipment,	 a test refinery in 
France built by ASVAIIL was used. ASVAHL Is an 
acronym for the Association for Heavy Oil Upgrading. 
Two thousand cubic meters of diluted Athabasca 
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bitumen were shipped to France for a test which
	 USC-ROSE Process 

confirmed the basic process.	 Further design 
development is required on the reactor.	 The USC/ROSE process Is one of the latest heavy oil 

upgrading technologies based on carbon rejection. It 
H-Oil High Conversion Demoittratlon	 Is a combination of two different carbon rejection 

processes--the USC (high conversion Soaker Cracker) 
A second major process demonstration program which

	 process, a moderate thermal cracking process, and 
AOSTRA supported is the "H-Oil High Conversion

	 the ROSE (Residuum Oil Super Critical Extraction) 
Demonstration."	 Nfl's H-Oil process is an ebullated

	 process, a deep solvent deasphalting of the thermal 
bed hydrocracking process which has been commer- 	 cracker residue. AOSTRA and Toyo Engineering Cor-
cially applied for many years around the world.	 poration (TEC), Japan, tested the HSC-ROSE process 
However, the process had not been demonstrated at

	 for production of syncrude from Cold Lake oil sand 
conversion levels over 85 percent. 	 To demonstrate	 bitumen. The HSC-ROSE residue was then tested for 
that high conversion operation Is feasible with Al- 	 combustion by Misubishi Heavy Industries Ltd. 	 TEC 
berta feedstocks, AOSTRA sponsored a six week test

	 directed and coordinated the test program and per-
on Cord Lake bitumen in a five cubic meters per

	 formed an engineering study for a 3,000 cubic 
day process development unit in Lawrenceville, New	 meters per day commercial plant. 
Jersey.

Upgrrnr Residue Utilization 
Vt Combi Cmcklng

AOSTRA has worked jointly with nine oil industry 
The Veba Combi Cracking (VCC) technology is a high

	 companies since 1983 on a multi-phase project on 
conversion hydrocracking process which integrates the 	 the utilization of bitumen upgrading residue.	 Con-
primary hydrocracking in a liquid phase reactor with

	 ventional combustion (with flue gas desulfurization) 
the secondary hydrotreating in a gas phase reactor. 	 and circulating fluidized bed combustion were iden-
Sixteen hundred cubic meters of Athena Cold Lake 	 tified as the most promising techniques. A series of 
bitumen were shipped to Gelsenkirchen, West Germany 	 combustion tests were successfully completed by 
and the VCC pilot plant operated for a 21 day

	 CANMET at the Combustion and Carbonization 
steady state period with a target conversion of

	
Research Laboratory near Ottawa, Ontario, Canada 

94 weight percent and 105 percent liquid volume 	 and by the Energy Environmental Research Corpora-
yield.	 The process was subsequently demonstrated

	 tion in California. 
with Athabasca bitumen vacuum residue.
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GOVERNMENT 

ALBERTA MAY SELL INTEREST IN SYNCRUDE PLANT 

The	 government	 of	 Alberta	 may	 sell	 Its
16.74 percent interest In the Syncrude oil sands 
plant. Premier Don Getty says the current outlook 
for stable oil prices justifies considering a sale, 
noting that Alberta is more interested in starting up 
plants than in owning them and has pledged 
$1 billion to the OSLO oil sands project. 

Premier Getty brought up the possibility of the sale 
to members of a government committee reviewing 
the performance of the province's Heritage Savings 
Trust Fund. His comments were in response to a 
question from the committee asking if the govern-
ment would drop commitments to other large projects 
In order to decrease the provincial budget deficit. 

ALBERTA ]ENERGY MINISTER OPTIMISTIC ON UPTURN 
FOR HEAVY CU. AND OIL SANDS 

In a September speech to the Canadian Heavy Oil 
Association, Alberta's Minister of Energy, R. Orman, 
expressed guarded optimism about a recovery in the 
Canadian heavy oil Industry. Highlights from his ad-
dress follow. 

Alberta as a Cnzth Oil Producer 

In Alberta lately the focus has been shifting more 
toward natural gas. That is understandable --Alberta 
Is a gas prone province, with considerable shut in 
gas reserves, and even greater potential gas 
resources. There Is a growing market opportunity as 
demand grows, as United States natural gas supply 
fails to keep step, and as environmental pressures 
accentuate the attractiveness of natural gas. 

Despite environmental concerns, oil Is going to con-
tinue to play a significant role in meeting North 
American energy needs. Declining conventional crude 
oil production complicates the challenge in meeting 
those needs in the coming decades. 

Alberta will continue to be a major North American 
crude oil supplier--perhaps even more significantly in 
the future given the decline in other North American 
producing regions. In Alberta conventional explora-
tion and production will continue to be important to 
Alberta crude oil supply and to the Alberta economy. 
In addition, the provincial strategy has been to en-
courage development of the heavy oil and oil sands 
resources--and to promote upgrading in Alberta. 

Athena Crude On Production 

Currently,	 Alberta crude production is about 
1.4 million barrels per day.	 Approximately 
40 percent Is exported.	 Of these exports

44 percent is conventional light and medium crude, 
50 percent Is heavy oil and bitumen; a further six 
percent is synthetic crude oil from oil sands 
development. Thus over 56 percent of exports come 
from heavy oil and oil sands development, and that 
figure will grow. 

Conventional light and medium production has 
declined from a peak of 1.4 million barrels per day 
in 1973 to approximately 850,000 barrels per day in 
1988-89. 

The decline has not been as pronounced nor as con-
tinuous as originally forecast. But conventional 
production will continue a slight decline Into the 
1990s. 

The outlook for Athena supply depends on Industry 
activity in a number of areas--conventional oil ex-
ploration and production;	 and particularly heavy 
oil/oil sand in situ production, development of 
upgrading facilities and further development of in-
tegrated oil sands mining projects. 

Increasingly, conventional oil in Alberta will be dis-
covered in relatively smaller pools. This has 

resulted in some change in perspective, particularly 
among the major companies in Alberta. 

Major companies are starting to go further and fur-
ther afield to track "elephants" in unexplored areas. 
This leaves the opportunities in Alberta to be seized 
by the smaller and intermediate oil companies. 

The majors need large discoveries --largeadditions to 
reserves and to production--to maintain their 
capacity. It is for that reason that the large firms 
Initially became involved In heavy oil and oil sands 
development. There Is no exploration risk; and the 
potential for substantial production without the 
dramatic production decline curve of conventional 
pools. 

State of the Industry 

Low prices, price instability and other factors have 
taken a toll on the heavy oil Industry. For some 
projects--like Cold Lake--facilities under construction 
were completed, but not started up. Other com-
panies, like BP have been involved for some time, 
but are now looking to pursue other frontiers. 
Other projects have been delayed. 

The result is that Canadian heavy oil production Is 
forecast to decline in the fourth quarter. Coupled 
with increased domestic demand, heavy crude oil ex-
ports could be reduced by as much as seven per-
cent. The forecasts of a couple of years ago, 
which anticipated shortfalls in pipeline capacity and 
diluent, have been sharply cut back. 

Activity levels in the heavy oil and in situ oil sands 
sector, as in the rest of the oil and gas industry, 
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have been very low. The whole Industry has been 
hit by a number of factors--low initial budgets, high 
Interest rates, high Interest in takeovers and ac-
quisitions. 

Last year, when industry established its budgets for 
this year, prices were depressed--light prices well 
below $15, and bitumen prices down to single digits. 
The outlook was for continued Instability. Moreover, 
last year's high activity levels, coupled with last 
year's lower prices depressed industry cash flows-- 
loweringthe capacity to invest as well as the will-
ingness to risk even lower prices. 

High Canadian interest rates have a double Impact 
on Alberta's energy industry. First, the high Interest 
rates cut Into cash flow and restrict money avail-
able for Investment. For companies with higher debt 
levels, this Is a particularly significant problem. 

Second, high Interest rates are largely responsible 
for the high Canadian dollar which reduces the value 
of crude oil in Canadian dollar terms. 

The recent spate of mergers has also hurt activity. 
Companies are finding It cheaper to buy oil reserves 
than to do grass roots exploration and development. 
Dollars have been diverted from the field into ac-
quisitions. In turn, acquisitions have increased debt 
loads and, with high interest rates, further reduced 
the cash flows available for exploration. 

Market Opportunity 

In this environment, It Is not surprising that activity 
In the heavy oil sector has been constrained; none-
theless, Orman says he remains confident that heavy 
oil and oil sands development continues to make 
sense both as an objective for government and as a 
business strategy. 

His reasons for this confidence relate to outlook--
for International oil prices and for North American 
crude supply and demand. 

Since last December, prices have strengthened. Cur- 
rent bitumen prices are the highest they have been 
in nearly two years. 

Over the next three to five years and beyond, Or-
man expects even stronger and more stable prices. 
With Increasing world oil demand, and an Increasing 
call on OPEC crude, OPEC surplus capacity will in-
creasingly be concentrated In a few OPEC countries. 
During a recent meeting the Secretary General of 
OPEC referred to OPEC policy of producing to match 
demand--maintaining stable prices around the target 
level. One can therefore reasonably expect to at-
tain $20 oil over the next few years with some 
modest price growth as the nineties continue. This 
gives reason for optimism for stronger heavy oil and 
oil sand development. 

The other reason Is the North American supply-
demand balance. United States crude production is 
continuing to decline, while demand Is growing. 
United States oil Imports exceeded 50 percent of

petroleum requirements for the first	 time in
12 years this July. 

Not too long ago, there were speculations that the 
United States midwest market was nearing saturation 
levels for heavy oil, and that Athena producers 
would have to look elsewhere to sell any incremen-
tal production. More recently there are indications 
that this primary market is not full, that it can ac-
cept additional production and, moreover, is looking 
to establish secure crude supply sources. 

Rouree Opportunitim and Constraints 

Heavy oil and oil sands represent an enormous 
resource--a resource that is, for the most part, pre-
dictable, certain, long term and, of course, costly. 
One does not have to discount for success ratios--
the deposit is well defined. One does have to dis-
count for recovery efficiency, and injection costs-- 
but the record has been for recoveries exceeding 
projections. Technological development, stimulated by 
AOSTRA, offers the possibility of still greater 
recovery efficiencies. 

The size of the resource Is not the problem. The 
problems are the cost and the value of the resource 
once produced. 

The Alberta government has gone as far as It can, 
says Orman, in providing an attractive fiscal regime 
to help encourage development of in situ projects. 
The approach has been to lower the fiscal burden at 
the front end of the project to nominal levels, to 
increase the royalty slowly, keeping it still nominal 
until project payout. This approach does not burden 
the project, it encourages companies to proceed. 
Crown royalty sharing is essentially delayed until the 
project is profitable. 

The major long-term market niche for oil is In the 
form of transportation fuels. Upgrading investment, 
however, has not responded to tightening light 
product markets. 

The focus in Alberta has been on expanding upgrad-
ing capacity to Increase the value of the resource; 
to facilitate transportation; to enhance attractiveness 
as refinery feedstock. Upgrading increases the 
proportion of the exported barrel available as light 
or white product. That was one of the reasons for 
the province's involvement in the Lloydminster 
upgrader. That is the reason why the province is 
continuing to examine upgrader proposals with a 
number of companies--to consider the feasibility of 
a regional upgrader. 

&.vira,mentai Imes 

Growing concern about the environment, particularly 
about greenhouse gas emissions, is going to challenge 
the hydrocarbon fuels Industries. 

Last	 year	 the conference on the changing environ-
ment	 recommended a	 20 percent reduction	 in	 1988 
carbon dioxide emission	 levels by 2005.	 Taking into 
account	 growth In energy consumption, 	 this	 amounts
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to almost a 50 percent cut from forecast levels of 
2005. 

Canadian energy ministers struck a task force on the 
issue. They	 discussed	 the task	 force report 
recently. They will be meeting again In six months 
to review individual progress on the issue and try to 
develop a common approach to the problem.

The issue is an Important one for the hydrocarbon 
industries--particularly coal and oil. These energy 
sources will continue to have a major role in meet-
ing energy needs, but there will have to be greater 
efficiencies of use, greater efforts at conservation. 

Athena's Oil Supply Policy 

heavy oil or bitumen royalty 
high cost nature of the 

he investment decision to 
the market. Those decisions 
tare, looking beyond the im-

the market to the longer,

The Increasing role of smaller and intermediate oil 
companies in the conventional oil industry offers the 
prospect of smaller scale investment opportunities. 
The development of heavy oil projects and of con-
sortia for oil sands plants and upgraders offers the 
opportunity for larger investments with greater and 
longer term potential. 

What is needed is the confidence that prices will 
remain sufficiently strong, and sufficiently stable, to 
encourage continued development. Oil market 
developments this year should help to provide some 
reassurance that the time is ripe to recommence 
commissioning facilities and developing projects. As 
prices continue to be relatively strong and stable, 
Orman believes this reassurance will grow into con-
fidence which will lead to not Just planning, but 
strategic actions which will let companies, industry 
and Alberta, to participate in emerging market op-
portunities. 

Orman says the current 
regime recognizes the 
resource and allows 
depend on evaluation of 
must be strategic in ni 
mediate uncertainties o 
structural opportunities.
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ENERGY POLICY AND FORECASTS 

CERI PREDICTS RISING OIL IMPORTS FOR CANADA 

A study by the Canadian Energy Research Institute 
says that imports of light crude oil into Canada are 
likely to rise sharply to nearly one million barrels 
per day by the year 2003. Quebec and Ontario 
might become dependent on Imports for from 
65-70 percent of their light oil requirements during 
the second half of the 1990s. 

CERI recommended that the federal and provincial 
governments promote more intensive and extensive 
development of the western sedimentary basin by 
creating incentives for production of less costly 
sources of crude before more expensive sources. 
CERI also recommended that: 

- The focus of nonconventional oil production 
should be on extraction and upgrading of 
western Canada's bitumen and oil sands 
resources. 

- Research Into bi umen and oil sands 
extraction/upgrading should focus on tech-
nologies with smaller, incremental capital re-
quirements In order to diminish project risk 
associated with volatile world oil prices. 

- Development opportunities in the Beaufort Sea 
region should be studied with the goal of 
determining the optimal Investment and 
development strategy. 

CERI's analysis (Figure 1) shows a decline in conven-
tional light and heavy crude production throughout

the forecast period. Conventional light oil accounts 
for only 35 percent of domestic oil production in 
2000, compared with 63 percent in 1988. 

The production drop is not as severe in Canada as 
In the United States, but the decline in average 
pool size and reserve additions In western Canada 
will place increased emphasis on imports to meet 
demand. 

Synthetic crude production from integrated, mined oil 
sands plants and bitumen production from in situ 
projects will begin to pick up after 2000. 

The onset of frontier production, likely to begin In 
about 2004, will reduce imports to about 
270,000 barrels per day by 2008 (Figure 1). 

Oil price expectations were critical to the 1088 
federal policy decision to speed development of 
Canada's non-conventional and frontier oil resources, 
and CERI says the cost of an incorrect forecast 
could be substantial. 

If the projects are accelerated in anticipation of 
higher prices, and oil prices do not rise as ex-
pected, Canada risks losing a substantial portion of 
the capital investment. 

The	 CERI	 study	 considered	 In	 detail	 three
megaprojects that represent significant oil supply 
potential: the Hibernia field off Newfoundland, the 
$4 billion OSLO integrated, mined oil sands plant, 
and the heavy oil/bitumen upgrader under construc-
tion at Lloydminster. 

FIGURE 1 

CERI PROJECTION FOR CANADIAN OIL PRODUCTION 
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possibility of non-petroleum alternatives such as 
biomass fuels, solar and wind energy, etc. 

The CERI analysis suggests the projects are likely to 
go on stream years later than the proposed financing 
agreements would suggest. 

When conditions are a 12 percent required real rate 
of return, no government support, and an assumption 
that the projects would not be Initiated until crude 
prices justify development, the CERI finds that OSLO 
will start up in 2010 versus 1996 in the agreement, 
Hibernia in 2006 versus 1994, and the Lloydminster 
upgrader in 1098 versus 1993. 

The study estimates production costs at $11-14 per 
barrel for bitumen from existing projects and 
$19.50 per barrel for a mined oil sands plant. 

CERi estimates OSLO'S required prices to be 
$17.73 per barrel to break even and $35.47 per bar-
rel for a 12 percent return. It estimates production 
costs at $20.50 per barrel in the Beaufort Sea and 
$21.20 per barrel from Hibernia. 

Royalty reductions and selective tax incentives could 
be used to stimulate heavy oil upgrading, enhanced 
recovery, and more exploration in western Canada, 
said CERI. 

OUTLOOK FOR TAR SANDS AND HEAVY CRUDES 
CLOUDED BY NEW ENVIRONMENTAL CONCERNS 

Writing in a guest editorial in the Heavy 
T. Lundberg notes the new uncertainties that are 
appearing in the outlook for tar sands and heavy 
etudes. She notes that their developmental impetus 
has been arrested to a serious degree by post-1985 
lower oil prices. Previous to that time, she says, 
heavy crudes and tar sands, were boosted by Inter-
national attention to a position of attractive poten-
tial.	 However, that potential was developed only 
minimally.	 The international boosts came in two
ways: 

- The international boosts came from higher 
crude oil prices of the 1970s. $40 per bar-
rel oil brought on all manner of excitement 
for expansion and development of petroleum 
resource bases, including some of the most 
difficult non-conventional petroleum. 

- Boosts came from the political response to 
those crude oil prices, inspired by fear that 
a Third Oil Price Shock was just around the 
corner and that exporting countries might 
withhold supplies or price them prohibitively 
high.	 Such political response included 
protectionism, incentives for domestic oil 
development, and a wide variety of conserva-
tion and alternative fuel programs. 

Thus, the early 1980s attention to heavy crudes and 
tar sands was conditional upon the maintenance of 
high oil prices. The early 1980s also burdened 
heavy crude and tar sands development with the

Heavy crudes and tar sands lost their impetus when 
they lost the high oil prices. 

Fear of Petroleum Plenty 

Lundberg says it is ironic that the non-petroleum al-
ternatives, are now making tremendous political 
headway, whereas heavy crudes have been relegated 
to a tag-along position. It is now politics, not high 
prices, which are promoting changes In energy use. 

For many consumers, the 1986 price crash was 
viewed as a "Trojan Horse," a dangerous seduction 
that would lead to a repeat of the 1970s. 

But there is one newly powerful factor In energy 
polities today that was not dominant in the 1970s: 
the protection of the environment. 

iviruunent Protection Eaters the Mainstream 

According to Lundberg, environmental protection is 
the new decisive element in the future of heavy 
crudes and tar sands. The reason is the conviction 
that some alternatives will be cleaner than 
petroleum, and the knowledge that heavy crude and 
tar sands are dirtier than conventional petroleum. 

Just how the building interest among policy-makers 
in clean non-petroleum alternatives will impact heavy 
crudes cannot be known yet. But she speculates 
about some questions, such as: 

- Which is the stronger response to the 1986 
price crash: favorable consumer benefits, or 
fear of import dependency? 

- Is it premature to Judge the new alternative 
fuels as generally more environmentally 
benign than crude oil and its derivatives? 

- Funds for development of non-crude oil 
energy sources: who will pay? 

- The technology of heavy crude and tar sands 
has advanced dramatically in the past ten 
years, but that for non-petroleum alternatives 
remains comparatively undeveloped. Would a 
failure in the latter translate to a need for 
heavy crude and tar sands? 

- Is it feasible to bring on non-petroleum al-
ternative fuels in volumes great enough as to 
avoid heavy crude and tar sands as a major 
solution? 

- Is there a danger of surplus zeal on the 
part of special interest alternative fuels 
proponents? 

The Bridge--But When? 

Lundberg believes that neither industry nor govern-
ment can promise a reduced reliance on crude oil 
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without using heavy crude and tar sands as the 
bridge. 

She says that heavy and synthetic crudes must and 
will be the bridge to non-crude energy use because 
of their proved abundance, compatibility with all 
facets of existing structure, and technology-enhanced 
economics that compete well with costs of alterna-
tives. 

Her question, though, is this: Will heavy crudes and 
tar sands be the bridge toward alternative fuels 
before, or after, experiments with alternatives pave 
the way. 

If the bridge comes after governments and companies 
forge ahead into the unknown, It may take several 
years for problems related to supply, environmental 
well-being, government subsidies, and others, to be 
properly identified. in that case, Lundberg voices 
concern about the consequences to consumers, and to 
nations' energy supply security. inadequate supplies 
of the new alternative fuels could conceivably coin-
cide with depleted or otherwise Insufficient supplies 
of conventional crude, leaving an energy supply gap. 
Even it a brilliant start is made In bringing alterna-
tive supplies to market through deep subsidies, a 
drop in available funds could result in a supply 
cutoff. internal market strife would be every bit as 
serious as If an outside force, such as an exporting 
country or company, curtailed supplies.

If the heavy crude and tar sands bridge, however, 
were to be constructed before gigantic financial and 
social investments are made In non-crude oil alter-
natives, then the proving ground for alternatives 
could proceed a safe distance from the market until 
Its results were deemed good. Meanwhile, non-
conventional oil would increase its share of the 
world oil market in a natural way as conventional 
supplies drew down and higher oil prices made heavy 
crude and tar sands more and more economic. If 
non-conventional crudes are to make their bridge 
contribution in time for the earths environmental 
protection needs, then some new incentives must be 
provided. 

Global warming, air and water pollution, and other 
environmental problems should be viewed with global 
urgency,	 but from a position of strength: 	 In 
knowledge,	 experience,	 expert coordination --and
against a backdrop of energy supply security. 

Promotion of heavy crudes and tar sands on national 
and international scales would provide the energy 
supply security needed as a bridge to the future's 
mix of petroleum and non-petroleum energy use, says 
Lundberg. 
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ECONOMICS 

WIDE VARIATIONS IN PRODUCTION COSTS FOUND FOR 
IN SITU BITUMEN PROJECTS 

Economic analyses carried out at the Alberta 
Research Council (ARC) have shown a large variation 
in the estimated costs of production for different in 
situ bitumen production schemes. Some of their 
results were discussed at the 40th Annual Technical 
Meeting of the Petroleum Society of CIM held in 
Banff, Alberta, Canada in May. The researchers 
state that there have been various degrees of suc-
cess in applying thermal recovery methods to 
Alberta's bitumen deposits--good results are reported 
in Cold Lake (Ewe) and Peace River (Shell) while 
others are not that encouraging, especially in 
Athabasca. Even so, in the past five years, bitumen 
production has increased sixfold from less than 
3,400 cubic meters per day in 1983 to about 
20,000 cubic meters per day in 1988. In the early 
years the production came largely from sizable pilot-
ing activity. In 1988, there were six commercial 
projects and 22 bitumen pilot projects operating in 
Alberta. Most of these projects were started during 
the 83-85 era. Market opportunity, improved fiscal 
regimes and the high oil price prior to 1086 allowed 
this aggressive development. 

Since the precipitous price drop in 1986, 	 the
prevailing low oil price has put most new bitumen 
projects on hold. Bitumen industry survival during 
continuing oil price uncertainty will to a large ex-
tent depend on the development of improved tech-
nologies and enhanced cost effectiveness. The ARC 
work analyzes the cost of bitumen production and 
uses a simplified Oil Steam Ratio (0511) model to 
evaluate a number of potential production strategies. 
A Liquid Fuel Model (AFLO1), developed at the ARC 
was used to examine how, over the next forty 
years, different oil price scenarios and improved 
technologies could Impact bitumen production. 

Current In Situ Commercial Technologies 

At normal reservoir temperature, bitumen is totally 
immobile. Mobilization of bitumen through the ap-
plication of heat requires efficient convection and 
conduction of hot fluid into the formation. This in-
volves a good distribution of heating sources and an 
increase of contact areas between the injected hot 
fluids and the reservoir. A number of approaches 
have been taken to achieve more efficient heat 
penetration and bitumen recovery, including steam 
stimulation, steam drive and combustion drive. The 
technologies which have been successfully imple-
mented on a commercial scale in Alberta are steam 
stimulation in the Cold Lake and Lindbergh areas and 
pressure cycle steam drive in the Peace River area.

Steam	 stimulation	 or	 huff 'n	 puff Is	 a	 one	 well 
process. It	 involves	 the	 Injection of	 steam into a 
well and then producing the well after allowing the 
heat	 to dissipate	 for	 some time. This	 cycle	 is

repeated until operating costs exceed the value of 
the produced oil. 

Steam drive is a multi-well process. Steam Is con-
tinuously injected through a pattern of injection 
wells to reduce viscosity of the oil and provide a 
driving force which moves mobile oil and water from 
the heated zones to the producing wells. 

A major obstacle to applying steam drive to 
Alberta's oil sands is the lack of native injectivity 
in the oil zones, as this restricts heating interwdll 
regions. For very viscous oil, the presence of thin 
bottom water zones may help Injecting steam, where 
it would normally be difficult without parting the 
formation.	 Preheating the overlying oil zone in this
manner can lead to a successful steam drive as in 
the case of the Shell Peace River project. Total 
recovery of oil in place is much higher than steam 
stimulation; recoveries of 55 percent of the oil in 
place have been reported. 

In summary, some Cold Lake reservoirs respond well 
to cyclic steam stimulation and substantial production 
is being achieved at Esso's operation. Shell's pres-
sure cycle steam drive has been successfully applied 
in the Cadotte Lake area of Peace River. To date 
no in situ technology has emerged that could 
economically exploit the Athabasca deposit, Alberta's 
largest oil sands resource. The higher viscosity of 
the bitumen in Athabasca and the lack of formation 
energy, combined with the most complex geology of 
all the deposits, have so far resulted in limited suc-
cess at the field pilot stage. 

Bitumen Supply Price 

To assess the potential of the bitumen production 
industry, ARC carried out an evaluation of the cur-
rent bitumen supply price. The term "supply price" 
has the same meaning as "ievellzed cost." A supply 
price is essentially the unit price in constant dol-
lars, required to earn a specified rate of return on 
a project. 

The ARC work examined a number of commercial 
projects, Esso Cold Lake, UP Wolf Lake, Amoco Elk 
Point and Shell Peace River and a hypothetical 
steam drive in Athabasca. The bitumen supply price 
estimate was based on various submissions to the Al-
berta Energy Resources Conservation Board (ERCB). 
The cost data in these submissions were adjusted to 
a 1988 basis, and the results tabulated In Table 1. 
The Athabasca case is based on ARC in-house cost 
estimates. 

As shown In Table 1, the supply price of bitumen, In 
1988 Canadian dollars at a 10 percent discount rate, 
ranges from $10.64 to $21.77 per barrel. At the 
lower end of the range are Esso Cold Lake and 
Shell Peace River bitumen. These two probably rep-
resent the best reservoirs in their respective 
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TAELE 1 

BITUMEN SUPPLY PRICE FOR REPRESENTATIVE IN 31W PROJECTS 
(1988 Canadian Dollars) 

Prod. Init. Specific Gas 
Capacity	 Capital Capital St'm Oil Consum. 

Project BPD W,1$ 5/SM Ratio MCF/BBL 

A 19,000 192 10,000 2.5 1.00 
B 7,000 120 17,000 5.8 2.27 
C 20,000 3.8 1.78 
D 40,000 570 14,000 4.0 1.52 
E 10,000 185 18,500 4.0 1.52 
F 15,000 249 17,000 8.5 3.22 

Capital Add. Oper. Gas Bitumen 
Charges Drilling Cost Cost Supply Price 

$/Bbl 5/SM 5/SM $/Bbl $/Bbl 

A 3.42 2.27 2.95 2.00 10.64 
B 5.50 6.63 3.83 4.54 20.50 
C 5.64 3.68 6.19 3.56 19.07 
D 4.87 1.48 3.60 3.04 12.98 
E 5.71 1.50 6.35 3.04 16.60 
F 5.03 2.14 8.16 6.44 21.77 

Cold Lake and Lindbergh: 
A	 (HC1) Esso Cold Lake - Huff	 'N Puff 
B	 (HC2) BP Wolf Lake - Huff 'N Puff 
C Amoco Lindbergh Elk Point - Primary + Huff	 'N Puff 

Peace River: 
0	 (SP1) Shell Peace River PREP Ii - Pressure Cycle Steam Drive 
E New Peace River - Pressure Cycle Steam Drive 

Athabasca: 
F Athabasca Hypothetical - Steam Drive

deposits. This range in the bitumen supply price Is 
due to a wide variation in terms of reservoir quality 
and response, even to similar recovery processes. 
One of the major risk factors associated with 
developing a bitumen project is the difficulty in ac-
curately predicting reservoir flow and production 
rates. 

The ARC analysis examined three commercial projects 
In some detallEsso Cold Lake (HC1), BP Wolf Lake 
(HC2) and Shell Peace River (SP1). 

As shown In Table 1, specific capital required for 
the three projects ranges from $10,000 to 
$18,500 per daily barrel, due to differences In 
process parameters, particularly steam-oil ratio and 
the number of initial wells drilled. Capital charges, 
at a discount rate of 10 percent, range from $3.50 
to $5.50 per barrel.	 However, as a percentage of
total supply price the capital charges are quite con-
sistent across projects. Of the initial capital cost, 
50-60 percent Is for drilling the initial wells, 
15-20 percent for steam generation, 15-20 percent

for treating produced water and the remaining 
10-15 percent for bitumen treating and offsites. 

Additional drilling to maintain production represents 
a significant component of the ongoing cost. For 
example, in BP Wolf Lake additional drilling con- 
tributes significantly ($6.63 per barrel) to the total 
supply price. 

Fuel is the largest component of the total operating 
cost.	 All these projects use natural gas for steam 
generation. With natural gas priced at $2.00 per 
thousand cubic feet, the fuel cost varies from 
$2.00 per barrel bitumen for HC1 to $4.54 per bar-
rel bitumen for 11C2. Operating costs for' the three 
projects, including additional drilling and fuel costs, 
range from $2.95 to $3.83 per barrel, mainly due to 
the different quantities of steam and produced water 
handled. 

Table 2 shows the percentage breakdown of the full 
cycle bitumen supply price for the three projects. 
Of the total cost, drilling and completion accounts 
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TABLE 2 

BDRAKIXW4 OF FULL CYCLE BITUMEN SUPPLY PRICE
FOR THREE COMMERCIAL PROJECTS 

1111 HC2 SP1 

Drilling/Completions 4596 49% 41% 
Steam Raising 16% 16% 14% 
Fuel 19% 22% 23% 
Produced Water Treating 12% 9% 1496 
Bitumen Treating and Offsites 8% 4% 8% 

Total 100% 100% 100% 

for 41-49 percent; steam raising (including fuel) 
35-38 percent; produced water treating 9-14 percent; 
bitumen treating and offsites the remaining four to 
eight percent. Therefore, the two major costa in 
the production of bitumen are (a) drilling and 
completion and (b) fuel cost. Reduction of these 
costs through new technical advances will therefore 
have the largest impact on the bitumen supply price. 

Price Scenarios 

Volatility in light oil price is amplified, in percent-
age terms, in bitumen selling prices. For example, 
ARC computes that when Western Texas Intermediate 
(WT!) is at US$14 per barrel, and the light/heavy 
differential is US$4 per barrel, then due to quality 
differential, blending and transportation costs, 
bitumen would be selling at around C$5 per barrel. 
Any downward or upward movement of WTI price by 
U S$ 4 per barrel would cause the bitumen price to 
swing from near zero to C$10 per barrel. This kind 
of volatility is not encouraging to bitumen develop-
ment. 

To develop bitumen outlook scenarios, ARC considered 
five different oil price scenarios. First was the 
ERCB high price scenario published by ERCB. This 
price scenario would reflect an average real price 
increase of about four percent per year. The ERCB 
low oil price scenario has been postulated out of 
recognition of a prolonged weakness in oil prices. 
This would reflect a loss in the real value of oil by 
about one percent per year until 1995 and then a 
sharp rise in oil price of about seven percent per 
year for the next four to five years and then fol-
low a long term trend of about four percent hr 
crease per year. 

For the base price scenario, ARC adopted the 
Canadian Energy Research Institute base price 
scenario which reflects a real oil price increase of 
about 3.3 percent per year. This base price 
forecast is a "business as usual" scenario, with OPEC 
continuing to influence world markets in pursuit of 
global volume and real price gains. 

Bitumen Proitiction Profile 

In the reference case, ARC assumed there is no 
change in current bitumen technology and all

bitumen projects would require a 12 percent real 
rate of return. 

In the low oil price scenario, there is no incremen-
tal bitumen production until the turn of the century, 
when price recovers enough to justify further 
development. By 2008, bitumen production reaches 
49,000 cubic meters per day or about 2.5 times 1988 
level (Table 3). 

In the base price scenario, sizable bitumen produc-
tion begins to come on stream by early 1990s, and 
reaches 59,000 cubic meters per day by 2008 or 
about 3.5 times the 1988 level (Table 3). Production 
will primarily come from expansion in Cold Lake fol-
lowed by expansion in Peace River. 

TABLE 3 

AJSRPTA IN $110 B17$JMfl4 PRODUCTION 
FOR THE THREE OIL PRICE S1ARIOS 

(Thousand Cubic Meters Per Day) 

Base High Law 
Price Price Price 

1990 22 22 19 
1992 22 29 19 
1994 24 37 19 
1996 32 45 19 
1998 40 52 19 
2000 45 55 22 
2002 47 57 25 
2004 50 63 33 
2006 53 69 41 
2008 59 75 49

In the high price scenario, incremental production 
should begin in 1990. By 2008, bitumen production 
reaches 75,000 cubic meters per day or about 
3.9 times 1988 level (Table 3). Market access to 
the heavy oil blend market in the Minneapolis and 
Chicago regions would be saturated, and is fixed in 
the model at 65,000 cubic meters per thy. In the 
mid-90s, export would be constrained by a shortage 
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of diluent. By year 2000, Alberta bitumen would be 
expanding to the offshore market, though It would 
result In a lower netback. 

In all three scenarios expansion of Cold Lake and 
Peace River meets the market need and there is no 
commercial production from Athabasca. 

The reference case shows that with current technol-
ogy and 12 percent real rate of return, sizable 
bitumen production can be put in place when oil 
price recovers to about U S$ 22 per barrel level.

This is all possible because of the technological ad-
vances made through research and development and 
in field pilots during the 70s and early 80s. To ex-
pand the bitumen market and production further it 
will be necessary to continue research and develop-
ment of new technology to produce bitumen at com-
petitive prices. The challenge ahead Is even 
greater, says ARC, because the current unstable oil 
market is not conducive to investment in research to 
develop technology needed for the 1990s. 
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TECHNOLOGY 

KENTUCKY TAR SAND BITUMEN TTED IN 
COPROCESSING MODE 

The Kentucky Center for Applied Energy Research 
(CAER) told the Pittsburgh Coal Conference in Sep-
tember about recent experiments in coprocessing coal 
with Kentucky tar sands residuum. 

Coprocessing is the simultaneous reaction of coal and 
petroleum resid, or crude oil, with hydrogen to 
produce distillable liquids. The technology may 
rightly be considered a variation of direct liquefac-
tion, but its rapid development toward commercial 
readiness entitles it to consideration as a separate 
technology. It has only been within the last few 
years that serious consideration has been given to 
the process possibilities of hydrocracking petroleum 
resid while liquefying coal in the same reactors. 

The coprocessing approach Itself is not new: Ger-
many used this approach extensively during World 
War II to convert residues, coal and coal tars to 
transportation fuels, and usually they ran the feeds 
In admixture. The H-Coal pilot plant at Catletts-
burg, Kentucky operated in the coprocessing mode 
during startup. 

CAER says that coprocessing appears to have 
economic and processing advantages relative to 
either coal liquefaction or hydroprocessing of heavy 
petroleum residua. For example, coprocessing can 
provide a route to introduce coal liquids into com-
mercial refineries and the market place slowly and 
thus to gain their acceptance while replacing im-
ported oil with domestic resources. From the 
capital-cost standpoint, the addition of coal feed to 
an already existing hydroprocessing facility used for 
upgrading heavy maids would require considerably 
less investment cost than a grass-roots coal U-
quefaction plant. 	 In coal liquefaction the largest 
capital expense item is the reactor system. Since 
liquefaction uses recycle ratios of 1.5:1 to 3:1, re-
placement of recycle oil with an unrefined crude oil 
would increase reactor throughput of fresh coal feed 
by 2.5 to 4.0 times, thus reducing costs. Because 
petroleum residua are still hydrogen-rich materials 
(Il/C = 1.5) compared to coal (H/C = 0.8), the 
amount of hydrogen required in a combined process 
should be less than that required to produce the 
same quality products from a stand-alone coal 11-
quefaction facility. 

In turn, the upgrading of heavy petroleum resids 
could be improved via coproce.ssing. Coal liquids 
tend to be more aromatic than petroleum products. 
Thus, the octane number of the product gasoline 
from coproeesslag should be Improved by the 
presence of coal. In coprocessing the petroleum 
metals that cause catalyst deactivation (e.g., Ni, V) 
deposit on the coal solids, thus enhancing demetalla-
tion while possibly extending catalyst life. 
Coprocessing provides feedstock flexibility and is 
reported to be more economic at smaller scale than

liquefaction. A final important feature of 
coprocessing is the reported synergistic behavior of 
the two feedstocks such that the coprocessing 
product slate Is better than that expected from the 
simple sum of the two feedstocks alone. 

CUR Experiments 

At the Center for Applied Energy Research a pilot 
plant with a six foot by 2 inch inside diameter 
ebuliated bed reactor is available. The ebuliation Is 
effected by an external recycle loop; hydrogen and 
slurry are added to this recycle loop as it re-enters 
the reactor. 

The catalyst utilized in the run was a CoMo-alumina 
(American Cyanamid 1442A; from the same batch 
used at the Catlettsburg H-Coal plant). The unit 
was operated at 800°F and 1,750 psig total pressure. 
A space velocity of 1.0 (kilograms slurry per 
kilograms catalyst per hour) was maintained wit!: a 
slurry containing 25 weight percent moisture and ash 
free coal. The unit was operated for 00 hours (SO 
hours steady state) on bitumen only and then for 
84 hours (60 hours steady state) on a bitumen/coal 
feed. 

A western Kentucky tar sands bitumen was utilized. 
This	 sample	 consisted	 of	 80	 percent	 oils,
19.8 percent asphaltenes and 0.2 percent preasphal-
tenes.	 The bitumen contained 45.2 weight percent 
distillates (400-650 0 F, 31 weight percent, 651-9750F, 
69 weight percent. A western Kentucky 419 high 
volatile A bituminous (hvAb) coal was utilized. The 
coal analysis showed: ash, 9.5 percent; volatile mat-
ter, 43.7 percent; C, 83.2 percent; H, 5.7 percent; 
N, 1.83 percent; S, 3.4 percent and 0, 5.5 percent. 

Crocessing Rzlts 

The tar sands Initially consisted of 45 percent distil-
lates (< 975 0 F) and the hydroprocessing material 
contained 70 percent distillates (Figure 1). Thus, 
the processing was at a severity required for 
hydrocracking. Substituting coal for 30 percent of 
the bitumen had little impact upon the product 
yields; the naphtha yield was slightly higher In this 
case and the yield of heavier distillates was slightly 
lower (Table 1). The nondistillate was slightly 
higher in the case of the coal conversion. However, 
considering the conversion of nondistillates it was 
clear that essentially the same fraction of nondistil-
lates were convened to distillates in processing 
bitumen alone or coprocessing bitumen and coal. 

Heteroatom removal is an Important factor in 
producing a high quality product. Hydrodenitrogena-
tion (RUN) was 40 percent and hydrodesulfurization 
(HDS) was 70 percent; this is based upon the 
heteroatom content in the feed and its distribution 
In the products. Similar levels of HUN and HDS 
were obtained whether the feed was bitumen alone 
or a mixture of bitumen and cost. 
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In the coprocessing process, it Is desirable to deter-
mine in what proportion each feedstock component 
contributes to the product slate. The 
carbon 13/carbon 12 isotope ratios of the feedstocks 
and products were used to quantitatively determine 
the feedstock origin of the products during 
coprocessing. The results of these calculations are 
shown in Figure 2. The results show that the naph-
tha fraction, absent in the slurry feedstock, is 
primarily derived from the bitumen (89 weight 
percent). The coal derived naphtha represents only 
11 weight percent of the total naphtha produced. 
The majority of the coal-derived material is found in 
the > 975 0 F fraction,	 representing approximately
one-third of the total material. 

In summary, the lab results document the ability to 
operate a plant utilizing catalytic coprocessing of 
resid and coal. More Importantly, the addition of 
coal did not impact the overall product slate in 
either yield or quality to a significant extent. Ac-
cording to CAER, the results show that these two 
western Kentucky resources, located within a few 
miles of each other, can serve as suitable feed 
materials for this "new" process. 

TABLE 1 

HThXZSS LiE YIELDS 
(Weight Percent) 

Bitunnn Con-
Bitunun tribution to Difference 

Processing Co-Processing Co-Proces1lng (Coal 
RH124 R11196 Yields— Contribution) 

IBP-400°F 6.6 9.0 4.6 4.4 
400-650°F 27.9 26.4 19.5 6.9 
650-975°F 37.8 32.7 26.5 6.2 
>975°F 27.7 31.9 19.4 12.5

'Based on a 30 wt.% (rif) coal and 70 wt.% bitunEn slurry conposition. 
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CANMfl HYDROCRACKING PROCESS CON71N1JES TO 
ADVANCE 

CANMET Ilydrocracking Is a hydrocarbon upgrading 
process which was developed in the 1970s by the 
Canada Centre for Mineral and Energy Technology 
(CANMET), as a way to help develop Canada's heavy 
oil and oil sands reserves. 

The basic principle of the process is thermal crack-
ing in the presence of hydrogen and a disposable 
catalyst additive. Over 90 weight percent of the 
residue or pitch portion of a hydrocarbon feed can 
be converted to higher value naphtha, distillate and 
gas oil fractions. 

This Inherently simple process Is particularly effec-
tive when processing heavy feedstocks, with high 
residue or pitch content, such as Cold Lake or 
Athabasca bitumen. 

Petro-Canada acquired rights to the CANMET technol-
ogy in 1979 and in 1981 reached agreement with 
Lavalin Inc. to Jointly develop and commercialize the 
process. A commercial scale, 5,000 barrel per day 
demonstration plant was completed in 1986 and now 
operates as an integral part of Petro-Canada's 
Montreal refinery. Experience gained during the 
three years of operation of this plant has led to 
several improvements in the basic CANMET technol-
ogy, which were discussed at the 14th World Energy 
Conference in Montreal in September and at the Oc-

tober meeting of the Canadian Heavy Oil Association 
in Calgary. 

Process Description 

A schematic of the CANMET hydrocracker demonstra-
tion plant Is shown in Figure 1. 

FIGURE 1 
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The reactor operates at approximately 2,000 psig and 
840 0 F. Oil feed and recycle hydrogen gas are 
heated to reactor temperature in separate heaters. 
A small portion of the recycle gas stream and the 
required amount of additive are routed through the 
oil heater to prevent coking in the heater tubes. 
The outlets of both heaters are fed to the bottom 
of the reactor. 

The vertical reactor vessel is essentially free of in-
ternal equipment and operates in a three-phase 
mode. The solid additive particles are suspended In 
the primary liquid hydrocarbon phase through which 
the hydrogen and product gases flow rapidly In 
bubble form. The CANMET dual-role additive inhibits 
coke formation and assists in demetallization. It is 
used on a once-through basis, resulting in a simpler 
reactor system than those processes which require 
high cost catalyst recirculation and replacement. 
Additive and gas phase concentrations are controlled 
to achieve high conversion without coke lay-down. 
Products, spent additive, and recycle gas leave the 
reactor as a mixed vapor/liquid/solid phase. 

The exit stream from the reactor Is quenched with 
cold recycle gas to about 750 0 F. The mixture then 
passes through a sequence of vessels and exchangers 
In order to separate the recycle gas from the reac-
tor products and recover heat. 

Plant Perfamance 

The demonstration unit was designed to process 
vacuum tower bottoms (VTB) derived from heavy 
crude oil production at Cold Lake, Alberta, Canada. 
This feedstock has been successfully tested, as well 
as VTBs from a variety of crudes and crude blends, 
and the plant has been very flexible In processing 
these feedstocks, according to the process sponsors. 
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Product yields for Cold Lake VTB are shown in 
Table 1, and Table 2 gives product characteristics 
from Cold Lake 90 percent conversion. These are 
not finished products, and they normally would be 
hydrotreated to meet final product specifications. 

Three years of demonstration plant operation have 
provided extensive commercial-scale Information 
which could not have been obtained by pilot plant 
testing. incorporation of this experience greatly in-
creases the commercial attractiveness of the CANMET 
process, say the sponsors. Some examples of tech-
nological advances gained from the demonstration 
plant operation follow. 

Hydrodynamics 

The CANMET process utilizes a three-phase slurry 
reactor which is two meters Inside diameter by 
21 meters tall. Initial studies Identified poor mixing

and high gas holdup. 	 The process now offers
isothermal operation, good mixing and low gas hol-
dup. The risk in further scale-up is minimal be-
cause the most probable reactor size in future com-
mercial projects, as limited by vessel transportation 
and erection constraints, Is only three to five times 
larger than the demonstration plant reactor. 

Simplified Additive 

Over the past eighteen months, a superior single-
component additive was developed which can be 
prepared on a commercial scale In a single step. 

Incipient Coking Temperature 

In hydrocracking it Is advantageous to operate at 
the highest temperature possible consistent with long 
run lengths. In the CANMET hydrocracking 
demonstration plant a temperature barrier has been 

TABLE 1 

pwixrr YIELDS FROM CANMET IIThX]tA(KiM3 PROCESS 
FOR (XKD LAKE US

(at 90% Pitch Conversion) 

Yields, Vol.% of Feed 

Gases, Wt.% of Feed
C1 -C2 4.7 
C 3 2.3 
C4 1.9 

Naphtha (IBP-204 0C) 26.0 
Distillate	 (204-343 0C) 32.2 
Gas Oil	 (343-524 0C) 34.8 
Pitch (524°C+) 7.9 
Hydrogen Consumption, Wt.% 2.2 

TABLE 2 

CANMET HYDROCRACKING PROCESS PET PROPERTIES FN (rID LAKE VI'B 
(At 90% Pitch Conversion) 

Naphtha Distillate GasOil Pitch 

API Gravity 57.0 30.7 13.8 -13.5 
Specific Gravity 0 15 0C 0.7507 0.8722 0.9737 1.1995 
Carbon, Wt.% 85.3 85.3 86.5 89.6 
Hydrogen, Wt.% 14.1 12.0 10.0 4.4 
Sulfur, Wt.% 0.52 2.14 2.52 3.23 
Nitrogen, Wt.% 0.06 0.46 0.70 1.15 
Bromine No. 24.4 20.1 - - 
Conradson Carb. Res., Wt.% - - 1.74 58.2 
Asphaltenes, Wt.% - - 1.21 55.7 
Metal, ppn 

Nickel - - - 1338 
Vanadium - - - 3627
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Identified, called the incipient coking temperature 
(ICT). This depends on feedstock, additive con-
centration and reactor conditions. The demonstration 
plant has been operated at or below the IC? for 
long periods and significantly above the 1CT in con-
trolled tests.	 Technological advances in monitoring
and control ensured that these operations did not 
result in reactor wall coke,	 or deposits in
downstream equipment. 

Gas Distributor 

Reactor thermal stability is critical to the safe 
operation of any plant, and is achieved in the CAN-
MET process through good fluid distribution 
(backmixing) and effective temperature control. The 
proprietary feed/recycle gas distribution system at 
the reactor inlet Is a significant technological ad-
vance. 

Liquid Charger Heater 

At high conversions it becomes necessary to operate 
the oil charge heater outlet temperature above the 
normal coking temperature for VTB. By careful 
design and configuration of the heater tubes and by 
upstream injection of additive and a percentage of 
recycle gas, coking is successfully prevented. 

Summary 

The CANMET demonstration plant at the Montreal 
refinery has proven that the CANMEY process is a 
viable process for the upgrading of heavy oils and 
refinery residue. 

Criteria for design and operation of commercial units 
have been established and demonstrated. 

Process sponsors believe that the CANMET 
hydrocracker process could cut the cost of process-
lag bitumen from Alberta Cold Lake region by as 
much as C$5 per barrel. 

EQUIPMflC CHOICES DEFINED FOR SOLVENT 
EXTRACTION OF TAR SANDS 

At the 1989 Eastern Oil Shale Symposium held in 
November, a paper by W. Penney of The University 
of Arkansas Department of Chemical Engineering con-
cerned equipment choices for conventional solvent 
extraction of mined tar sands. Their paper might be 
useful as a sort of primer for someone interested in 
setting up a relatively small-scale solvent extraction 
system making use of as much off-the-shelf equip-
ment as possible. 

Penney says that extraction equipment for solvating 
bitumen from tar sands must satisfy certain process 
requirements, including: 

- Agitation of south to effect dissolution of 
interstitial bitumen and release individual 
grains of sand

- Wash the sand free of bitumen 

- isolate any fines from the solvated bitumen 
phase 

Many different processing schemes have been 
proposed for solvent extraction of bitumen and all 
of them in some fashion effect countercurrent flow 
of the solvent and sand. These schemes include: 

- A series of sloped vessels containing augers 

- A series of rod or ball mills 

- A countercurrent moving bed in a vertical 
vessel 

- A compartmented, agitated, vertical vessel 

- Rotary drum mixer followed by countercurrent 
washing of sand 

- A series of agitated vessels and screens 

- An agitated vessel followed by a countercur-
rent wash in a series of hydroclones 

Examples of these types of equipment are presented 
in the paper. 

Caitrol of Air Emlasimis 

For any hydrocarbon-based solvent extraction process, 
air emissions control will be a key consideration for 
design and operation of the facility. Fugitive emis-
sions from pipe flanges, rotating shaft seals, etc. 
can be handled with well-known techniques. 

However, the point source emissions as the tar sands 
feed enters the extraction system and as the clean, 
spent sand exits it are particularly troublesome and 
control techniques are not well established. 

Penney points out that the volatility of the solvent 
has a large impact on emissions, on the inherent 
safety of the process and on the energy require-
ments.	 For safest operation and easiest emissions 
control a solvent of low volatility is desired. But, 
for easiest solvent removal from the sand (and, con-
sequently, minimum energy usage) a solvent of high 
volatility is desired. To determine the best solvent 
requires careful analysis. 

Techniques used for emissions control at the solids 
feed end of the process include: 

- Purge the interstitial air entering the extrac-
tion vessel through a condenser, scrubber, 
adsorber, incinerator etc. Air then exists in 
the vapor space within the extraction system; 
this creates potential explosion hazards. 

- Place a purge column between the feed surge 
bin and the extraction vessel. Use augers or 
rotary valves to isolate the purge column 
from the surge bin and the extraction vessel. 
Introduce an inert gas at the bottom of the 
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column and take it out the top. By this 
means air can be excluded from the extrac-
tion system (see Figure 1). 

Enter the feed through a purged lock-hopper. 

The problem of emissions control where spent sand 
exits is different than at the solid feed entrance 
because the interstitial spaces within the bulk solids 
contain hydrocarbon vapors; thus the gas phase 
within the solids must be replaced with an environ-
mentally acceptable gas prior to discharge to the 
atmosphere. Some alternates for accomplishing this 
are:

Drop the sand through a purge column. 

- Purge the center of an auger conveyor to 
sweep the hydrocarbon vapor back into the 
process. 

- Use a flip-flop valve with a purge between 
upper and lower butterfly valves. 

- Convey the solid with air to dilute the 
hydrocarbons. Separate the air and send It 
to an incinerator.

- Use steam to strip the hydrocarbons from the 
sand, condense the steam and separate the 
hydrocarbon from the condensate. 

Washing of Sand 

Equipment which will provide countercurrent washing 
includes: 

- Bali mills in series 
- ilydroclones in series 
- Series of slanted augers in tubes 
- flayed, scraper type extractor 
- Moving basket extractor 
- Vertical towers 

Each of these alternates will provide countercurrent 
washing, which is necessary to remove the bitumen. 

At present the technology does not exist to predict 
either efficiency or scaleup parameters for the last 
three items on the list above. 	 Preliminary design 
can be done for the first three. From qualitative 
considerations the following may give some guidance 
in selecting the best washing systems. 

Sand Cleanup 

Reasonable approaches for removing the last solvent 
from the sand include: 

- A flash dryer. (Figure 1) 

- A dilute-phase,	 mechanically-agitated unit 
such as a Solidaire unit 

- A dense-phase,	 mechanically-agitated unit 
such as a Holoflight processor 

- A steam stripper 

- Displacement of the organic from the sand 
by washing with water 

Steam stripping Is the most prevalent method used 
to remove residual hydrocarbon solvent from the 
sand. The steam can be condensed and, provided 
the solvent is sparingly soluble In water, a simple 
phase separation will ready the water for feed to 
the steam generation system. 

Flues Removal from Bitumen 

As the solvent exits the extraction system to go to 
solvent recovery, the fines must be removed. Pen-
ney says that parallel plate gravity settlers or disk 
centrifuges are probably the equipment of choice. 
With parallel plate gravity separators (Figure 1) the 
solids will be kept within the extractor/washer and 
will exit with the sand. With centrifuges the fines 
can be concentrated and sent to a separate drying 
system or sent to incineration. 
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FIGURE 1 
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MODEL RESULTS GOOD FOR ELECTRIC PREHEAT 
PROCESS IN ATHABASCA OIL SANDS 

Large portions of the Athabasca oil sand deposits of 
Alberta have porosities, oil saturations and pay 
thicknesses that should make them excellent can-
didates for economical steamflooding. However, to 
inject steam and produce bitumen continuously at 
practical rates it is necessary to have some initial 
fluid communication between injector and producer 
wells.	 Under in situ conditions the reservoir fluids
in these formations are virtually immobile. 

In an electric-preheat steam-drive (EPSD) process the 
reservoir is first selectively heated electrically so as 
to lower the viscosity of the oil along predetermined 
paths between wells. Fluid mobilities along these 
heated interwell channels are generally several 
hundred times greater than in the original reservoir, 
and steam can be injected at satisfactory rates, at 
pressures well below fracture pressure. 

Electrode wells (which may be required to also serve 
as injectors or producers), are located so as to 
cause current to pass through the regions that are 
desired to be heated. Electric current flows 
primarily through the interconnected water paths in 
the oil sand and the electrical power dissipated 
along these filamentary paths is rapidly transferred 
to- the surrounding bitumen and to the sand matrix. 
A considerable literature relating to the numerical 
and physical modeling of electric-preheat processes 
has developed. The economics of such processes 
have been examined by the Alberta Oil Sands Tech-
nology and Research Authority and by Petrotec Sys-
tems Inc. of Denver, Colorado. 

Few of the researchers consider the problem of fluid 
flow during electrical preheating. 

Recently, work carried out at the University of Al-
berta was reported in the Journal of Canadian 
Petroleum Technology for October, 1989. An implicit 
three-dimensional electrothermal simulator was 
developed to numerically model multi-phase EPSD 
processes in the Athabasca deposit. Two versions of 
the model were discussed. In the first version 
(Model 1), the electric preheat phase was modeled 
assuming that fluid expansion and flow can be 
neglected. The second model (Model 2) accounts for 
the flow of oil, water, and steam, as well as heat 
transfer due to conduction and convection during 
both the electric preheat and steam-drive phases of 
the recovery process. 

It was found that in most circumstances the expan-
sion and flow of fluids during the electric preheat 
will have negligible effect on the temperature dis-
tributions established in the reservoir. Therefore the 
computationally less complex Model 1 Is generally 
adequate for simulating EPSD processes in the 
Athabasca deposit. 

Finally, an EPSO process in a representative reservoir 
was simulated using a one hectare repeated five-spot 
pattern with an electric preheat of 365 days. The 
preheat is followed by a combination of steam and

hot water flooding extending for a period of ap-
proximately eight years. Cumulative recovery was 
shown to be about 60 percent original-oil-in-place 
(OOiP) at an OSit of 0.42. 

Five-Spot Pattern Simulation 

The publication presents simulation results for an 
electric-preheat steam-drive operation In a reprcscn-
tative Athabasca oil sands reservoir. 	 Vertical wells 
that	 served	 both	 as	 electrodes	 and	 as
injector/producers were completed to form a one 
hectare repeated five-spot pattern. The reservoir 
dimensions and well locations are illustrated in 
Figure 1.

indicated in Figure 1 (a).	 The shale layers served 

Each well was completed in such a manner that two 
electrically separate electrodes could be excited at 
opposite polarity from the same wellbore. These 
electrodes were located in the overlying and under-
lying electrically highly conductive shale layers as 
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to spread the current, and to ensure that It flowed 
from one electrode to the other In a nearly vertical 
fashion through the oil sand layers. The individual 
oil sand layers acted as resistive elements In a 
series electrical circuit between these electrodes. 
Thus, because the rich oil sand exhibited the largest 
resistivity It was in fact the layer that was selec-
tively heated by the passage of current. Such 
heating creates a hot mobile fluid channel along the 
base of the pay zone. 

The electrode structure used is called a top/bottom 
electrode and one possible completion is shown 
schematically in Figure 2. 	 Not shown are the as-
sociated Injection/production tubing strings. As il-
lustrated, the lower electrode consists of a short 
section of steel casing in electrical contact with a 
number of small diameter steel production tubes 
placed in radial boreholes that have been hydrauli-
cally jet cut into the shale from an underreamed 
zone surrounding the casing sections. 

FIGURE 2 
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The upper electrode is formed in the same manner 
and is electrically connected to the lower end of 
the steel surface casing. The surface casing, which 
is not electrically insulated from the overburden, 
serves as a long extension of the upper electrode 
and collects some of the current returning from the 
lower electrode. This type of electrode provides an 
efficient method for transferring power downhoie. 

The upper and lower electrodes are connected by 
several joints of insulating casing, such as fiberglass 
or ceramic-coated tubing. The lower electrode is 
connected to the a.c. power source via a string of 
small diameter production tubing that is kept 
electrically isolated from the surface casing by a 
suitable number of insulating centralizers. Means 
may also be provided whereby a brine solution can 
be circulated around the electrodes to cool them 
and to re-establish intimate electrical contact with 
the formation in the event that formation water is 
flashed to steam in the electrode vicinity during the 
preheat. 

The electric-preheat simulation consisted of applying 
a constant power of 1.45 megawatts to the five-spot 
pattern for one year. At the end of the preheat, 
about 76 percent of the electrical energy remained 
In the oil sand layers; less than a quarter was lost 
to the overburden and underburden formations. 

Following the preheat, a two-week period with only 
conductive heat transfer and no electrical heating or 
steam injection was modeled to simulate the time 
period that would be required to recomplete the 
wells for the steam-drive phase. 	 During this time 
the Insulating casing would be perforated. It was 
assumed that the production wells had a perforated 
Interval contacting both the rich and average oil 
sand layers. The central injector wells were as-
sumed perforated only over the bottom 10 meters at 
the base of the formation. 

The steam-drive phase consisted of a sequence of 
steam and hot water injections extending over a 
period of some 3,000 days. 

Figure 3 depicts an isosurface plot of temperature 
at the end of the electric-preheat period. That 
portion of one quadrant of the five-spot that was 
heated to temperatures greater than 55 0C is il-
lustrated. It is apparent that the bottom third of 
the pay zone, comprising for the most part the rich 
oil sand layer, has been selectively heated, thereby 
establishing fluid communication along the base of 
the formation. 

Steam breakthrough to the produceth occurred at 
day 2,065. At this point the producing wells were 
recompleted so that production occurred only over 
the last 10 meters at the base of the rich oil sand 
layer. Steam injection was then resumed and con-
tinued until day 2,691. 

The final stage of the steam-drive consisted of a 
hot-water-flood of the reservoir for a period of 
689 days.	 The simulation was stopped 3,380 days 
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after the start of the electric-preheat. 	 The total
predicted oil production was 75,722 cubic meters. 

An equivalent oil-steam-ratio (OSR) for the entire 
project waj calculated as follows. A total of 
4.58 x 10

1
 joules of electrical energy was input to 

the five-spot pattern during thp electrical preheat. 
Further, a total of 3.4 X 10	 joules of energy
would be required to change water to steam during 
the steam drive.	 if it is assumed that electrical 
energy is produced at half the efficiency of steam 
energy,	 the total equivalent steam energy used 
during	 tl	 EPSO	 operation	 amounted	 to 
4.32 X 10 joules, or the amount of energy to 
produce 180,753 cubic meters of 0.8 quality steam. 
Because the total oil production was 75,722 cubic 
meters, the equivalent OSR was 0.42. 

At the end of the simulation run a total of 
59 percent of the original-oil-in-place had been 
produced. Because the residual oil saturation was 
about 15 percent for the reservoir, this amounted to 
nearly 70 percent of what could be considered 
recoverable oil for a steam-drive process. However, 
the researchers point out that their steam-drive 
scenario was not optimized and these figures should 
not be considered the maximum recovery that can be 
achieved with an EPSD process. 

330	 SYNTHETIC FUELS REPORT, DECEMBER 1989 



RESOURCE 

ASPHALT RIDGE TAR SANDS UNIT TERMINATED 

In action before the Utah Board of State Lands, the 
Cooperative Development Plan for the development 
and operation of the South Asphalt Ridge area of 
Utntah County, Utah, entered Into between the State 
of Utah and Sohio Petroleum Company in 1977, ex-
pired of its own terms on October 15, 1989. 

The records of the following leases were noted to 
show the termination of this unit: 

ML 7920. ML 24639, ML 27149, ML 28417, 
ML 29761, ML 34261, ML 34266, ML 35462, 
ML 35709 

The terms of these leases will also be extended to 
October 15, 1991 by the termination of this unit. 
The current lessee is Native Asphalt Company, of 
Salt Lake City, Utah. 

ACECs Wfl41FIEI) FOR DIAMOND MOUNTAIN RESOURCE 
AREA 

The Diamond Mountain Resource Area (DMRA) of the 
Utah Vernal District of the United States Bureau of 
Land Management (fiLM) held a series of four public 
workshops in November concerning the DMRA's four 
year planning effort scheduled for completion in 
1992. 

Once completed, the new planning document will re-
place the segmented documents under which the 
Resource Area now operates and will provide overall 
land management decisions direction for the next 
15-20 years. 

The comprehensive new planning effort is being un-
dertaken primarily to bring the Diamond Mountain 
Resource Area under one complete planning docu-
ment, to address issues and regulations which have 
surfaced since the several existing planning docu-
ments were implemented, and to bring each BLM 
managed resource area within the State of Utah un-
der a complete, up-to-date planning document. 

The Diamond Mountain Resource Area is responsible 
for management of ELM-administered lands and 
minerals in Utah on approximately 917,000 acres in 
all of Daggett and Duchesne Counties and that por-
tion of Ulntah County west of the Green River. 
The area contains significant tar sands and oil shale 
resources. 

The ELM planning regulations focus land-use planning 
on the identification and resolution of Issues that 
arise over the use and management of public lands 
and resources. A planning Issue can be defined as 
an unrealized opportunity, an unresolved conflict or

problem, or a value being lost. Not all Issues are 
related to resource management; therefore, not all 
issues are planning issues that can be resolved 
through a resource management plan. Some must be 
resolved administratively. 

Three broad planning issues are being addressed by 
the Diamond Mountain Resource Management Plan. 
These issues were developed with the use of input 
gathered to date from BLM personnel, the public and 
other agencies, and will continue to be refined as 
the planning process proceeds. The three issues are: 

- Resource uses affecting vegetation, soils, and 
watershed values 

- Special management areas 

- Resource accessibility 

Minerals 

The Resource Management Plan is intended to 
provide, to the greatest extent possible, open lands 
for the exploration and development of mineral 
resources, especially on those lands having known or 
demonstrable potential. Present and future public 
needs for mineral resources will be considered. 

Coal resources within the resource area do not ap-
pear to be of sufficient quantity or quality and/or 
mineabillty to warrant consideration of conventional 
development, leasing, or exploration. 

Areas with significant potential for exploration and 
development have been identified and are known as 
Special Tar Sand Areas (STSAs). Within these areas 
where tar sands are known to exist but cannot cur-
rently be recovered because of technical or financial 
constraints, management will be Identified that would 
not preclude recovery in future. Areas suitable for 
leasing in the Asphalt Ridge, Whiterocks Canyon, 
Nine Mile, and Argyle Ridge areas will be identified. 

Areas with significant potential for exploration and 
development will be identified. Areas where oil 
shale is known to exist, but cannot currently be 
recovered because of technical or financial con-
straints will be identified for management that would 
not preclude recovery in future. Areas suitable for 
leasing within the Resource Area will be identified. 

Special Manegement Areas 

There are areas that contain unique resources or 
values that are in danger of being lost. Some of 
these areas would be suitable for special manage-
ment emphasis under designation as areas of critical 
environmental concern (ACECs). 

Those areas which have been nominated to date for 
ACECs status are outlined In Figure 1. 
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FIGURE 1 

AREAS OF CRITICAL CONCERN IN DIAMOND MOUNTAIN RESOURCE AREA 
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RECENT OIL SANDS PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 1989 Eastern Oil Shale Symposium, held November 15-17, 1989 in 
Lexington, Kentucky: 

Schultz, C.W., et al., "Experience in the Beneficiation of Two Alabama Tar Sands." 

Ulrich, R.K., "Extraction of Alabama Tar Sands with Heptane and Carboxylic Acid Mixtures and 
Using a Saponification Cycle." 

Sadeghi, 1CM., et al., "Uses of Generated Surfactants from a New Tar Sand Process for Ex- 
tracting Hydrocarbons from Natural and Man-Made Materials." 

Penney, W.R., at al., "Selection, Design, and Scale-Up of Equipment to Extract Bitumen from 
Tar Sands." 

Kotlyar, L.S., et al., "the Role of Organic Matter Complexes In Oil Sand Processability and 
Sludge Formation." 

Ivory, J., et al., "Low Temperature Oxidation Strategy for Increasing the Effectiveness of Hot 
Fluid Recovery of Bitumen - An Experimental Study." 

Lane, J.A,, at al., "Effect of Horizontal Wells on Sweep Efficiencies When Practicing Enhanced 
Oil Recovery in Heavy Oil Reservoirs." 

Kotlyar, L.S., et al., "Properties of GPC Separated Maltene Fractions Derived from Utah and 
Athabasca Bitumen." 

Bunger, J.W., et al., "Asphalt from Utah Tar Sands - A JWBA Project Supported by U.S. 
Department of Energy." 

Reynolds, J.G., "Programmed Temperature Pyrolysis of Selected Tar Sands and Bitumen Derived 
Asphaltenes." 

Strausz, O.P., et al., "The Chemical Aspects of Alberta Tar Sand Bitumens." 

Brooks, P.W., et al., "Use of Biomarkers, Including Aromatic Steroids, to Indicate Relationships 
Between Oil Sands/Heavy Oils/Bitumens and Conventional Oils, Western Canada Basin." 

Folder, M.A., at al., "Relationship of Chemical Type Composition with Rheological Properties of 
Asphalts." 

Audeh, C.A., "Far Sands and Their Water Content." 

Meyer, R.F., "Definition and World Resources of Natural Bitumen." 

Zamora, L.G., et al., "The Orinoco Delta, A Future Exploratory Province for Heavy and Extra 
Heavy Oils." 

Netzler, B.W., "Heavy-Oil Resource Potential of Southwest Missouri." 

MacGillivray, J.R., et al., "Athabasca South: 	 Resource Characterization of an Active In Situ 
Pilot Area." 

Medaisko, 0.5. 9 "Heavy Crude and Tar Sand Resources in the Soviet Union." 

Alex, R., et al., "Characterization of Heavy Oil Produced from the Wolf Lake In Situ Combus-
tion Project," 

Mikula, R.J., et al., "Characterization of Particulates In Oil Sands Processing Streams." 

Munoz, V.A., at al., "Microscopic Techniques for the Identification of Coke." 
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The following articles appeared in the AOSTRA Journal of Research, Volume 5, Number 3: 

Crickmore, P.J., et al., "The Yield-Grade Relationship In the Extraction of Bitumen from Oil 
Sands." 

Dougan, P.O., "Near-Infrared Reflectance Analysis:	 Its Potential Application in Oil Sand 
Processing." 

Yui, S.M., "Hydrotreating of Bitumen-Derived Coker Gas Oil: Kinetics of Hydrodesulfurization, 
Hydrodenitrogenation, and Mild Hydrocracking, and Correlations to Predict Product Yields and 
Properties." 

Kitchen, R.P., et al., "Coking of Athabasca Bitumen-Derived Feedstocks." 

Marciano, VS., "Role of the Exchangeable Cations of Oil Sand Clays in Oil Sand Processing--
Part I. Batch Tests." 

Marciano, V.8., "Role of the Exchangeable Cations and Iron-amorphous Coatings of the Oil Sand 
Solids in Oil Sand Processing--Part II. Pilot and Plant Tests. 

Balmer, J.T., "Particle Size Analysis Using Direct Dispersion Techniques." 

Llewellyn, R.J., "Wear Attack in Oil Sands Mining and Extraction." 

Kitchen, R.P., et al., "Kinetics of Ni-Mo/Al 2 03 , Co-Mo/Al 203 and Layered Catalyst Charges for 
Hydrotreating of Athabasca Bitumen-Derived Coker Gas OIL" 

The following article appeared In The Journal of Canadian Petroleum Technology, September-October 1989: 

Hiebert, A.D., et al., "Application of Numerical Modeling to the Simulation of the Electric-
Preheat Steam-Drive (EPSD) Process in Athabasca Oil Sands." 

OIL SANDS - PATENTS 

"Recovery of Oil from Oil-Bearing Formation by Continually Flowing Pressurized Heated Gas Through Channel 
Alongside Matrix," Jay P. Nielson - Inventor, United States Patent Number 4,856,587, August 15, 1989. The in-
vention comprises a method and apparatus for recovering oil from so-called depleted oil fields and also from tar 
sands. A pressurized, heated, non-aqueous gas, such as carbon dioxide, is continuously flowed through a channel 
which Is In heat exchange relationship with an oil-bearing matrix, thus reducing the viscosity and mobilizing the 
oil in the sensible boundary region. Mobilized oil flows to a collection reservoir from which it Is then 
produced. 

"Oil Sand Cleaning Apparatus," Theodore Rolf vondenbau men - Inventor, United States Patent Number 4,859,323, 
August 22, 1989. Heavy oil production results in oily sand waste products, the disposal of which presents a 
problem. Since the oily sand causes rapid wear on heavy oil treatment equipment, it is important to deal with 
the problem early in the treatment process. For this reason recovery of the bulk of the sand is effected at 
the so-called free water knockout, which is a tank operating at atmospheric pressure for removing free water 
and sand from the heavy oil. Sand drops to the bottom of the tank. Oil separates from the water, rises to 
the top of the tank and overflows to the next piece of treatment equipment. Water is siphoned from the bot-
tom of the tank and fed to a water disposal plant. The apparatus described herein includes a pump for feeding 
a sand slurry from the bottom of the tank to hydrocyclones, dewatering screens to which fresh water is added 
to clean the sand and remove additional moisture therefrom, and a hopper for receiving the clean sand. Water 
from the hydrocyclones is returned to the bottom of the tank, and water from the screen is pumped Into the 
sand at the bottom of the tank to maintain the sand in a slurry. 

"Purification Process for Bitumen Froth," Larry P. Hackman, Alexander W. Hyndman, William E. Sheltantook - In-
ventors, United States Patent Number 4,859,317, August 22, 1989. Bitumen froth is treated in a circuit compris-
ing a plurality of serially connected mixer and inclined plate settler units. A light hydrocarbon diluent moves 
countercurrently through the circuit. Thus, as the bitumen content of the stream being settled diminishes, the 
concentration of diluent in that stream increases. 

"Preparation of Composite Fuels, with Reduced Sulfur Emission Characteristics, from Oily and Carbonaceous 
Wastes," Vincent P. Clancy, Abdul Majid, Bryan D. Sparks - Inventors, Canadian Patents & Development Ltd., 
Canada, United States Patent Number 4,867,755, September 19, 1989. A method of preparing a sulfur-containing 
composite fuel Is provided to utilize some high-sulfur content solid and semi-solid fuels such as tar sand coke 
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and refinery tank sludges by reducing their sulfur emission on combustion. The method comprises the steps of 
making an aqueous slurry including a finely divided carbonaceous material, a comminuted sulfur capture agent and 
an oily agglomeration aid obtained from the refinery or tailing sludges and coagglomerating these components and 
an optional conditioning agent. The resulting agglomerated composite fuel has a reduced content of inorganic 
Impurities and is suitable for fluidized-bed combustion. 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PRQJECS (Underline denotes ehan slate Septeaber 1989) 

ASPHALT FROM TAR SANDS - James W. Bunger and Associates, Inc. (C-fl) 

J. W. Bunger and Associates, Inc. (JWBA) has initiated a project for commercialization of Utah Tar Sands. The product of the ini-
tial venture will be paving and specialty asphalts. The project contemplates a surface mine and water extraction of bitumen fol-
lowed by clean-up and treatment of bitumen to manufactur specification asphaltic products. JWBA has secured rights to patented 
technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1988 JWBA completed a feasibility study which examined the technology, markets, resources and economies for asphalt produc-
tion. Results showed a strong potential for profitability at todajs prices and costs. Level of profitability is sensitive to site-specific 
factors and price variations. Results also showed the need for further development of technology applicable to the consolidated, 
oil-wet resources typical of Utah and other domestic deposits. 

In February, 1989, KWRA received an award of $5®,0 from the United States Department of Energy to further develop the 
technology and to conduct site-specific optinijiatlon. The award was one of about 30 given nationwide. 

All candidate sites in the Uinta Basin are currently under consideration including Asphalt Ridge, P.R. Sprin& Sunnyside and White 
Rocks. The commercialization - calls for completion of research In 1990, construction and operation of a field plant by 1991 and 
commercial operations by 1994. The schedule is both technically realistic and financially feasible. 

Project Cat: Research and Development: $1 million 
Pilot project $5 million 
Commercial Facility: to be determined 

RI-PRO VINCIAL PROJECT - UPORADER FACILITY - Husky Oil Operations Ltd. (T-10) 

Husky Oil is proceeding with the desian and construction of a heavy oil upgrader to be located near the Alberta/Saskatchewan bor-
der at Wilton, near Lloydnrinster, Saskatchewan. The facility will be designed to process 46,000 bands per day of heavy oil and 
bitumen from the Iloydminster and Cold Lake deposits The primary upgrading technology , to be used atthe upgrader will be 
H-Oil ebullated bed hydrocracking followed by delayed coking of the hydrocracker residual. The output will be 46,0w barrels per 
day of high quality synthetic crude oil. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase 1 of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In September, 1988 Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture agreement 
to fmana and build the Ri-Provincial Upgiader. Project completion is targeted for late 1992. 

In February, 1989 the Ri-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be In full swing by April, 1989. 

Site prevaration has been completed. Major civil contracts are to be awarded early in 1990. Major mechanical contracts will be 
started in the 3rd Quarter 1990. The construction force is ex pected to neak at ZAOO nersons by the 3rd nuarter 1991. 

Project Cat Upgmder Facility estimated at C1267 billion 

BITUMOUWF PROJECT - Solv-Ex Corp. (T-20) 

The Solv-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the - plant tailings (after bitumen extraction) showed that these minerals are readily recoverable. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes chan since September 1"9) 

COMMERCIAL PROJECTS (Coatined) 

In February, 1989, a viable processing flowtheet was finalized which not only recoversthe originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent  less than 15 percent of 
the potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a single-train plant, much smaller than the 10,000 barrels per calen-
dar day plant originally envisaged. The optimum site will be determined in the preconstn.ction feasibility study and this module is 
estimated to cat not more than (3200 million. 

The Bitumount lease covers 5,874 acres north of Fort McMurray, Alberta. Bitumen reserves on the lease are estimated at 
1.4 billion barrels. 

Solv-Ex is currently looking for potential financial partners to expand the project. 

BURNT LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T-30) 

The Burnt Lake in situ heavy oil plant is located on the Burnt Lake property in the southern portion of the, Primrose Range in 
northeast Alberta. Initial production levels will average 12,500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require the close cooperation of Canada's military. 

The multi-phase Burnt Lake project, which will involve cyclic steaming, was put on hold in 1986 due to low oil prices, then revived 
in 1987. The project as of early 1989 has again been halted. 

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 clusteriand cyclic steamed. 

Future stages could double production to 25,000 barrels per day. Burnt Lake is cstimatedt to contain over 300 million barrels of 
recoverable heavy oil. 

COLD LAKE PROJECT - Eno Resources Canada limited (T-50) 

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 Em's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was panted in June 1984 and for Phases Sand 6 in May 1985. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake averaged 60,000 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A debottlenecking of the first six phases has added 19,000 barrels per day in 1988, at a 
cost of $45 million. 

The AERCB approved Esso's application to add Phases 7 through 10, which will eventually add another 44,000 barrels per day. A 
decision has been made not to complete the facility at this time. Phases 9 and 10 have been postponed indefinitely. 

However, all construction will be completed on the central processing plant for Phases 7 and Sand partially completed for the field 
facilities. The construction is 70% completed. 

Project Cat: Approximately $770 million for first ten phases 

DAPHNE PROJECT - Petro-Canada (T-W) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. The project is expected to cost $3.8 billion 
(Canadian). To date over 350 core holes have been drilled at the site to better define the resource. 

Currently, the project has been suspended pending further notice. 

Project Cost,	 $3.8 billion (Canadian)
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STATUS OF OIL SANDS PROJECTS (Underlie. '4-t- chases since September I%) 

COMMERCIAL PROJECTS (Ceutinced) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (17-70) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is being 
put on bold due to the current worldwide energy supply picture. As of March, 19M the Lurgi pilot unit is being maintained in con-
dition for future operation 

The Company estimates that the Project could yield in excess of 300 millionbarrels of 21 to 23 degrees API 
oil 

horn the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation ('F-SO) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 198& 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 
besting. 

The first field test with a commercial well, initially producing about 20 barrels per day, was put into production in December 1985 
in Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986 ORS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a well in the ticydininster area in Alberta, Canada. This well was drilled 
on a farmout from Husky Oil in the Wildmere Field. Primary production continued for about 60 days, during which the well 
produced about 6 barrels per day of 11 degrees AN heavy oil. The well was then shut down to allow installation of the ORS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected. Process energy costs have been demonstrated at around $1/bbl. 

This well was shut-in after seven months of operation due to high operating costs associated with severe and production. Two 
other wells utilizing the Technology have been completed in the Wildmere Field with encouraging results initially. However, at-
tempts to mitigate the sanding problems have not been successful and these wells were also shut-in after approximately one year of 
operations. 

Additional work is being undertaken in Canada. Most recently, a 12 degree API heavy oil well in Alberta increased production 
from 20 barrels to nearly 80 barrels per day. Another well in Saskatchewan increased from 75 to about 125 BOPD after application 
of the Technology. Approximately 20 wells are expected to apply the Technology within Canada during 1989. This work is being 
performed by Electromagnetic Oil Recovery limited (EOR), a Calgary headquartered affiliate. EOR signed a contract in 1988 
with Shell which will lead to a field test of the Technology in Europe during 1989. 

ORS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe and production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of 150 degrees Fahrenheit. Another ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout from Tenneco Oil. The wells were eventually shut-in in 1988 due to low productivity, sanding problems, 
and low oil, 

A demonstration field test began in Brazil in late 1987. The test well was initially completed in September 1967. The initial test 
well resulted in increasing production from the initial level of 1.1 barrels per day up to 14 barrels per day. The process will be ap-
plied to an additional 4 wells during 1989 before a decision is made to expand the well stimulation program to potentially several 
hundred oil producing wells in Brazil. 

Project Cost: Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, limited. (T-90) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase I Thermal Project is located in the NW 1/4 of 
Section , Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cun.ningr sand of the Mannville Group. Additional oil sands potential is in-
dicated in other Mannville zones including the Colony, Clearwater, and the Spnrky. 

SYNTHETIC FUELS REPORT, DECEMBER 1989 
3-38



STATUS OF OIL SANDS PROJECTS (Underline I-..-.ta changes since September 1989) 

COMMERCIAL PROJECTS (Continued) 

Amoco Canada has several development phases of the Elk Point Project. Phase 1f the Project will involve the drilling, construc-
tion, and operation of a 13-well Thermal Project (on; 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, Amoco drilled 34 wells in the north half of section 29 in 198748, using conventional and slant 
drifting methods. Pad facilities construction occurred in 1988, Further drilling in Sections 28 and 29 may continue in 1989, depend-
ing on oil prices. 

Oil production front current wells at Amoco's Elk Point field totals 1,000 cubic meters per day. Production with these new wells 
will gradually increase totals to approximately 1,2W cubic meters per day. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and pricing. 

Project Cost Phase 1- $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - FanCanadian Petroleum Limited. (17-100) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August 198& 

The Phase I project would involve development of primary and thermal recovery operations in the Lindbergh and Frog Lake sec-
tors near ElkPoint in east-central Alberta. Phase I operation include development of 16 sections of land where 129 wells were 
drilled by the end of 1988. 

PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,0(X) barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1s with production to increase to 6,0(00 barrels per day. 
Phase m would go into operation in the late 1990 1s, and production would increase to 12,000 barrels per day. 

Thus far, steam stimulation has been applied experimentally in two sections, and the results are being evaluated while study 
proceeds on a - steam flood processin one of these sections. 

As of June 1989, low prices for heavy crude and lack of economics for expensive enhanced oil recovery methods have caused Pan-
Canadian to delay Phase I plans. Meanwhile the company continua to streamline primary operations, to evaluate steam stimula-
tion results and to - experimental steam flood pilots. 

Project Cost Phase I a (390 Million 

FOREST 11111 PROJECT - Greenwich Oil Corporation (F-ito) 

Greenwich Oil Company Is developing a project which entails modification of existing, and installaton of additional, injection and 
Production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire flooding technique utilizing 
injection of high concentration oxygen Construction began in the third quarter 1985. Loan and - guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24,1985. Project now , has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The oil production rate 
reached 1,2W barrels per day. 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection has been tem-
porazily suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion 
zone and to scavenge heat. Oil production remains in excess of 1,000 barrels per day. 

Project Cat Estimated $42.5 million
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STATUS OF OIL SANDS PROJECTS (Underline desotas champs since Sr— ifl) 

COMMERCIAL PROJECTS (Cended) 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (F-I) 

Dome Petroleum (now Amoco) received approval from the Alberta Energy Resources Conservation Board for a commercial 
project in Lindbergh. The project willcover five sections and and was planned to be developed at a rate of one section per year 
for five years, It will employ"buffand-puff' steaming of wells drilled on 10 acre spacing, and will require capital investment of ap-
proximately $158 million (Canadian). The project Is expected to encompass a period of 12 years and will result in peak production 
of 12,000 barrels of oil per day, which when coupled with production from two experimental plants and additional wells will raise 
the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted. A total of 46 slant 
wells have been drilled to date and placed on primary production. Low oil prices have forced a delay in the proposed commercial 
development. 

Project Cat: $158 Million 

LINDBERGH COMMERCIAL ThERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (17-130) 

Murphy Oil Company Ltd., has completed construction and startup of a 2500 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,0w barrels per day is planned over nine }tan, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and constniction of an oil 
plant, water plant, and water source stake and line from the north Saskatchewan River. 
Murphy has been testing thermal recovery methods in a - 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 eaten 0112 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 
85,00 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project. 

This project Is currently suspended due to low oil prices. 

Project Cat: $30 million (Canadian) initial capital cat 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 

NEWORADE HEAVY OIL UPGRADER - Newarade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. The upgrader was slated for full production by 
June, 1989. The official opening was held June 24, 1989. 

In January, the refrnerylupgrader combination was running at about 66 percent capacity, putting 35,0 barrels per day of crude 
through the refinery itself. From that, 20,000 barrels per day of heavy resid bottoms are sent to the new, Atmospheric Residual 
Desulfuriration unit which performs primary upgrading. From there 8,00 barrels per day is being run through the Distillate 
Hydrotreater which improves the quality of the distillate fuel oil streams by adding hydrogen. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1981 

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 
cats as debt. 

NewOrade selected process technology licensed by Union Oil of California for the upgrader. The integrated facility will be 
capable of producing a full slate of refined products or alternately 50,000 barrels per day of upgraded nude oil or as will be the ini-
tial case, some combination of these two scenarios. 

Project C	 VW million 

OSLO PROJECT - Esso Resources, Petro-Canada, Canadian Occidental, Cuff Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. (F-ISO) 

The OSLO joint venture is planning a 77,000 barrel per day oil sands mining, extraction and upgrading plant 60 kilometers north of 
Fort McMurray. Production is scheduled to begin in 1997.
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COMMERCIAL PROJECTS (Continued) 

The OSLO joint venture consists of Paso Resources (25 percent), Canadian Occidental Petroleum (20 percent), Gulf Canada 
Resources (20 percent), Petro-Canada (15 percent), PanCanadian Petroleum (10 percent) and Alberta Oil Sands Equity (10 
percent). To date some $30 million has been spent on project studies. 

The Canadian federal government and the Province of Alberta have signed a Statement of Principles with members of the OSLO 
joint venture to proceed with the development of the integrated oil sands project The expected date for a binding agreement on 
the project is fail 1989. 

The government will contribute jointly up to $850 million towards up-front costs. Capital cats of over $3 billion will be supplied or 
raised by the project sponsors, including $12 billion in loans front private lenders which will be guaranteed by the governments. 
Repayable interest assistance to a maximum of $250 million will be available for pre-production loans. 

The project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, the 
bitumen would be extracted from the and by warm water and chemicals and fed into an upgrader. There, it would be converted 
into synthetic crude oil with properties similar to conventional light crude oil—citable as feedstock for Canadian refineries. QQ 
has selected the hiah-conversion Veba Combi Crackins rorocea for uveradins. 

In April 1989, OSLO received approval from the Energy Resources Conservation Board (ERCB) for a $23 million summer 1989 
bulk ample pit and extraction testing program. Excavation began in May, 1989. The data will be used to develop a hybrid extrac-
tion process. 

In 1991, assuming the project meets specified economic criteria, major contracts will be tendered and construction will begin. 
Production is expected to start in 1997. 

Current plans call for developing immediately only one of the six OSLO leases (lease 31). The surface mineable portion of lease 31 
is estimated to contain 3.8 billion barrels of bitumen. At 77,00D barrels of oil a day, there should be enough bitumen in the one 
lease, which covers about 75 square miles, to keep the plant operating for well over 100 years. 

The OSLO plant could eventually be expanded to produce as much as 2W,000 barrels of synthetic crude oil per day for 50 years. 

The OSLO reserves are of higher quality than most of what remains at Syncrude, and OSLO's layer of overburden is thinner, ad- 
vantages that will help make OSLO's estimated production costs slightly lower than those of Syncrude. 

Project Cost $4.1 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (17-160) 

Shell Canada Limited expanded the original Peace River In Situ Not 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 - project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The com-
mercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant for 
generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline and ini-
tially would be exported to the northern tier refineries in the United States for asphalt production. 

An application to the Energy Resources Conservation Roand 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, 1989 the ERCB approved Shell Canada's application to expand the Peace River project from 10,000 barrels per day 
to approximately 50,000 barrels per day. 

PREP II, as it will be called, entails the construction of a stand-alone processing plant, located about 4 km south of PREP I. PREP 
II would be developed in four annual construction stages, each capable of producing 1,600 cubic meters per day. 

However, due to low world oil prices and continual uncertainty along with the lack of improved fiscal terms the project has been 
postponed indefinitely.
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Some preparatory site work was completed in 1988 consisting of the main access road and drilling pads for PREP II. This work 
would enable a quick start should the decision to proceed occur in the near term. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Dome (now Amoco) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Amoco is 
earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company 
undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest 
in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Amoco can earn an interest in an additional 194$0 of adjoining oil sands 
lands through development of a commercial production project. The project is estimated to carry a capital cost of at least 
$C1.2 billion and annual operating cat of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each section will contain four 26-well slant-hole drilling clusters. 
Each set of wells will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation 
Board approval on February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988. The 
12,800 acre project will be developed in three phases. Four 6,500 barrel per day modules will be used to meet the 25,000 barrel per 
day target. 

Due to the recent decline in oil prices, the proposed drilling schedule has been postponed. The project will proceed when oil prices 
return to levels which make the project viable. Amoco indicates this would be above $20 per barrel. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNThETIC CRUDE REFINERY - Shell Canada limited (F-ISO) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided by 
the two existing oil sands plants, Syncrude and Suncor. The refinery's petroleum products are gasoline, diesel, jet fuel and stove 
oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,0 tonne/year styrene plant. 
Refinery and petrochemical plant officially opened September 1984. 

Project Cost: 	 $L4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

SUNCOR, INC., OIL SANDS GROUP - Sun Oil Company (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (1'-190) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta. It has been in production since 1967. A four.step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyers 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 desutfurized and blended to form high-quality synthetic crude 
oil, most of which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 316 million barrels. 

In October, 1987, production was interrupted by a fire which started on a conveyor belt. Partial production was resumed in January 
1988, with full production in September, 1988. An expansion of capacity to 63,000 barrels per day is under way. Suncor will also in-
crease its upgrading capacity by an additional 10,000 barrels per day to a total of 73,ODO barrels per day. Total cost of this expan-
sion is $150 million. 

In 1988 Suncor's Board of Directors approved the expenditure of another $50 million on the debottlenecking project. The project 
will increase the plant's primary production capacity to 71,000 barrels per day when completed in 1991. 
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COMMERCIAL PROJECTS (Continued) 

During 1988 Suncor maintained reliable production, kept costs down and completed the naphtha recovery unit phase of the overall 
$200 million debottlenecking project. 

In 1989 the Oil Sands Group recorded second quarter earnings of $12 million compared with earnings of $5 million for the second 
quarter of 1988. Earnings for the first six months were $12 million compared with a loss of $12 million for the same period of 1988. 

Production at Oil Sands Group was strong in the second quarter of 1989, averaging 59,498 barrels per day compared with 56,783 
barrels per day for the second quarter of 1988. 

Suncor, as of December 5, 1988, reduced its capital spending in response to expectations of an uncertain crude price environment 
and potential lower cash flow. The $200 million Debottlenecking project to increase production to 71,000 barrels per day was put 
on hold due to the oil price and need for partners. Engineering work continues, however. 

Expansion is currently on hold as they look for partner opportunities. 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (P200) 

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 continued due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Lease. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - GNC Tar Sands Corporation (17-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent ash 
and water. Chevron also ran a series 

of tests using the solvent circuit first followed by flotation and found it to be simpler and 
cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today (iNC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
Heavy. 

GNC has 
2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 

to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, (iNC requested loan and price guarantees of $452,419,. 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. (iNC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg and Engelhard indicating feasibility, after the 
decline in prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent 
gasoline and 69 percent diesel. The 7,500 barrels per day plant including upgrading to products, with some used equipment, would 
cost $149 million. 

Project Cost:	 $149 million for 7,500 barrels per day facility
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SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (T-220) 

Synco Energy Corporation of 0mm, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil and electricity from coal and tar sands. 

The Synco process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2, degrees F 
by making steam and then mixed with the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out of 
the tar sands and this is then fractionated into a mixture of kerosene act fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO, removed and the gas burned in a gas turbine to 
produce electricity. The hot exhaust gases are then used to make steam and cogentrated electricity. 

Testing indicates that the hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 
Synco holds process patents in the U.S., Canada and Venezuela and is looking for a company to joint venture with on this project. 

Thc plant would be built at Sunnyside, Utah, near the city of Price. 

There is a reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. 

Project 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. (7.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada 
Resources Ltd. (9.03 percent); PanCanadian Petroleum Limited (10.0 percent); [IBOG - Oil Sands Ltd. Partnership (Amoco Canada 
Petroleum Company Ltd.) (5.0 percent) (T-230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 155,ODD barrels per calendar day. The 
original plant with a capacity of 108,000 barrels was based upon: oil sand mining and ore delivery with four dragline-bucketwheel 
reclaimer-conveyor systems oil extraction with hot water flotation of the ore followed by dilution centrifuging; and upgrading by 
fluid coking followed by hydrotreating. During 1988, a 6-year $13 billion investment program in plant capacity was completed to 
bring the production capability to over 155,ODD barrels per calendar day. Included in this in-vestment program are a 40,000 barrel 
per day L-C Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

In early 1987 Syncnsde filed an application with the Alberta Energy Resources Conservation Board for a $4 billion Phase Three ex-
pansion. A decision to go ahead with the third expansion phase will be based on oil prices, crude reserves and royalty agreements. 

A 'go ahead' decision could see the project completed in the mid-19's and would boost the plant's output by 50 percent to over 
230,000 barrels per day, which would be 15 percent of Canada's total crude production. 

Project Cost:	 Total cost $3.8 billion 

THREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (T-240) 

Three Star Drilling and Producing Corporation has sunk a 426 foot deep vertical shaft into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois. 

Three Star has drilled over 12.000 feet of horizontal boreholes up to 900 feet long through the reservoir. The orieinnl drilling pat- 
tern was planned to allow the borehole to wander up and down through the producing interval in a snake' pattern. Now, only 
straight upward slantin g holes are bein g drilled. Three Star estimates the Upper Siggins still contains some 35 million barrels of 
oil. First production is expected to begin in January 1990, while further drillin g continues. 

The initial plans call for drilling one to four levels of horizontal boreholes. There would be up to 25 horizontal holes per level. 

Project Cost: Three Star has budgeted $33 million for the first shaft.
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WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (T-260) 

Located 30 miles north of Bonnyviile 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. 

B? and Petro-Canada are now exploring options for future plants on the Marguerite Lake leases. During the winter of 1984/1985 
an extensive delineation drilling program was carried out which identified possible areas for future developments. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased back to 3,028 barrels per day in late 1988. 

In 1987, a program designed to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. The major contract for the central plant was let to Fluor Corporation in October, 1987. Wolf Lake 2 was 
expected to be completed in mid-1989. 

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 early 1989, BP Canada and Petro- Canada said they will delay by one year the decision to start up the second phase. While the 
Wolf Lake 2 plant will be commissioned during 1988, full capacity utilization of the combined project is not likely before 1991, when 
it is expected that higher bitumen prices will support the expanded operation and further development. At the end of the commis-
sioning period, during which B? will ensure that all the plant components are operational, HP and Petro-Canada will decide when 
to begin injection. 

BP has drilled all 248 phase-two wells, bringing the total number of Wolf Lake wells to 514. 

Project Cost:	 Wolf Lake I
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YAREGA MINE-ASSISTED PROJECT'— Union of Soviet Socialist Republics (T-670) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meteis of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKni2. Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,00 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 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-
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COMMERCIAL PROJECTS (Continued) 

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

R & D PROJECTS 

ATHABASCA IN sm.J PILOT PROJECT (Kent Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil Opera-
lions Ltd., Esso Resources Canada Ltd. (T-270) 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. 

The pilot project began operation in December, 1981. Currently, three patterns are being operated: one 94pot and two 5-spots. 
The central well of each pattern is an injector. The 8 observations wells art located in and around the three patterns. 

The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three patterns con-
tinue to be encouraging 

In April, 1989, a special test was initiated to increase the oil production rate. To date, the test has been very successful. 

Project Cat: $139 million (estimate) 

BATFRUM IN srni WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, 137886 Canada Ltd., Hudson's Bay 
Oil and Gas (T-280) 

Mobil Oil Canada initiated dry combustion in the Battrum field in the Swift Current producing area of Saskatchewan in 1965 and 
convened to wet combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 
1987-88. The expansion included drilling 46 wells, adding 12 new burns, a workover program and upgrading surface production and 
air injection facilities. 

Wrap-up work on the expansion will be completed during 198940, and will include converting all new burns from dry to wet com-
bustion by 1989-12. Air injection will be increased during 1989 from 13 million cubic feet per day to 29 million cubic feet per day 
to accomodate the air requirements of the new burns. Two twin air/water injectors will be drilled during 1990 to complete the ex-
pansion. 

Project Cat: Expansion $30 million 

DVI COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (f-290) 

The project is operated by Bow Valley Industries Ltd. The process utilizes steam and additives to recover bitumen from the Clear-
water formation. The project currently consists of 16 wells directionally drilled From two pad locations. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot from 
1977 to 1979. Bow Valley has a (ann-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf pilot. 

Cyclic steam operations began in mid-January, 1985 at the original seven-well pad to test the steam and additives process. A new 
steam placement technique was developed during these operations with favorable results. This led to a new nm-well pad being 
drilled in late 1986 to further investigate the new technique developed with the original pad. Cyclic operations at both pads are 
continuing. 

Project Cat: $13 million 

CANME'F HYDROCRACKING PROCESS - Petro-Canada and Panec Uvalin Inc. (T-300) 

A novel hydrocracking process for the upgrading of bitumen, heavy oil and residuum has been developed at the Canada Centre for 
Mineral and Energy Technology (CANMET). This CANMET Hydrocracking Process is a single-stage, high conversion process ef-
fective for the conversion of 90 weight percent of the pitch in heavy feedstocks to distillate boiling below 524 degrees C. (Pitch is 
defined as material boiling above 524 degrees C) An additive is used which acts as a coke preventer and a mildly active 
hydrogenator at moderate pressures. Hydrogen consumption and gas make an lower compared to other hydrocracking processes. 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 
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Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. Upon startup, the 
unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was achieved. In May 1986, 
introduction of additive led to the achievement of 80 weight percent pitch conversion without coking. This test proved the bench-
cial effect of the additive in achieving high conversions. 

Further testing, in pilot plants, led to the use of a simpler additive which could be prepared in a single stage operation. Since 
March 1987 the demonstration unit has been operating with this simplified additive scheme at pitch conversion greater than 85 
weight percent. Up to February 1988 data has been collected for two different feedstocks (pitches from Western Canada Crude 
blend and Cold Lake heavy oil). Pitch conversion of 86 weight percent has been achieved with the Cold Lake Feed. 

The high conversion Canmet HC process has been successfully demonstrated and is now available for commercial application. 
Patent protection and process guarantees are provided by the licensors. 

Project Cost: 	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. and Alberta Energy Co. (T-310) 

Husky Oil Operations Ltd. (60% interest) and Alberta Energy Co. (40% interest) received ERCB approval for a 1,10) barrels per 
day heavy oil steam pilot in the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

Husky and AEC have drilled 48 exploratory and development wells on the 372-section Caribou Lake block. Natural gas and 
bitumen discoveries have resulted, with the quality and extent of the bitumen resources iustifvinz this pilot recovery proiect. 

Proicct Cost: $20 Million 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada ('F.320) 

Mobil's heavy oil project is located in 152 and Rfl, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and live injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 

Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations are 
continuing. 

Production in the Celtic Multizone Test, an expansion of the Heavy Oil Pilot, consisting of 16 wells on 20 acre spacing, commenced 
with primary production in September, 1988. First cycle steam injection commenced May, 1989. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-H SYNFUELS DREDGING PROJECT - C-H Synfuels Ltd. ('F-330) 

C-H Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 4th meridian. 

The scheme would involve dredging of a cutoff meander in the Horse River some 900 meters from the Fort Mc Murray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 
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C-I-I proposes to add lime and a non-toxic polyacrytamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cost: Not disclosed 

CIRCLE CLIFFS PROJECT— Kirkwood Oil and Gas (T-340) 

Kirkwood Oil and Gas is forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cast:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (T-350) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 150 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness From 2 to 20 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 1989; the remaining wells were suspended at the conclusion of 
their testing programs. Beginning in July, 1988, Mobil began to test three additional multi-zone wells in the Iron River area. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour la Valorization des Huila Lourdes (ASVAIIL) (T-360) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude . plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations were 
completed by the end of 1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Rallinage, and Institut Fran-
caise do Parole. The ASVAI-IL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 

The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-380) 

Esso operates two steam based in situ recoyery projects, the May-Ethel and Laming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease No. 
40. Esso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,0 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is 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 
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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 

EYEIIILL IN SITU STEAM PROJECT - Canadian Occidental Petroleum, Ltd., Texaco Canada Resources Ltd. and Murphy Oil Com-
pany Ltd. (T-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that arc located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

Production in 1988 reached 500 barrels per day and is expected to eventually peak at 1,000 barrels per day. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 
Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining 10 years of life. 

Project Cost:	 $15.2 million 

El'. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (T400) 

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 avenge 
gravity of 125 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with steamdrive as an additional 
recovery mechanism. The first stcamdrive pattern was commenced in 1980, with additional patterns converted from 1984 through 
1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an Swell cluster drilled in late 1985. Five additional develop-
ment well locations have been identified. Approximately 59 wells are now operating, with production avenging 1,600 barrels per 
day. Further development work, including tying-in the 8 wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated to be greater than 21 percent with recoveries in the 26 percent range in the 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). 

In January 1989, Suncor announced that the project would be indefinitely suspended 

Project Cost: See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T410) 

Mobil terminated the Fosterton N. W. Pilot in June of 1989 due to high operating costs. Air injection was stopped and five of the 
six producers were shut-in. Produced water injection will be continued to scavenge remaining heat and offset rapid decline in reser-
voir pressure. 

In situ wet combustion recovery in the pilot is currently being evaluated. Two coreholes have been drilled in one burn to determine 
burn thickness and oil displacement behind the burn front at different distances from the injectors. 

Project Cost: Not Disclosed
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GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA. and Petro-Canada Ltd. (T-420) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 24I6-7W4. The par-
ticipants are Amoco (123 percent), AOSTRA (75 percent), and Petro-Canada Inc. (123 percent). Other parties may participate 
by reducing AOS'I'RA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). 
Amoco is the operator. The production pattern consists of a four-spot geometry with an enclosed area of 0.28 hectacres 
(0.68 acres). Observation wells have been drilled. The process has tested the use of steam and steam additives in the recovery of 
highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). Special fracturing techniques have been used and 
sophisticated seismic methods and other techniques are being used to monitor the in situ process. Steam Foam Flooding is cur-
rently being investigated. 

The project began operation in September 1985. 

Project Cost:	 $22.8 million (Canadian) 

HANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (17430) 

The Hanging Stone Project is located 50 km south of Fort McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three wells have been tested for injection and recovery. Planning is underway for a 13-
well pilot. 

Total land holding for the project is one-half million hectares. 

Project Cost:	 Not formulated. 

IPIATIK EAST PROJECT - Alberta Energy Company Limited, Amoco Canada and Deminex Canada (F.435) 

The Ipiatik East pilot is inside the Cold Lake Air Weapons Range, otherwise known as the Primrose Block. ABC has a 60 percent 
interest in the project along with Amoco Canada and German Deminex Canada. The project uses cyclic steam injection to test the 
production potential of the Wabiskaw sands of the Lower Cretaceous Mannville Group. 

AEC first began experimenting with cyclic steaming in the area in 1984 with seven wells drilled on 3.6 acre spacing. The initial 
strategy was to use the basal zone to promote reservoir heating and gravity drainage, and to minimize steam override. Initial 
steaming using 44,000 barrel slugs provided good performance on the first cycle but production deteriorated in later cycles. The 
wells had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface. 

In late 1986, ABC began testing a propped sand fracture completion prior to steam injection. The horizontal fracture provided a 
larger contact area for stimulation and a better chance to contain the fracture above the basal zone. To assist fracture initiation, 
the casing was notched to create a narrow horizontal area which would be exposed to high rate, high pressure fracture fluids. The 
casing was notched in the upper half of the oil sands above several of the tight calcite layers. 

Results of the propped fracturing prior to steam injection were very encouraging. ABC drilled three more wells northeast of the 
Phase A pattern in 1987 for further testing. Again, results were very encouraging. The wells achieved daily oil production rates 
which were 50 percent better than cycle one, 90 percent better than cycle two and 60 percent better than cycle three on typical 
Phase A wells. 

Encouraged by the results, ABC drilled another four wells in 1988, completing a regular seven-spot pattern on six-acre spacing. 
Those wells have performed better than the 1987 wells over three cycles. ABC will continue testing in 1989 but has no plans for ex-
pansion at this time. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (T-440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells on 3.2 and 1.6 hectare spacing within a 65 hectare drainage area. The project is 100 percent 
owned by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron River battery facility located 
on the southwest corner of the quarter section. The project is expected to produce 230 cubic meters barrels of oil per day. The 
battery was expanded to handle the expected oil and water volumes. The produced oil is transported by underground pipeline to 
the battery. Pad facilities consist of 105 million kJ/hr steam generation facility, test separation equipment, piping for steam and 
produced fluids, and a flare system for casing gas.
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To obtain water for the steam operation, ground water source wells were drilled on the pad site. Prior to use, the water is treated. 
Produced water is injected into a deep water disposal well. Fuel for steam generation is supplied from Mobil's fuel gas supply sys-
tern 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. ([450) 

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. B? 
expects the fluid to be in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 

The project involves drilling four wells, in which casing will be run to the top of the formation. The jet injection device will be 
lowered into the uncased bottom for injection of the water. A single jet is pointed into the formation, and is rotated during injec-
tion in order to contact the entire formation exposed in the wellbore. 

The fluid injection rate probably will be in the range of 15-25 barrels per hour at a fluid temperature of 175 degrees F. 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cost: C$500,000 

KENOCO PROJECT - Kenoco Company (17460) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin- 
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 

Plans are being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 
10,000 barrels per day operation. Timing is not yet firm pending stabilization of oil prices. 

Project Cost: 	 Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T470) 

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 85,000 Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2500 md. 

This pilot is currently suspended due to low oil prices. 
(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects) 

Project Cost:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. ([480) 

Dome Petroleum Limited (now Amoco) has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in 
order to evaluate an enriched air and air injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot pat-
terns to evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 
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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 welts resulted in the shut down of oxygen injection. A concerted plan 
of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. En-
riched air injection was reinitiated in this pattern in August 1985. The blend-up process has been completed with present injection 
rate at 200,000 cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any oxygen 
breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen. 

Project Cost:	 $22 million 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (T-490) 

Amoco completed a 44 well drilling program in Section 35-514 W4M in the Morgan field in order to evaluate a combination ther-
mal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have been steam stimulated. The 
producers in these patterns have received multiple steam and air/steam stimulations to provide for production enhancements and 
oil depletion prior to the initiation of burning with air as the injection medium. To date, six of the nine patterns have been ignited 
and art being pressure cycled using air injection. 

Project Cost:	 $20 million 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (F-S00) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year fannout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phases I and II by contributing $57 
million. 

Phase II, designed to further test and delineate the resource, is now complete. Phase III began in December, 1988. The program 
includes a multi-cycle single well steam simulation test at 16-2744-11 W4 in its eighth production cycle. A second multicycle single 
well steam stimulation test at 4-35-84-11 W4 is in its sixth cycle. Operation of the third single well test at 13-21 was suspended after 
completion of its fourth cycle. Engineering design has begun for a 13-well pilot with operation scheduled to begin in 1990. 

Project Cost:	 Not disclosed 

PELICAN LAKE PROJECT - CS Resources Limited and Devran Petroleum Ltd. (17-510) 

CS Resources has acquired from Gulf Canada, the original operator, the Pelican Lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,500 feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 
Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 

Drilling of five more horizontal wells with horizontal sections of upwards of 2500 feet will commence in November. 1989. 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation and CS Resources (F-SW) 

Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (fireflood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 74pot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
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steamed. One pattern was convened to a steam drive, another pattern convened to a water drive. Remaining wells retained on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was converted to steamflood in rail 1987. 

As of early 1989 thermal operations, with the exception of the seven-spot steamflood project, have been terminated and the wells 
placed in a flowdown phase. 

Project Cost: 	 Not Specified 

PROVOST UPPER MANNVTLLE HEAVY OIL STEAM PILOT PROJECT - Noreen Energy Resources Limited (T-530) 

Norcen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre in-
veiled 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre S spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until December 31, 1986. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. 

All nine pattern wells were placed on primary production in February 1985. 

Project Cost:	 Not Disclosed 

PR SPRING PROJECT - Enercor and Solv-Ex Corporation, (T-540) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and 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 processtar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230,947,000 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SEC 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-550) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 
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A pilot plant of the series of hydroprocessing, i.e., visbreaking4emetallation-cncking, 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-
Sian catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. Research with the 5 BPD pilot plant was finished in 1988. A 10 barrels per day 
pilot plant with suspended-bed reactor, designed by the M. W. Kellogg Company, was completed in 1985 and is in operation. A 
new type catalyst for the suspended bed process has been developed, and data have been obtained for process scaleup. 

Project Cost: 	 Not Disclosed 

RAS GHARIB ThERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (1-560) 

The tar sand thermal pilot ties onshore in the Ras Gharib field on the West Coast of the Gulf of Sue; 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 covets an area of approximately 1,300 acres with an average thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million BTU per hour single pass steam generator was purchased. The rust 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. ('1-570) 

The Oil Sands Extraction pilot plant is situated on the Soutar, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substantial 
reduction in waste volume. 

Pilot data indicate that the total RTR/Gulf process (extraction and tailings management) offers a substantial economic advantage 
over conventional hot water technology. This is particularly true for a remote plant in which energy requirements most be genera-
ted. 

Project Cost:	 Undisclosed 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. ('1-580) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #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 fannout 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. 

Little progress has been reported since 1987 

Project Cost: 	 Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. (1-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 57 wells at this site with most having been drilled since 1985. The heavy oil reservoir at 
Soars Lake is located in the Sparky formation at a depth of 1,500 feet.
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In the summer of 1987, Amoco began drilling 13 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. 

The injection scheme calls for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 

The initial production from the pilot wells is about 250 barrels per day, with the production expected to reach 1,000 barrels per day 
within a year. 

Project Cat: $33 million through 1988 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (T-600) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by Alberta Energy 
Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir is a Glauconitic sand in the Upper Man- 
nville formation which is underlain by water. The wells, including three temperature observation wells, were drilled during the 
summer of 1980. Completion of facilities construction occurred in the fall of 1981 and injection started in early 1982. 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 Cat:	 $11 million (Canadian) 

TACIUK PROCESSOR PILOT - AOSTRAfI'he UMA Group Ltd. (T-610) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William Taciuk of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat ex-
change, cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of 
Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between two majors. The in-
formation agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the in-
formation generated by the project during the current phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid colter, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

AOSTRA approved a $43 million, two-year extension to the project. The principal objective of this continuation is to carry out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant 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 AOSFRA. 

Project Cost:	 To Date:	 $5.3 million 
Outstanding:	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TANGLEFLkGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (T-620) 

The project, located some 35 kilometers northeast of Lloydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Lloydminster region.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1989) 

It & D PROJECTS (Continued) 

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 Tanglefiags 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 art providing up to $3.8 million in funding under the terms of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

The Tangleflags project is designed for an early production response so that expansion potential can be evaluated by 1990. Current 
estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing at rates up to 1,000 barrels of oil per day by mid 1989. Cumulative production to the 
middle of 1989 was 163,500 barrels. Production is expected to increase to a consistent 1,000 barrels of oil per day by the end of 
1989. The expansion of the pilot project into a commercial operation involving 14 horizontal wells will hinge on future crude oil 
prices. A decision regarding commercial expansion will be considered in 1990. 

Project Cost: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-(30) 

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 91SA5 as follows: 
Raven Ridge-Rimrock--Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areass, 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost:	 Unknown 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T-640) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,000 acre section of the lease. 

Preliminary estimates indicate that oil in place at the project area exceeds 680 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,50) 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. 
The project was mothballed again in the fourth quarter of 1988 due to low oil prices. There are currently no plans or schedule for a 
renewal of operations. 

Project Cost:	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority, Federal Department of 
Energy, Mines and Resources (CANMEI), Chevron Canada Resources Limited, Texaco Canada Resources Ltd., Mobil Oil Canada Ltd., 
Petro-Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd. (F-650) 

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.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1989) 

R & D PROJECTS (Continued) 

AOSTEA 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 tfl'F site and reassembled in the mine. It has now drilled the initial 
underground test wells. 

Recovery processes will be tested in conjunction with drilling tests. Two processes have been selected for testing: a steam-assisted 
gravity drainage process promoted by AOSTRA as the Phase A program, and a joint test with Chevron Canada Resources of the 
proprictory Chevron HASDrive process. 

Process facilities construction was completed in October 1987 and steaming started on both tests that November. Both pilot tests 
have performed exceptionally well and the programs have been extended to March 1990. 

Project Cost:	 $100 million
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COMPLETED AND SUSPENDED PROJECTS 

Prolect 

Aberleldy Project 

A.D.I. Chemical Extraction 

Alsands Project 

Aqueous Recovery Process 

Ardmore Thermal Pilot Plant 

Asphalt Ridge Tar Sands Pilot 

Asphalt Ridge Pilot Plant 

Athabasca Project 

Beaver Crossing Thermal Recovery Pilot 

Block One Project 

Burnt Hollow Tar Sand Project 

Burnt Lake 

California Tar Sands Development Project 

Calsyn Project 

Canstar 

Cat Canyon Steamflood Project 

Cedar Camp Tar Sand Project 

Chaparrosa Ranch Tar Sand Project 

Charlotte Lake Project 

Chemech Project 

Chctopa Project 

Cold Lake Pilot Project 

Dccpsteam Project

Soon sor 

Husky Oil Operations, Ltd 

Aarian Development, Inc. 

Shell Canada Resources, Ltd. 
Petro-Canada 
Gulf Canada 

Globus Resources, Ltd. 
United-Guardian, Inc. 

Union Texas of Canada, Ltd. 

Sohio 

Enercor 
Mobil 
University of Utah 

Shell Canada Limited 
Sotv-fix Corp. 

Chevron Canada Resources 

Amoco Canada Petroleum Company Ltd. 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Glenda Exploration & Development Corp. 
Kirkwood Oil & Gas Company 

Suncor 

California Tar Sands Development Company 

California Synfuels Research Corporation 
AOflA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Nova 
Petro-Canada 

Getty Oil Company 
United States Department of Energy 

Enercor 
Mono Power 

Chaparrosa Oil Company 

Canadian Worldwide Energy Ltd. 

Chemech 

EOR Petroleum Company 
Tetra Systems 

Gulf Canada Resources 

Sandia Laboratories 
United States Department of Energy

Last Appearance in SFR 

March 1983; page 3-33 

December 1983; page 3-56 

September 1982; page 3-35 

December 1984; page 344 

December 1983; page 3-56 

December 1986; page 3-51 

September 1984; page T-7 

September 1988; page 3-50 

December 1988; page 3-67 

September 1984; page T-8 

September 1984; page T-8 

December 1986; page 3-43 

September 1989 page 3-42 

March 1984; page 3-34 

March 1987; page 3-29 

December 1983; page 3-58 

June 1987; page 3-55 

March 1985; page 342 

September 1988; page 3-61 

December 1985; page 3-51 

December 1983; page 3-59 

December 1979; page 3-31 

March 1984; page 3-41 
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Enpex Syntaro Project 	 Enpex Corporation	 March 1989; page 3-63 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project 

Grossmont Thermal Recovery Project 

110? Kern River Commercial 
Development Project 

Ipiatik Lake Project 

Kentucky Tar Sands Project 

Lloydminster Fireflood 

Manatokan Project 

Marguerite Lake 'B' Unit 

Meota Steam Drive Project 

Mine-Assisted In Situ Project 

MRL Solvent Process 

Muriel Lake 

North Kinsella Heavy Oil 

Peace River In Situ Pilot 

Porta-Plants Project 

Primrose Project 

Primrose-Kirby Project 

Resdeln Project 

It F. Heating Project 

Rio Verde Energy Project 

Santa Fe Tar Sand Triangle 

Santa Rosa Oil Sands Project

Falcon Sciences, Inc. 

Unocal Canada Ltd. 

Ladd Petroleum Corporation 

Alberta Energy Company and 
Petit-Canada 

Texas Gas Development 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Westcoast Petroleum 

AOSTRA 
HP Resources Canada 
Petro-Canada 

Conterra Energy Ltd 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Pet ro-Ca nada 

C&ACompanies 
Minerals Research Ltd. 

Canadian Worldwide Energy 

Pc I to-Ca nada 

Amoco Canada Petroleum 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Inc. 

Japan Oil Sands Company 
Noreen Energy Resources Ltd. 

Petit-Canada 

Gulf Canada Resources Inc. 

HT Research Institute 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Corporation 

Altex Oil Corporation 
Santa Fe Energy Company 

SoIv-Ex Corporation

December 1985; page 3-38 

December 1988; page 3-71 

June 1985; page 3-51 

December 1986; page 3-63 

June 1985; page 3-52 

December 1983; page 3-63 

September 1982; page 3-43 

December 1988; page 3-72 

June 1987; page 3-60 

December 1983; page 3-64 

March 1983; page 3-41 

June 1987; page 3-61 

June 1985; page 3-58 

June 1987; page 3-61 

September 1986; page 3-50 

September 1994; page T-16 

June 1986; page 3-56 

March 1983; page 3-43 

March 1983; page 3-43 

June 1984; page 3-58 

December 1986; page 3-60 

March 1985; page 3-45 
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Sarnia-London Road Mining Assisted Project Devran Petroleum
	

December 1988; page 3-62 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum 

South Texas Tar Sands Conoco 

Texaco Athabasca Pilot Texaco Canada Resources 

Ultrasonic Wave Extraction Western Tar Sands 

Vaca Tar Sand Project Santa Fe Energy Company 

Wabasca Fireflood Project Gulf Canada Resources, Inc. 

Whiterocks Oil Sand Project Enercor 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources 
Petro Canada 

200 Sand Steamflood Demon- Santa Fe Energy Company 
stration Project United States Department of Energy

December 1988; page 3-76 

June 1987; page 3-64 

June 1987; page 3-66 

June 1987; page 3-66 

March 1982; page 3-43 

September 1980 page 3-61 

December 1983; page 3-55 

September 1988; page 3-70 

June 1986; page 3-62 

SYNTHETIC FUELS REPORT, DECEMBER 1989 
3-60 



STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Orcanization Project Name 

Alberta Energy Company Burnt Lake Project 3-37 
Caribou Lake Pilot Project 3-47 
Ipiatik East Project 3-50 
Primrose Lake Commercial Project 3-42 
Suffield Heavy Oil Pilot 3-55 
Synciude Canada Ltd. 3-44 

Alberta Oil Sands Equity Oslo Group 340 
Syncnide Canada Ltd. 3-44 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-46 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-48 

GLISP Project 3-50 
Suffield Heavy Oil Pilot 3.55 
Taciuk Process Pilot 3.55 
Underground Test Facility Project 3-56 

Amoco Canada Ltd. Elk Point 3-38 
(WISP Project 3-50 
Ipiatik East Project 3-50 
Lindbergh Commercial Project 340 
Lindbergh Thermal Project 3-51 
Morgan Combination Thermal Drive Project 3-52 
Primrose Lake Commercial Project 3-42 
Soars Lake Heavy Oil Pilot 3-54 
Suffield Heavy Oil Pilot 3-55 
Underground Test Facility 3-56 

Amoco Production Company Sunnyside Project 3-43 

Bow Valley Industries, Inc. BY! Cold Lake Pilot 3-46 

UP Resources Canada Ltd. Jet Leaching Project 3-5I 
Wolf Lake Project 3-45 

Canada Centre For Mineral & Energy CANMET Hydmcracking Process 3-46 
Technology Underground Test Facility 3-56 

Canada Cities Service, Ltd. Eythill In Situ Steam Project 349 
PCEJ Project 3-52 

Canadian Hunter Exploration Burnt Lake Project 3-37 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 344 
Hanging Stone Project 3-50 
Oslo Group 3-40 
Eyehill In Situ Steam Project 3_49 

CANMET Underground Test Facility 3-56 

C-H Synfuels Ltd. C-H Synfuels Dredging Project 3-47 

Chevron Canada Resources Ltd. Underground Test Facility 3-56 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-40 

CS Resources Pelican-Wabasca Project 3-52 
Pelican Lake Project 3-52 

Deminex Canada Ipiatik East Project 3-50 

Devran Petroleum Ltd. Pelican Lake Project 3-52
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Company or Organization Project Name 

Enercor PR Spring Project 3-53 

Esso Resources Canada Ltd. Cold Lake Project 3-37 
Esso Cold Lake Pilot Projects 3.48 
Oslo Group 3-40 
PCEjPniject 3-52 
Syncnide Canada Ltd. 3-44 
Hanging Stone Project 3-50 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-54 

GNC Tar Sands Corporation Sunnyside Tar Sands Project 343 

Greenwich Oil Corporation Forest Hill Project 3-39 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 348 
Oslo Group 3-40 
Pelican-Wabasca Project 3-52 
Sandalta 3-54 
Syncrude Canada Ltd. 3-44 

HBOG Oil Sands Partnership Syncnsde Canada Ltd. 3-44 

Home Oil Company Sandalta 3.54 

Hudson's Bay Oil and Gas Battn.m In Situ Wet Combustion Project 3-546 

Husky Oil, Ltd. Battnzm In Situ Wet Combustion Project 3-46 
Bi-Provincial Project Upgrader Facility 3-36 
Tucker Lake Pilot Project 3-56 
Athabasca In Situ Pilot Project 3-46 
Caribou Lake Pilot Project 3-47 

Improved Petroleum Recovery Ras Gharib Thermal Pilot 3-54 

James W. Bunger and Assoc. Inc. Asphalt Prom Tar Sands 3-36 

Japanese Ministry of International RAPAD Bitumen Upgrading Project	 - 3-53 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-52 
Hanging Stone Project 3-50 

Kenoco Corporation Kenoco Project 3-51 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-48 
Tar Sand Triangle 3-56 

L'Association pour Is Valorization Donor Refined Bitumen Process 3-48 
des Hades Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-46 
Celtic Heavy Oil Wet Combustion 3-47 
Cold Lake Steam Stimulation Program 3-48 
Fosterton N.W. In Situ Wet Combustion 3-49 
Iron River 3-50 
Sandalta 3-54 
Underground Test Facility 3-56 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-49 
Lindbergh Commercial Thermal Recovery Project 3-40 
Lindbergh Steam Project 3-52 
Tangieflags North 3-55 

NewOrade Energy Inc. Nev.Grade Heavy Oil Upgrader 3-40
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Company or Organization Project Name 

Norcen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-53 

Ontario Energy Resources Ltd. Suncor, Inc. 3-42 

ORS Corporation Electromagnetic Well Stimulation Process 3-38 

PanCanadian Petroleum Elk Point Oil Sands Project 3-39 
Oslo Group 3-40 
Syncrude Canada Ltd. 344 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-46 

Petro-Canada CANMET Hydrocracking Process 3-46 
Daphne Project 3.37 
GLISP Project 3-50 
Hanging Stone Project 3-50 
Oslo Group 3-40 
PCEJ Project 3-52 
Syncrude Canada Ltd. 344 
Wolf Lake Project 345 
Underground Test Facility 3-56 

Research Association for RAPAD Bitumen Upgrading Project 3-53 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTh Pilot Project 3-54 

Saskatchewan Government NewOrade Heavy Oil Upgrader 3-40 

Saskoil Battrum In Situ Wet Combustion Project 3-46 

Sceptre Resources Ltd. Tanglellags North 3-55 

Shell Canada Resources, Ltd. Peace River Complex 3-41 
Scottford Synthetic Crude Refinery 3-42 
Underground Test Facility 3.56 

Solv-Ex Corporation Bitumount Project 3-36 
PR Spring Project 3.53 

Suncor, Inc. Burnt Lake Project 3-37 
Von Kent Thermal Project 3-49 
Suncor 3-42 

Sun Oil Company Suncor, Inc. 3-42 

Synco Energy Corporation Synco Sunnyside Project 3-44 

Texaco Inc. Diatomaceous Earth Project 3-38 

Texaco Canada Resources Ltd. Eyehill In Situ Steam Project 3-49 
Underground Test Facility 3-56 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-44 

Uentech Corporation Electromagnetic Well Stimulation Process 3-38 

Underwood McLellan & Associates Taciuk Processor Pilot 3-55 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-55 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-46 

West Coast Petroleum Ltd. Suffield Heavy Oil Pilot 3-55 

Worldwide Energy Fort Kent Thermal Project 3-49
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PROJECT ACTIVITIES 

FROWNER ENERGY PROJECT WILL USE CCLC 
COPROCESSING TECHNOLOGY 

Under the United States Department of Energy's 
Clean Coal Technology Round 3 Program, the Frontier 
Energy project is the commercial demonstration of a 
state-of-the-art technology for the simultaneous con-
version of high sulfur coal and heavy oil (bitumen) 
to low sulfur, lean burning, Liquid hydrocarbon fuels 
plus the cogeneration of electricity for export. Two 
main liquid hydrocarbon products are produced, a 
naphtha traction which can be used as a high value 
petrochemical feedstock or can be processed further 
into high octane motor fuel; and a low sulfur fuel 
oil that can be used to replace high sulfur coal in 
thermal power plants. Cogenerated electricity, 
surplus to the requirements of the demonstration 
plant, is exported to the utility electrical system. 

Frontier Energy Is a venture involving Canadian 
Energy Developments of Edmonton, Alberta, Canada 
and Kilburn International Ltd. of Tucson, Arizona. 

The technology being demonstrated is the CCLC 
Coprocessing technology in which a slurry of coal 
and heavy oil are simultaneously hydrogenated at 
moderate severity conditions (temperature, pressure, 
residence time) to yield a low boiling range (C5 
975 0 F) distillate product. The distillate product is 
subjected to secondary hydrotreating to reduce the 
conee ntratior, of sulfur, nitrogen and oxygen con-
taminants even further and is then separated into 
naphtha (C 5 -400°F) and low sulfur distillate fuel oil 
(400-975°F) products. The naphtha product, contain-
ing less than 1.0 ppm sulfur and nitrogen each, is 
an excellent petrochemical naphtha feedstock (for 
time production of olefins or aromatics) or, alterna - 
tively, can he processed by a petroleum refiner Into 
high octane gasoline. The low sulfur fuel oil product 
is a clean burning distillate fuel containing less than 
0.1 weight percent sulfur and less than 500 wppm 
nitrogen (compared to the feedstock coal and heavy 
oil which each contain three to five weight percent 
sulfur and up to 1.5 weight percent nitrogen). The 
majority of the sulfur and nitrogen in the feedstock 
coal and heavy oil are recovered as elemental sulfur 
and anhydrous ammonia, thereby controlling SO 2 and 
NO, emissions from the eoprocessing plant. 

Residue from the primary hydrogenation processing 
step, containing unconverted heavy oil residuum, on-
reacted coal, and ash, is combusted in a fluid bed 
combustion (FBC) unit in order to recover its energy 
value and to render the coal ash inert for disposal. 
Limestone is added to the FBC unit to control 502 
emissions. This processing step Is, in fact, the com-
mercial demonstration of FBC technology with a 
liquid/solid fuel, an unreacted oil/coal slurry. 

High pressure, superheated steam from the FBC unit 
is used to generate electricity in a conventional 
turbine/generator system.

The CCLC Coprocessing technology Is being developed 
by Canadian Energy Developments Inc. in association 
with the Alberta Office of Coal Research and Tech-
nology (AOCRT) and Gesellschaft fur Kohleverfius-
sigung mbfl (GfK) of Saarbrucken, West Germany. 
The technology is in an advanced stage of develop-
ment. Two integrated and computerized process 
development units (PDUs), 18-22 pounds per hour 
feed rate, are currently being operated to confirm 
the technology in long duration runs, to generate 
operating data for the design of larger scale 
facilities and to produce sufficient quantities of 
clean distillate product for secondary hydrotreating 
studies and market assessment studies. 	 To dot's, 
Canadian Energy and C. have achieved over 
3,000 hours of PDU experience with Canadian coals 
and heavy oils and additional experience with Ger-
man and United States high volatile coals, including 
Ohio coals. 

Canadian Energy and 61K are planning to modify an 
existing in ton/day coal hydrogenation pilot plant to 
the CCLC Coprocessing configuration and to iso it 
to confirm the coprocessing technology in large pilot 
scale facilities while feeding North American coals 
and heavy oils. Data from this large pilot scale 
facility will form the basis of the design speci rice - 
tion for the Frontier Energy Demonstration Project. 

The demonstration project will process 1,128 tons per 
day of Ohio No. 6 coal and 20,000 barrels per day 
(BPD) of Alberta heavy oil.	 It will produce: 

- 11,700 BPD of petrochemical naphtha 

- 12,200 BPD of low sulfur fuel nil (0.1 weight 
percent sulfur) 

- 20 Megawatts  of cogene rated electricity 

1,140	 BPD	 of	 cnmnmercial	 grade 
propane/butane 

- 148 tons/day of elemental sulfur 

- 25 tons per day of anhydrous mmin:nonia 

PEABODY CC PROJECT BASED ON IC? MILD 
GASIFICATION PROCESS 

Under the United States Department of Energy's 
Clean Coal Technology Round 3 Program, Peabody 
Holding Company is teaming with Bechtel Corporation, 
Combustion Power Company Inc., the Institute of Gas 
Technology (lOT) and Southern Illinois University at 
Carbondale to propose a repowering demonstration 
facility based on lOT's mild gasification process 
which will process 445 tons of coal/day (dry basis). 
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The gasification will produce 277 tons/day of hot 
char that Is directly combusted, along with surplus 
fuel gas from the mild gasification, in a Combustion 
Power Company, Inc., circulating fluidized-bed boiler 
(CFB). The integrated mild gasification/circulating 
fluidized bed (IMG-CFB) boiler will supply high pres-
sure steam to an extraction steam turbine which will 
cogenerate 12 megawatts of electricity and deliver 
146,000 pounds per hour of low-pressure utility 
steam to the Southern Illinois University Carbondale 
campus. The mild gasification process will also 
Produce 410 barrels per day of oils and tars to be 
sold as a chemical feedstock. The addition of lime-
stone to the CPR boiler reduces Its 502 emissions by 
90 percent over uncontrolled emissions. The low-
temperature operation of the CPR minimizes NO  for-
nation; however, a provision is made for the addi-
tion of ammonia In the boiler flue to provide addi-
tional control to reduce NO X emissions to an accept-
able level. 

In	 addition,	 the	 mild	 gasification	 char	 from West 
Virginia	 coal	 will	 be	 investigated	 to	 determine its 
utility	 as	 formeoke,	 a	 substitute	 for	 metallurgical 
coke	 in	 steel	 making.	 Discussions	 with	 industry in-
dicate	 the	 feasibility	 of	 this	 approach. The 
demonstration	 plant	 provides	 the	 large	 scale test 
facility	 to	 produce	 briquetted	 char	 that	 can	 be fur-
ther	 processed	 into	 batches	 of	 10,000	 tons of 
forrncok-e	 that	 are	 required	 for	 a	 full	 scale 
demonstration	 of	 its	 utility	 in	 the	 steel	 industry. 
Thus,	 the	 results	 of	 this	 field	 test	 would,	 if suc- 
cossfut,	 form	 a	 new	 value-added	 market	 for coal 
which	 will	 improve	 the	 overall	 economics	 of the 
iMG-CFB	 process.	 The	 mild	 gasification	 char will 
also	 be	 tested	 for	 Its	 utility	 as	 smokeless	 fuel and 
as	 low-cost activated carbon.

The total cost of the five-year project is estimated 
at $120,000,000. 

MIDLAND COGENERATION AND CALIFORNIA CARBIDE 
PROPOSE HIGH-TEMPERATURE FLASH GASIFICATION 

Under the United States Department of Energy's 
Clean Coal Technology Round 3 Program, Midland 
Cogeneration Venture (MCV) of Midland, Michigan, 
and California Carbide Company (CCC) of Costa Mesa, 
California, propose to construct and operate a 
200-ton per day demonstration plant utilizing the 
CCC Flash Desulfurizing Gasification (FDG) Process. 
The demonstration plant will produce a sulfur-free, 
low-BTU fuel gas which will be compressed to 
405 psia and blended with the natural gas feeding 
MCV's existing 1,370 megawatt combined cycle plant. 

The CCC FOG process uses ultra-high temperature 
radiative heat transfer at about 4,000°F to react an 
entrained stream of finely-divided coal and limestone 
mixture, directly with air to form a chemically clean 
fuel gas and a slag which captures sulfur from the 
coal as calcium sulfide. The CaS is held by dissolv-
ing into molten silicate slag droplets.

The droplets radlatively quench into spherical solid, 
free-flowing vitreous shot upon leaving the gasifier. 
Because of the close proximity of the coal and the 
Limestone within each reacting particle, the reaction 
of all forms of sulfur within the coal (organic, 
pyritic, or suifatic) with the limestone Is complete, 
and does not rely on gas-solid contacting for 
removal of sulfur. 

According to MCV, the FOG process can be used to 
prepare a clean fuel gas from coat for the following 
applications: 

- Retrofit of existing pulverized e..,nl, oil or 
gas fired power plants to burn a clean coal 
derived fuel gas. 

- Retrofit of existing combined cycle plants to 
burn coal derived fuel. 

- Repowering of existing coal, oil, or gas fired 
plants with combustion turbines burning coal 
derived fuel gas. 

- New Integrated Coal Gasification Combined 
Cycle plants. 

New Rankine cycle (steam) plants. 

The demonstration plant, which will be the first step 
in the possible retrofit of an existing 
1 1 370 megawatt combined cycle plant, is designed to 
operate with a throughput of 200 tons per da y of 
Illinois No. 6 coal, which has a sulfur content of 
3.7 percent and a moisture content of 4.2 percent. 

To demonstrate the wide applicability of the Ft)G 
process, the facility will be designed with sufficient 
flexibility to run on virtually any available United 
States coal ranging from anthracite to lignite, and 
will be able to demonstrate the process at at-
mospheric pressure as well as at a system design 
operating pressure of 182 psia. 

The demonstration plant when in operation will 
produce about 24,000,000 standard cubic feet per 
day of fuel gas with a caloric value of 171 3TLJ 
(hhv)/standard cubic foot. The fuel gas produced 
will be essentially free of sulfur and its high 
hydrogen content will mitigate against the production 
of nitrogen oxides when combusted. The demonstra-
tion plant will produce about 40 tons per day of an 
Inert dry ash which is suitable for disposal in it 
Class ill landfill.	 No liquid or gaseous wastes wilt 
be produced by the demonstration plant. 

The demonstration plant will incorporate the follow-
ing components; (1) a feed preparation system for 
slurry grinding, drying, and feeding the mutually-
encapsulated coal-limestone cohesive mixture; (2) an 
entrained flow flash gasifier, which is augmented 
with electrical heating for startup and maintenance 
of the gasifier temperature; (3) a sensible heat 
recovery system to cool the fuel gas to tempera-
tures appropriate for ash particulate removal by 
fabric filters; and (4) steam-driven compressors which 
'viii raise the gasifier air feed to the design 
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182 psia operating pressure of the gasification sys-
tem and for raising the final fuel gas to 408 psia 
for introduction into the cogeneration plant fuel gas 
header.

C-E is a large diversified engineering and construc-
tion firm and will participate in the proposed 
repowering program, which they will cost share. 

A five year demonstration is proposed. 

The capital cost of the 200-ton per day demonstra-
tion plant is estimated to be $31,100,000. It is es-
timated that the annual operating costs will be 
$8,642,000,	 for a total project	 cost of about
S1,434,000 over the five-year life of the project.

The Department of Energy and Natural Resources for 
the State of Illinois is providing financial support 
through the coal bond fund. 

Cyprus Coal Company will make an in-kind contribti-
tion by donating the coal to be used during the 
project. 

M-C POWER PROPOSES COAL GAS FIRED FUEL CELL 
DEMONSTRATION 

Under the United States Department of Energy's 
Clean Coal Technology Round 3 Program M-C Power 
Corporation is proposing a demonstration project to 
repower existing coal-fired power plants with cool 
gas-fueled IMFILX molten carbonate fuel cells (MCFC). 
The proposed coal gasification/ MCFC system can be 
used to fully or partially repover existing power 
plants regardless of the fossil fuel for which they 
were initially designed.	 This repoaeri ng should 
result	 in	 flare	 economic  plants,	 with	 greater
capacity and reduced emissions of SO., and NON. 

Molten	 carbonate	 fuel cells have	 been under 
to lop no it at the Institute of Gas Tech nob gy (lG T) 

for approximately 30 years. The IMHEX configuration 
is a novel advanced molten carbonate fuel cell 
dei gned to eli rninate many of the problems ex -
perienced by previous molten carbonate fuel cell 
concepts. 

The tie moris tration facility will he located at lUT's 
Energy Development Center in Chicago, Illinois. This 
site has been designated by the United States 
Department of Labor as a labor surplus area.	 The 
demonstrition .ill use IGTh existing U-GAS coal 
gasifier and will produce 500 kilowatts of 
electricity. 

The demonstration project will begin April 1, 1.991 
and will be completed September 30, 1994. Total 
estimated cost of the project is 522,700,000. 

Participants in this demonstration project are: 

M-C Power Corporation, is a licensee of the IMHEX 
technology, and has been established to sell, 
manufacture, and service IM'dEX molten carbonate 
fuel cells for utility, commercial, and on--site ap -
plications. 

M-C Powers project team is comprised of ICT and 
Combustion Engineering, Inc. ICT, a not-for-profit 
energy research and development organization, is the 
inventor and owner of the IMUEX molten carbonate 
foci cell technology.

GENEVA STEEL TO DEMONSTRATE GASIFIER-BASED 
COREX IRONMAKING PROCESS 

Under the United States Department of Ene rgyOloon 
Coal Technology Round 3 Program, Geneva Steel of 
Provo, Utah proposes to demaonst rate a new ira,, nak - 
ing process. 

The CO REX iron making process developed by Dctm U cite 
Voest-Alpine Industrieanlagenhau C MOM (DV U) hamz 
been tested in a 66,000 net tons per year pilot 
plant in 'Nest Germany and in a 330,00 ton per 
year plant at Is cor, South ½ fri cc, us ag a r,, nga Of 
coals and iron ores. 

Iron 'oak lag by the traditional rake oven/blast ft, ru eat 
process creates a number of en 'iron rnentl I con cern]. 
These concerns are principally associated wit, the 
coke making process, .v hi ch in vol vp_s th -s carbonization 
of coal in a reducing atmosphere in sea led ovens. 
The gases that escape do ring charging of the ),ens 
with coal and during the withdra .al of coke ,tre as-
sentially fugitive e nissiorts that requir elaborate and 
expensive collection facilities for capture. itegult - 
tions pertaining to coke oven gas are stringent. 

The COREX process involves a liquid ironna<ing 
facility similar to a blast furnace. The Chit:x 
process is, however, di tided into an tipper and lo 'er 
reactor.	 The upper reactor operates as I, counter-- 
current hot gas floe-, moving bed, direct reduction 
shaft furnace. It prudu cas sponge iron fro fl iron 
ore and a coproduced, desulfurized, median BT(; ex- 
port gas.	 The lover reactor operates as an oxygen 
blown, inciter gasifier.	 It melts the sponge iron
produced in the upper reactor, produces the reducing 
gas utilized in the upper reactor through the 
gasification of coal charged into the to-icr reactor, 
and produces  hot net a I. 

The COREX process exemplifies an emerging clean 
coal technology. The materials handling and transfer 
system is enclosed,	 resulting in fewer '3 tiss ions. 
Moreover, the high temperatures of the melter 
gasifier prevent the formation of coal tars and other 
substances formed during the coking process, vhich 
process is completely eliminated. 
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The performance of the COREX process in pilot plant 
tests has been encouraging. Geneva Steel believes 
that the next step in the evaluation of the COREX 
process should be the installation of a 770,000 ton 
per year demonstration unit that is designed for 
long-term, continuous operation. The continuous 
operation of a demonstration plant is necessary 
(1) to assess the service life of refractories, equip-
ment and other components associated with the 
process, (2) to establish the ability of the process 
to utilize United States coals and iron ores, (3) to 
determine the plant's ability consistently to meet 
United States environmental regulations and (4) to 
assess the economic viability of the process. 

Geneva Steel, in cooperation with OVAl, is seeking 
$120 mutton in federal funding for the $368 million 
project to demonstrate production of high-quality hot 
metal from United States coals and iron ores. The 
plant will be incorporated into the operations of 
Geneva Steel's integrated steel plant to demonstrate 
its viability in a commercial setting. 

Geneva Steel anticipates that the proposed 
demonstration plant will show that the COREX 
process has the following benefits as compared to 
conventional coke oven/blast furnace technology: 

- Lower air and water pollution 

- Lower production costs 

- Less-stringent coal grade requirements 

- Lower construction costs 

- Easier start-up and turndown 

- Production of a clean, medium-BTU export 
gas 

Demonstration of such benefits should lead to the 
commercialization of the COREX process. According 
to the sponsors, the commercialization of the COREX 
process will provide the United States coal and steel 
industries with the following benefits: 

- A means of replacing worn-out coke plants 
in areas with environmental compliance 
problems. 

- A greater selection of available coals for 
iron making. 

- A reduction in ironmaking costs. 

- A greater ability to compete internationally. 

- A reduced reliance on imported coke and 
steel, thereby enhancing United States com-
petitiveness and national security. 

- A means to modernize ironmaking facilities, 
thereby preserving the domestic coal and 
steel industries.

fin

AIR PRODUCTS AND DAKOTA GASIFICATION TEAM UP 
FOR LIQUID PHASE METHANOL DEMONSTRATION 

In response to the Department of Energy's Clean 
Coal Technology Round 3 solicitation Air Products 
and Chemicals, Inc. and Dakota Gasification Company 
have submitted a proposal titled 'Commercial Scale 
Demonstration of the Liquid Phase Methanol (LPMEOII) 
Process." If selected, a joint venture between Air 
Products and Dakota would conduct a cost-shared, 
demonstration project at Dakota's Great Plains Syn-
fuels Plant in Beulah, North Dakota. The proposed 
LPMEOU process demonstration will produce 500 tons 
per day of methanol from coal-derived synthesis gas. 
LPMEOII technology offers significant potential to 
reduce electric power generation costs and prnvlde 
for alternative liquid fuels. 

Coal Gasification Combined Cycle (CGCC) is the 
cleanest technology for generating electric power 
from coat. The LPMEOII technology was developed 
specifically to be used with CGCC to reduce capitol 
costs and to improve the flexibility of electric 
power production by efficiently storing energy in the 
form of methanol. The LPMEOII process has been 
shown at pilot scale to be suited for use wiU, syn-
thesis gas produced from all of the major coal 
gasifiers. 

Alcohols, such as methanol and ethanol, are receiving 
increasing attention as environmentally acceptable 
supplements to conventional, petroleum-bused fuels. 
These are clean,	 versatile fuels which may be 
blended or used directly.	 Alcohols are the fecdsto':k
for making ethers which are Mended into the 
gasoline pool to enhance octane and reduce 
hydrocarbon emissions. Fuel-grade methanol produced 
at Great Plains by the LPMEOII process will he used 
In tests to demonstrate its suitability for boiler, 
turbine, and transportation fuel applications. 

About	 10 percent	 of the synthesis	 gas	 currently 
produced at	 the Great Plains plant	 will he	 converted 
to	 make 500	 tons	 per day of	 methanol,	 Mille Ic	 the 
remaining synthesis	 gas will continue	 to	 be	 used	 in 
making substitute natural	 gas.

The proposed demonstration project is the culmination 
of several years of bench-scale and pilot plant 
development of the technology. Tests in time 
Department of Energy's 10 ton per day process 
development unit at LaPorte, Texas, have confirmed 
the readiness of the technology to advance to the 
demonstration scale. Over 8,00 hours of operations 
have shown that the process performs with highly 
concentrated catalyst slurries at high production 
rates, with an on-stream reliability of 99 percent. 
The process responds favorably to rapid, steep 
changes in throughput, a feature of LPMEOH technol-
ogy essential for CGCC load following operations. 
The methanol as produced may be used directly as a 
motor fuel without further upgrading. 

Important issues which will be resolved under the 
proposed demonstration are: 
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- Successful scale-up of the slurry reactor 
hydrodynamics 

- Long-term operation on real coal-gas 

- Demonstration of fuel-grade methanol quality 
by user tests in transportation, boiler, and 
combustion turbine applications 

- Confirmation of commercial economics for the 
LPMEOH process 

A	 six-year	 program	 Is	 estimated	 to	 cost
.3213 million.

lfltn 

BYPRODUCT DEVELOPMENT EFFORTS CONTINUE AT 
GREAT PLAINS PLANT 

When Basin Electric Power Cooperative's newly 
formed subsidiary, Dakota Gasification Company 
(DCC), took over the Great Plains Synfuels Plant late 
last year,	 the challenge was to seek long-term 
financial stability of the project. This long-term 
stability was planned to be accomplished by achiev-
ing cost reductions, operating the plant at maximum 
production levels and pursuing the development of 
byproducts. 

For the past year, the synfuels plant has produced 
synthetic natural gas at levels approximately seven 
percent above the 138 million cubic feet per day 
total that had been projected in the Asset Purchase 
Agreement with the United States Department of 
Energy (DOE).	 Production	 costs	 have	 been
12 percent below cost projections. 

As for byproducts, in addition to Increasing the 
volume of sulfur and nitrogen being sold, contracts 
have been signed for krypton/xenon rare gases that 
are available from the large air separation units. 
Engineering is underway for extracting phenol and 
prospects are being pursued for selling other 
byproducts. 

DCC signed a contract with the Linde Division of 
Union Carbide Industrial Gases, Inc., this summer for 
all the krypton/xenon gases available from the air 
separation units (oxygen plant). 

The	 sale	 requires	 a	 capital	 investment	 of 
$4.3	 million	 and	 will	 provide	 approximately 
$1.5 million in annual revenues. By one estimate, 
the United States supply of krypton/xenon gases will 
increase by 35 percent when the DCC capital addi-
tion goes on line In late 1990. 

The DCC board approved a $21 million capital in-
vestment for a facility to produce phenols that are 
used to make resins. 

Production is expected to be under way by the end 
of 1990. It Is projected that sales of phenols will 
pay back the facility's investment in less than two 
years.

Opportunities for synergism between the synfuets 
plant and the adjacent electrical generating plants 
owned by Basin Electric are illustrated by the 
potential of carbon dioxide (CO 2 ) byproduct develop-
ment, says DCC. 

The state of North Dakota and the province of Sas-
katchewan are currently promoting the use of CO2 
for enhanced oil recovery in the Williston Basin. 
Liquefying all the CO 2 produced at the plant would 
create an electrical load of about 60 megawatts for 
the Antelope Valley generating station and an equiv-
alent toad would be created in the oil field. Basin 
Electric and its members would benefit from in-
creased electricity sales during an extended oil field 
life, while DCC would earn additional revenues Iron 
CO 2 sales. 

CALOERON APPLIES FOR THIRD ROUND CCT FUNDING 

Calderon Energy Company of Bowling Green, Ohio has 
applied for federal aid under the Clean Coal Toch-
nology Round 3 Program. The company ,vas &ansiIc-
cessful with previous submissions in Round 1 and 
Round 2. 

The Calderon project, to be sited near Bowling 
Green, Integrates the processing of coal to low-BTU 
fuel gas and its conversion to electric power ;,itii 
the coproduction of syngas and iLs conversion to 
methanol. The project would produce 67 megawatts 
of power and 613 tons of methanol per day. 

This project uses a proprietary technology (Calderon 
Process). The Calderon Process is said to combine 
novel approaches for the efficient production of 
clean energy products from coal through the steps 
of pyrolysis,	 char	 gasification,	 and integrated 
regenerative hot gas cleanup. 	 The hot gas cleanup
is unique by directly yielding elemental sulfur. 

The total cost of a five-year program is listed as 
$215 million.

n4 

WRI STARTS UP NEW-DESIGN MILD GASIFIER 

The Western Research Institute (WRI) in Laramie, 
Wyoming has successfully started up a 100-pound per 
hour process research unit testing a new mild 
gasification process for Wyoming subbituminous coal. 

WILL was one of four research organizations chosen 
by the Department of Energy Morgantown Energy 
Technology Center in 1987 to develop various ap-
proaches to the mild gasification concept--a tech-
nique in which coal is heated at relatively low tem-
peratures and pressures in an oxygen-free environ-
ment to produce liquid, solid and gaseous coproducts. 
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Will's $800,000 research unit produces char, oil, pitch 
and fuel gas--products that, together, could have a 
market value that could make mild gasification more 
economically attractive than earlier, single-product 
synthetic fuel processes.

The fuel gas can be used as fuel for electricity 
generation or In a mine. 

The process research unit uses two inclined fluidized 
bed vessels developed by Will and fabricated by 
Riley Stoker Corporation. 

Char from the facility will be converted to pure 
carbon by AMAX Research and Development Center in 
Golden, Colorado. The carbon will be used primarily 
to make electrodes for aluminum production. 

Liquids are separated by condensation in spray cham-
bers at successively lower temperatures producing: 

- Dirty pitch for use in treating dried coal 

- Clean pitch which can be used as a binder 
in anode manufacturing 

- Heavy oil that, when blended with diesel 
fuel, carl run mine-site equipment 

- Light oil which could he used as gasoline 
blending stock or fuel oil

The first dries the coal (which typically has moisture 
contents of 25 percent to 30 percent). 

The second employs the inclined fluidized bed mild 
gasification process, using a cross-flow of inert 
sweep gas to drive off the volatile hydrocarbons, 
reducing secondary reactions and thereby prodaoin.g 
maximum yields of the highest-value coproduct: 
clean pitch. 

The facility was built as part of a three - year, 
$3 million contract with the Energy Department. 

The planned next step is a 10 ton per day pilot 
unit. 
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CORPORATIONS 

SCI AND SHELL FORM TEK-KOL, ENCOAL AND OTHER 
UNITS TO DEVOP LFC PROCESS 

The LEG Proa, 

Sc! International of La Jolla, California, has 
developed a proprietary coal treatment technology 
(LFC Process) that produces a dry, high heating 
value solid fuel (Process Derived Fuel or PDF), coal 
gases and hydrocarbon liquids. The LEG (Liquids 
From Coal) Process removes moisture content of the 
coal, increasing the heating value and produces light 
distillate oils In the range of 0.5-1.0 barrels per 
ton, depending on the coal type. The LFC Process 
yields two products, liquids (oil) and solid fuel (PUP), 
and the process optimizes not the individual product 
yield, but rather the combined product value of PDF 
and liquids. The low temperatures (close to 1,0000F) 
and low pressures (close to atmospheric) utilized by 
the LFC Process result in low capital and operating 
costs compared to conventional coal conversion 
processes. 

The hydrocarbon liquids produced by the LEG Process 
are usable as liquid fuel and as feedstock for 
petrochemical processing. SW believes that the 
.narket for PDF is also substantial; it is a low sulfur 
and high energy fuel, 	 that many existing coal-



burning power plants can utilize for reduced fuel 
cost,	 increased efficiency and enhanced emissions
control. 

The LEG Process attempts to convert only a part of 
the coal so that high quality petroleum-type liquids 
are produced at low pressures and temperatures. 
Most of the original heating value of the coal Is 
retained in the solid PDF product. 

The LPG Process involves the movement of crushed 
coal in a retort operating at near atmospheric pres-
sure in an inert, oxygen-free atmosphere. The 
operation of the retort is governed by a com-
puterized control system developed by SC! which ad-
justs the temperature, gas flow and other process 
variables according to the Incoming coal quality and 
the desired quantities of oils and distillate liquids. 
A computer program enables the process to be op-
timized for each coal type. 

ENCOAL CCT Project 

ENGOAL Corporation, a wholly owned subsidiary of 
Shell Mining Company of Houston, Texas, proposes for 
cost sharing under the United States Department of 
Energy's Clean Goal Technology Round 3 Program a 
1,000 ton per day mild gasification plant at Shell's 
Buckskin Mine in Northeastern Wyoming. The 
demonstration plant would utilize the LFC technology 
developed by 501 International. 

The proposed demonstration plant would be put in 
service by the first quarter of 1992. 	 The plant

would be designed and operated as a small commer-
cial facility and would be expected to produce suf-
ficient quantities of POP and coal-derived liquids to 
conduct full scale test burns of the products in in-
dustrial and utility boilers. Feed coal for the plant 
would be purchased from the Buckskin rune which is 
owned and operated by Triton Coal Company (a 
wholly owned subsidiary of Shell Mining Company). 
Other United States coals may be shipped to the 
demonstration plant from time to time for test 
processing, since the process appears to work veil 
on lignites and some Eastern bituminous coals. 

A Permit to Construct has been received trot the 
Wyoming Department of Environmental Quality, Air 
Quality Division for the demonstration plant. It was 
approved on the basis of the use of best available 
technology for the control of SO x,	 NOx 
hydrocarbons and particulates. There will be no 
waste water and source water require ilenti .v ill be 
very small. 

ENGOAL would contract for ongineering, procure loot 
and construction services from The M.W. XoIlog 
Company. SC! would furnish technical services. 

The plant will process 1,000 torts of coal per day 
and produce 150,000 harrdls of liquids per year ifirs 
340,000 torts of upgraded solid fuel. 	 It is	 xpnm2terl
to cost $73,000,000. 

TEK-KOL Partnership 

SC! recently signed an agreement with Shell Mining 
Company (5MG), providing for 50/50 joint ownership 
of the LEG Process technology through the formation 
of TEK-KOL Partnership to license the LEO process 
world-wide. 501 received initial payment of 
$900,000 under the agreement. 

SGI is designated as the Licensing Oontr.sctor for 
TEIC-KOL and will receive an increased share of fu-
ture royalties for those services. 5MG will receive 
an exclusive license for the Powder River Basin coal 
region and, elsewhere, non-exclusive license rights 
for 5MG and Shell affiliates. 

In the Unites States, both eastern and 'vaster', coal 
producing areas will be evaluated by iER-KOL for 
marketing LFC products and for licensing of LEG 
Process plants. Western coals are generally low in 
sulfur but also are of low heating value because of 
high moisture content. The LEG Process dries and 
upgrades these coals for sale into the rapidly-
expanding markets for low-sulfur, high-heating fuel. 
Eastern coals are generally of high-heating value, 
but contain much more sulfur. For eastern coals, 
the LEG Process is being adapted to produce oils 
and a low-sulfur compliance coal for power plants 
presently committed to burn eastern United States 
coals. Such clean coals are expected to command a 
premium price by eliminating or reducing the need 
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for costly stack gas scrubbing in existing power 
plants. 

The Colstrip Cogeneration Project 

In 1985, Montana One Partners (MOP), was formed to 
develop, construct, manage and maintain an LFC 
Cogeneration plant in Colstrip, Rosebud County, Mon-
tana. SC! is the sole general partner and one of 
two original limited partners of MOP. 

In 1987, this 35 megawatt project was separated 
Into two independent units, the 35 megawatt power 
unit (Coistrip Project) and the LFC Process unit. 
Separation of the project into two independent units 
required a new license from the Federal Energy 
Regulatory Commission, which was granted In Oc-
tober, 1987. 

In April, 1988, MOP entered into an engineering 
procurement and construction contract with Bechtel 
Construction, Inc. for the Coistrip Project (i.e., the 
power unit). The project construction started in the 
third quarter of 1988, with completion scheduled for 
the second halt of 1990. 

In %ugust, 1988, MOP sold all of its interest in the 
Colstrip Project to four individuals. These four in-
dividuals are the shareholders of Rosebud Energy 
Corporation, a Montana corporation. 

In July, 1988 construction and long-term financing 
was obtained for the Colstrip Project. The invest-
ment banking firm of Ladenburg, Thalmann & Com-
pany,	 Inc.	 structured and arranged this project 
financing. The project lenders, Bank of New 
England, N.A. and Trust Company of the West are 
providing up to $70,734,000 of construction financing 
and up to $56,984,000 of long-term financing for the 
Colstrip Project. Equity funding of $22,750,000 is 
being provided by an affiliate of Bechtel Develop-
meat Company and a subsidiary of Pacific Gas and 
Electric Company, a California public utility, which 
are the limited partners of Colstrip Energy Limited 
Partnership (CELP). CELP has become the new owner 
of the Colstrip Project.	 The general partner of
CELP is Rosebud. 

Other Entities 

SC Technology, Inc., a wholly owned subsidiary of 
SC! International, was organized for the principal 
purpose of taking primary responsibility for the com-
mercialization of the LFC Process and for other re-
lated business activities. 

SGI Australia Pty. Ltd. (SGIA) is an Australian cor-
poration established to pursue commercial develop-
ment of the LEG Process in Australia. SGI continues 
to support LEG opportunities in Australia. SGI 
produced samples of processed coal and liquids from 
Loy Yang coal in its process demonstration unit In 
Pittsburgh. An analysis of the samples by the Coal 
Corporation of Victoria indicates that the PDF 
processed from Loy Yang coal can be marketed as a 
high-quality steam coal and that the LFC liquids can 
be successfully sold into existing fuel oil markets.

SGIA has prepared a proposal for preliminary 
development funding for a large-scale, 10,000 tons 
per day LFC plant to be located in the State of 
Victoria.	 A large Australian company is reviewing 
this proposal. SGIA says it is intensifying Its ac-
tivities to develop markets for LFC products in the 
Pacific Rim and in Europe. 

flu 

TAMPELLA LICENSES U-GAS PROCESS 

The	 Institute	 of	 Gas Technology (ICT), Chicago,	 Il-
linois,	 has	 licensed	 a division	 of Tampella	 Inc.,	 of 
Tampere,	 Finland,	 to use	 IGT's U-GAS pressurized 
fluidized bed process. Tampella and !GT will	 build	 a 
35-GO ton per day,	 450 pslg	 pilot unit.

The unit is to be used to train Tamcil:t en'ineers 
and prepare the system for the gasification of wood 
waste and peat. 

Tampelln plans to develop a 20-megawatt demnuotra-
tion plant by the end of 1991. 

Tampella will have licensing rights in some parts of 
the world for the use of the U-C AS process for 
power and fuel gas production. 

Tampella's primary interest is to use the 11-G AS 
process in integrated combined-cycle plants. 

CR1 PHASES OUT COAL GASIFICATION EFFORTS 

The Gas Research Institute (GEl) 1990-1994 Research 
and Development Plan and budget show a continuing 
decline of support for coal gasification efforts. 

External factors of particular importance that CR1 
says it considered in developing the 1990-1994 
Research	 and	 Development	 (R&D)	 Plan arc
(1) continued downward pressure on all fossil fuel 
prices, (2) Increased competition from petroleum, 
(3) continued gas-to-gas competition and expanded 
open-access transportation, (4) the low level of gas 
well completions In the United States, (5) continued 
reduction in the size of the "gas bubble," (6) the 
current outlook that adequate supplies of natural gas 
can be provided through the remainder of this cen-
tury. 

The total obligations budget proposed for 1090 is 
$183.0 million, $8.1 million more than the 
$174.9 million proposed for 1989 and 1990 in last 
year's Plan. The $183.0 million Is a constant-level-
of-effort budget, adjusted upward by 4.6 percent 
compared to 1989 to account for projected inflation. 
The $183.0 million will support a 1990 total R&D 
obligations budget of $174.0 million, $7.7 million 
(4.6 percent) higher than the 1989 R&D obligations 
budget.	 CR1 proposes to keep total funding at the 
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$183.0 million level (1990$) for the entire five-year 
time frame of the 1990-1994 R&D Plan. No program 
growth is proposed beyond 1990. 

With respect to program balance, 29.0 percent of 
the 1990 budget is allocated to supply research, 
52.2 percent to end-use research, and 14.9 percent 
to gas operations research. 

In broad terms, the proposed CR1 1990 R&D program 
(1) provides Increased support for natural gas supply 
R&D while further reducing funds for research on 
substitute natural gas (SNC), (2) maintains a focus on 
end-use R&D and (3) supports a growing progran to 
reduce the operating and maintenance costs and ex-
tend the useful life of the transmission and distribu-
tion systems. 

CR! plans to increase the proportion of funds 
directed toward Supply Options R&D to 29.0 percent 
of the total R&D obligations budget in 1990, corn-
pored to 27.2 percent in 1989. This budget alloca-
tion reflects the net effect of (1) increased support 
for advanced technologies to recover gas more ef-
fectively from tight-formation resources and known 
gas fields and for technologies to reduce the cost 
of gas processing, and (2) further reduction of fund-
ing for 5MG R&D. As shown in Figure t, the R&D 
focus within Supply Options continues to be on 
developing technologies--some of which are already 
nearing commercial use--to help ensure that ade-
quate supplies of cost-competitive natural gas are 
available in the near tern, for the remainder of this 
century, and into the next. Research on coal 
gasification has been dropped from the Supply 
Program budget.

FIGURE 1 
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CR1 plans to reduce 1990 funding for research re-
lated to SNG supply sources by approximately 
25 percent compared to 1989 funding. For 1990-
1994, CR1 will conduct all research on gasification 
of coal and on conversion of biomass to methane 
within only the Basic Sciences program. This 
research continues to be long term and fundamental 
in nature, aimed at providing the scientific and en-
gineering basis for 5MG technologies that could con-
tribute to the energy portfolio in the post-2000 time 
frame. 

Basic Research 

CR1 continues to support three broad types of basic 
research as part of its Basic Research Strategic 
Plan. These are (1) "knowledge-building" basic 
research on fundamental phenomena of potential 
relevance to gas supply, transport or end use, 
(2) 'technology base" basic research to overcome 
identified technical harriers impacting the perfor-
mance or cost of technologies or techniques being 
developed with CR1 support, and (3) 'exploratory" 
basic research on promising new concepts that are 
beyond the realm of pure science but insufficiently 
defined to be Included in any CR! applied R&D sub-
program. 

Table 1 presents 1989 and 1090 contract R&D 
obligations budget data for the CR1 Basic Sci,,,icos 
program area, consisting of those project areas in 
which	 knowledge-building and	 exploratory	 basic 
research are being pursued. (Technology base 
research is incorporated within the various Gal ap-
plied R&D project areas.) The contract R&D obliga-
tions budget for the Basic Sciences program area has 
been increased in 1990 to $22.2 million, comprising 
14.4 percent of the total CR1 contract R&D btsdgat, 
compared to $20.7 million (14.1, percent) in the 1989 
contract R&D budget. 

The basic sciences effort emphasizes the development 
of an understanding of (1) geosciences and the 
physical and chemical behavior of oat'sr,,l gas, 
(2) combustion, heat and mass transport, and energy 
conversion phenomena, (3) methane reactions other 
than combustion, (4) the properties of high-
temperature materials, (5) the properties of enhanced 
materials for gas transport, (6) the physical and 
chemical properties of gas mixtures, (7) the science 
underlying gas separation technology, and (8) the 
fundamental	 mechanisms	 involved	 in	 advanced
processes for producing 8MG from coal or renew-
shies.	 CR! plans to increase funding in 1990 for 
several	 basic	 research	 areas,	 including
(1) Ceosciences, (2) End Use Bioengineering, (3) Com-
bustion, and (4) Piping Materials Research. 	 On the
other hand, CR! plans to reduce funding in 1990 for 
(1) Gasification Chemistry--Inorganic Sources 
(reflecting discontinuation of research on converting 
water and carbon dioxide to gaseous fuels and the 
movement of research on hydrogen sulfide conversion 
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TABLE 1 

APPROVED 1989 AND PLANNED 1990 W'ITIIACI' R&D BUDGETS
FOR cai 'S BASIC SCIENCES PI&J]BAM AREA 

Obligations ($1000) 
Project Area 1989 1990 

Coal Sciences 2,250 2,000 
Gasification Chemistry--Inorganic Sources 400 0 
Geosctences 2,700 3,600 
Gas Supply Bloengiaeerlag 2,650 2,150 
Advanced Gas Separation Science and Technology 970 970 

Subtotal:	 Basic Sciences--Supply Options (8,970) (8,720) 

Contustlon 2,500 2,050 
Heat and Mass Transport Sciences 1,505 2,000 
Energy Conversion Fundamentals 000 850 
High-Teaperature Materials 500 650 
Methane Reaction Science 2,305 2,485 
End Use Bioengineering 1,200 1,650 

Subtotal:	 Basic Sciences--End Use (8,010) (10,585) 

Piping Materials Research 675 800 
Gas Flow Research 300 300 

Subtotal:	 Basic Sciences--Gas Operations (975) (1,100) 

Properties Research 11300 1,150 
Subtotal:	 Fundamental 	 Sciences (1,300) (l,t50) 

Exploratory Concepts 500 600 
Subtotal:	 Exploratory Research (500) (600) 

TOTAL 20,655 72,155

and small-molecule redox systems into other project 
areas in the basic sciences research program), and 
(2) Gas Supply Bloengineering (reflecting reduced em-
phasis on biogasification research). 

Substitute Natural Gas Supply 

The GRE Baseline Projection (which assumes successful 
introduction of selected advanced technologies result-
ing from R&D) estimates that existing coal gasifica-
tion technology will play a very small role in the 
overall supple mentals picture, providing less than 
0.05 quads of gas in 2000 and 0.1 quads in 2010. 
This assessment reflects current Gill views regarding 
the expected availability of adequate supplies of 
moderately	 priced natural gas	 over the next 
25 years. 

In view of this assessment, all Gill coal gasification 
research is now long-term and fundamental in nature 
and will be pursued only within the Coal Sciences 
project area. 

Coal Sciences 

SNG from coal can substantially extend gaseous fuel 
supplies but converting coal into gaseous fuels that 
are cost competitive with natural gas is not easy to

achieve says GRI. However, coal gasification repre-
sents a hedge technology that could contribute to 
the United States energy picture In the long term. 
Fundamental research on advanced gasification 
processes is necessary to overcome present technical 
limitations, focusing on lower-temperature processes 
that could reduce gas production costs.	 Over the 
long term,	 the magnitude of the nation's cool 
resource establishes the desirability of finding 
economical, environmentally acceptable technologies 
for coal gasification. 

Therefore GRI plans to identify and evaluate scien-
tific and engineering breakthroughs in coal gasifica-
tion technology that can offer the possibility of sig-
nificantly reducing, i.e., by 25 to 40 percent, the 
cost of producing SNG from coal compared to exist-
ing coal gasification technologies. The cost target 
established is $3.50 per million BTU (1988$) in the 
year 2000. 

In broad terms, the strategy of this project area is 
to pursue laboratory and limited pilot-plant research 
that will (1) develop advanced coal gasification 
processes, (2) investigate the chemical fundamentals 
of numerous elementary reactions so as to promote 
the facile fragmentation of coal macromolecules Into 
gaseous or more easily gasified products, and (3) in-
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vestigate the mechanisms and chemistry of methane 
formation and release in coal beds. Research cur-
rently in progress Is evaluating several unique 
gasification approaches including ultrasonic gasifica-
tion, gas-phase catalysis, rapid-rate pyrolysis, In situ 
desulfurizing-catalytic fluidized-bed coal gasification, 
and biological gasification. 

TEXACO TO BUY COOL WATER, USE IT TO BURN 
SEWAGE SLUDGE 

Texaco is negotiating with Southern California Edison 
(SCE) to purchase and operate the Cool Water coal 
gasification plant in California. For the past five 
years Texaco and partners ran the Cool Water 
demonstration prograin involving a combined cycle 
coal gasification process burning a wide variety of 
coals. 

At the end of the program last June, ownership of 
the plant passed to Southern California Edison. 
After it acquires the plant, Texaco plans to mix

sewage sludge with the coal in a new application of 
the entrained flow coal gasification process. Added 
capital Investment for modifications will be made 
with a view to restarting the plant in early 1992. 

Texaco said it has demonstrated in pilot studies con-
ducted at its Montebello research laboratory in 
Southern California, that sludge can he mixed with 
coal and, at temperatures of 2,500°F and pressures 
of 600 psi, gasified to produce a clean synthesis 
gas. 

Modifications required to accommodate the use of 
sludge at Cool Water would primarily deal with the 
handling and processing of sludge, preparation for 
changes in feedstock, and additional components to 
make sure it is environmentally safe. 

Acquisition of the plant is conditioned upon finaliz-
ing terms of the purchase agreement and eo.npleting 
negotiations with SCE for the sale of electricity to 
be produced at Cool Water, 
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GOVERNMENT 

ENERGY SECRETARY PROMISES TO EXPEDITE CLEAN 
COAL PROGRAM 

In a speech to the National Coal Council in Novem-
ber, United States Department of Energy Secretary 
J. Watkins said that neither the United States nor 
the world can turn its back on coal. Saying the 
future of coal depends on clean coal technology and 
admitting that the Department of Energy (DOE) tins 
been slow in prompting such technology, Watkins 
promised DOE will actively support its development. 

"President Bush directed me to develop a blueprint 
for America's energy policy decisions, a National 
Energy Strategy, not only for the short term, but 
looking ahead to the 21st century .... Coal will occupy 
a prominent place in this strategy," Watkins said. 

"I recognize that much of the problem in implement-
ing the clean coal technology program Is the slow-
ness and complexity of the process right at the 
Department of Energy. it is simply unacceptable to 
me that only eight of the 29 projects are under 
cooperative agreement.	 We've got to begin taking
risks as a department --to take the initiative to get 
these projects going.	 I have therefore directed 'fly
staff to develop a streamlined process to expedite 
approval for clean coal projects. There are now 
five projects in the building and they will be out of 
here by the end of next week." 

A week later, Watkins announced that he had 
streamlined the administrative review process for 
government approval of Clean Coal Technology 
projects, cutting in half the time it takes the 
Department of Energy to negotiate and approve 
project agreements with industry. 

"Thu new procedures implemented by Admiral Watkins 
cut the number of steps between the selection of a 
candidate project and the actual award of federal 
funds roughly in half,	 from 57 to 30," Deputy 
Secretary W. Henson Moore said. "A process that 
would have taken 18 to 24 months viii now take 10 
to 12 months." 

"The Admiral said at his confirmation hearings that 
he would take a 'personal interest' in the Clean Coal 
Technology Program. His statements last week, and 
the resulting actions this week, should be a clear 
signal that this important national program remains 
at the top of his, and the Department's list of 
priorities," Moore said. 

Announcement of the streamlined procedure was ac-
companied by the sending of five Clean Coal Tech-
nology project reports to the Congress. Issuance of 
the reports signifies that the department has coin-
pleted negotiations with its industrial partner and, 
pending a 30-day Congressional review, the Clean 
Coal projects can begin receiving federal matching 
funds.

The new procedures replace a policy of independent 
reviews by several departmental staff offices with a 
consolidated review by an "executive board" made up 
of the Assistant Secretaries for Fossil Energy, 
Management and Administration and Environment, 
Safety and Health and the department's General 
Counsel. This board will meet at each key approval 
stage In the negotiation process and will resolve any 
remaining concerns. 

Once	 it	 has completed its	 review, 	 the executive 
board	 will	 be empowered to	 convey	 the	 final project 
documentation, Including the	 report	 to Congress, 
directly	 to	 the Office of	 the	 Secretary for	 final 
signature and transmittal to the Congress.

To expedite staff-level review of projects before 
they reach the executive board, the new procedures 
put into place a "review panel" comprised of depart-
ment staff representatives responsible for re'ieiviiug 
the technical, legal and business aspects of each 0.:-
gotlated project. In a similar fashion to the exe::u-
tive board, the panel approach will substitute fof 
lengthy individual reviews previously required for 
each staff office. 

As each Clean Coal project is negotiated, the review 
panel will present the negotiation results to thu ex-
ecutive board for final review. 

Negotiations with the prospective Clean Coal private 
sponsors will continue to be done by technical and 
legal specialists in the Energy Department's field of-
fices. 

In a further attempt to expedite the negotiation 
process, the department also said that it would as -
sign an "environmental action team" to each project 
immediately after a proposer has been selected. The 
team will work with the private sponsor to gather 
the information needed to determine what dne,i.neo-
tatlon will he needed to comply with the National 
Environmental Policy Act. The department will make 
such a determination within three to four mouths 
after a project has been selected, rather than wait-
ing until the end of the negotiation process as has 
often been the case to date. 

The new procedures took effect immediately and will 
be used to process Clean Coal projects still in nego-
tiations from the first two rounds of competition. 
Watkins directed that all of the Round I and 2 
projects be wrapped up by the slimmer of 1990. 
For the expected 10 to 20 additional projects to be 
selected in the third round of competition, Watkins 
directed that the department conclude final action 
on those projects within 12 months after selection. 
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If results can be judged from number of proposals 
submitted, Round 3 has been much more successful 
In attracting projects in the western region. A to-
tat of 16 out of 48 proposals involve projects lo-
cated west of the Mississippi River (Figure 3). 

CLEAN COAL TECHNOLOGY PROJECTS SHIFT WESTWARD 

The United States Department of Energy has stated 
its Intention of encouraging more projects is the 
western part of the country under the Clean Coat 
Technology Demonstration Program. 

As shown in Figures 1 and 2, projects selected for 
funding under Round 1 and 2 were heavily con-
centrated in the East.

FIGURE 1 

LOCATIONS OF CLEAN COAL TECHNOLOGY PROGRAM ROUND I PROJECTS 
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FIGURE 2 

LOCATIONS OF CLEAN COAL TECHNOLOGY PROGRAM ROUND II PROJECTS 

FIGURE 3 

LOCATIONS OF CLEAN COAL
TECHNOLOGY PROGRAM

ROUND III PROJECTS 
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ENERGY POLICY AND FORECASTS 

RESEARCH NEEDS ASSESSMENT PANEL POINTS WAY 
FOR LIQUEFACTION RESEARCH 

The United States Department of Energy (DOE) Office 
of Program Analysis has published a "Research Needs 
Assessment" document for coal liquefaction. The 
document summarizes the results of a study to per-
form an Independent assessment of the research 
needed to bring coal liquefaction to technical and 
economic readiness for commercialization. A time 
frame of five to 20 years for this research was 
considered In the assessment, which thus included 
needs in both the short term and the long term. 
Short-term research is needed to improve relatively 
well-developed processes in all technology areas; 
long-term research is needed both to develop fun-
damental understanding and to utilize new knowledge 
and emerging concepts as the basis for better 
processes. Research priorities were established based 
on each program's perceived importance to reach the 
objective of commercial readiness. 

A twelve-member expert panel was assembled to 
develop and prioritize research and development 
(R&D) recommendations In coal liquefaction. The 
R&D recommendations summarized in Report DE89-
010347 represent the conclusions of a twelve-month 
effort by the panel involving four days of meetings 
plus seven site visits by panel members at different 
locations. Over forty experts made technical 
presentations of ongoing research and prepared Inputs 
to the study. In addition, independent peer reviews 
were solicited from ten eminent researchers and 
research managers to provide proper perspective and 
comments. 

Coal liquefaction to produce liquid transportation 
fuels now encompasses a number of distinct tech-
nologies and processing routes. Specific coal Li-
quefaction technologies include (1) direct conversion 
of coal by hydrogenation to liquid fuels (direct 
liquefaction), (2) the conversion of synthesis gas to 
liquid fuels (indirect liquefaction), (3) pyrolysis and 
mild gasification to produce liquid fuels from coal, 
(4) biological conversion of coal to liquids 
(bloconversion), and (5) production of liquid fuels 
from combined coal and petroleum feedstocks 
(coprocesslng). 

The major themes that emerged from the study can 
be summarized as follows: steady and substantial 
improvements have been made in both the technical 
reliability and the economics of liquefaction, but 
current processes are still too costly. More effi-
cient processes must be developed before liquefaction 
can produce transportation fuels that are cost-
competitive with petroleum products. These 
processes will be based on fundamental understand-
ings of coal structure and chemistry that are now 
emerging. The recommendations by the coal U-
quefaction research needs (COLIRN) panel reflect this 
emphasis on fundamental studies, many of which will

apply to more than one liquefaction technology. At 
the same time, the panel recommended that develop-
ment programs continue to improve the best of the 
current processes and build upon the technologies 
that have evolved as the result of several years of 
research and development. 

Direct Liquefaction 

The Department of Energy is funding the development 
of one process--Catalytic Two-Stage Liquefaction 
(CTSL)--which is being tested at the proof-of-
concept scale at the Wilsonville, Alabama process 
development unit, with supporting programs in smaller 
bench-scale units. No other process is emerging, so 
improvement of the CTSL process will continue to be 
the primary development program in the future. 

Laboratory tests continue to provide important infor-
mation on coal structure and liquefaction chemistry. 
Considerable attention is being directed toward 
tpreconversion chemistry," attempting to find tech-
niques to liquefy coal that will prevent retrograde 
reactions and thereby preserve the small-cluster 
structures of the original coal. If this approach is 
successful, the efficiency of liquefaction processes 
may be greatly improved. 

Technical advances In recent years have resulted in 
dramatic increases in the yield and the quality of 
liquid products. These advances have resulted in a 
substantial reduction in product cost, which is still 
about $10-20 per barrel above petroleum product 
prices. 

The COLIFIN panel recommended that the large-scale 
development program continue so that the United 
States will improve upon its best process and main-
tain	 a	 position	 of	 readiness	 for	 large-scale 
demonstration. This program includes catalyst 
development and kinetics studies of hydrogenation 
and cracking reactions at current reaction conditions. 

The panel was, however, of the opinion that process 
improvements will not be of sufficient magnitude to 
make CTSL economically attractive and that research 
must lay the foundation of new processes. Thus, 
most of the high-priority recommendations emphasize 
research related to coal structure/reactivity, coal 
dissolution chemistry,	 pretreatment of coal to
enhance reactivity, and the prevention of retrograde 
reactions. The panel also placed high priority on 
research to find new catalyst systems and on cherni-
cal solubilization techniques which may be the bases 
of new liquefaction processes. 

As always, hydrogen is an important consideration in 
the economics of direct liquefaction technology. Al-
though this area has been well researched over a 
number of years, the panel urged continued efforts 
to find more efficient methods to produce, use, or 
recover hydrogen in order to reduce process costs. 
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Indirect Liquefaction 

Indirect liquefaction is the reaction of carbon 
monoxide and hydrogen to produce hydrocarbons 
(Fischer-Tropsch reactions) or oxygenates, such as al-
cohols and ethers. The syngas is made via gasifica-
tion of coal. In general, the overall thermal ef-
ficiency of the entire process is low, and the 
product cost is high due principally to the cost of 
gasification. The Department of Energy's indirect li-
quefaction program is not concerned with gasification 
or gas clean-up, so that research in this program Is 
focused entirely on Improving the syngas reactions. 

Fischer-Tropsch reactions make a wide range of 
hydrocarbons,	 including methane and other light 
gases, which reduce liquid yields. Consequently, 
current research interest is to drive the reaction as 
far as possible to make middle distillate and wax, 
and then crack these to transportation fuels.	 This
research was supported by the panel. 

Oxygenate syntheses have received considerable at-
tention recently due to the penetration of alcohols 
and ethers into the motor fuel pool These research 
programs are at the laboratory scale. The only 
process development program is Liquid-Phase Methanol 
(LPMeOH), which combines several interesting fea-
tures: the use of syngas with a low hydrogen-to-
carbon monoxide ratio that is made from coal via 
gasification, and the use of a slurry reactor, which 
used an inert oil as the reaction medium and heat 
sink. The LPMeOII process is considered to be ap-
plicable to a utility plant that uses an Integrated 
coal gasification combined cycle. The methanol may 
also find application as a fuel ingredient. 

Most of the panel's recommendations were directed 
to two areas--improved catalyst performance and Im-
proved selectivity to desired products. The panel's 
first recommendation was for the application of 
several advanced catalyst preparation techniques to 
produce improved syngas catalysts. Other recom-
mended areas of catalyst research included studies 
of reaction mechanisms, deactivation, the role of 
poisons and promoters In product distribution, and 
reaction kinetics in methanol synthesis. The panel 
believed that the most important oxygenates are 
ethanol and ethers and recommended development of 
more selective routes to these products. Finally, in 
recognition of the high concentration of sulfur com-
pounds produced by coal gasification, and the need 
to shift the syngas to Increase the hydrogen con-
tent,	 the panel recommended development of a
sulfur-tolerant shift catalyst. 

Pyrolysis 

Pyrolysis has long been considered to be an Inexpen-
sive route to coal liquids. In contrast to direct li 
quefaction, it requires no hydrogen, catalyst, or high 
pressure. Results, however, have been disappointing. 
The tar yield is low and the quality poor, requiring 
expensive upgrading. The char is the major product, 
and due to its low volatility and high mineral-matter 
content, it generally has less value than the coal

feedstock. Consequently, large-scale developments of 
pyrolysis processes ceased In the early 1980s. 
However,	 laboratory research continued,	 directed 
toward Increasing tar yield. Recently, DOE has 
shown renewed interest in pyrolysis in Its mild 
gasification program. The processes in mild gasifica-
tion appear to be basically the same as those tested 
before, but additional effort is being expended to 
convert the tar and char into higher-valued 
products, such as jet fuel from tar and reactive 
gasifier fuel from char. 

The panel was skeptical that pyrolysis will be able 
to compete with direct liquefaction. The current 
mild gasification program is expected to produce 
relatively minor increases in tar yield; the low-
valued char will still be the major product. Conse-
quently,	 the panel recommended that pyrolysis 
research	 adopt	 a	 new	 approach--catalytic
hydropyrolysis--which has demonstrated high liquid 
yields and improved product quality. This pyrolysis 
technique has been tested only in small Laboratory 
units, and considerable research is needed to judge 
its suitability as a commercial process. The panel 
was less enthusiastic about other recommendations, 
which were nevertheless considered to have the best 
potential to improve the pyrolysis processes of cur-
rent interest. 

CoprocsIng 

Coprocessing is a variation of direct liquefaction, 
with the major difference being that the solvent 
comes from petroleum. Additionally, the solvent is 
expected to be used on a once-through basis, so 
that it is also a reactant and a precursor of liquid 
products. Coprocessing has been of interest for only 
a few years, but Its development has been rapid. 

Because of this rapid development and its unique 
features, coprocessing was considered separately from 
direct liquefaction. The distinguishing feature of 
coprocessing is the use of reduced petroleum crude 
oil,	 which has properties entirely different than 
those of a coal-derived solvent. The panel there-
fore recommended that research In coprocessing 
focus on understanding the fundamental chemistry of 
coal/oil reactions. Additionally, process studies 
should be carried out to elucidate the optimum 
reaction conditions and the effect of a petroleum 
solvent on coal reactivity and product properties. 

Bloliquefaction 

Bioliquefaction refers to the biological solubilization 
of coal or to the biologically catalyzed reaction of 
synthesis gas. This technology is so new that it is 
not yet possible to judge whether it will be a com-
mercially viable alternative to the other liquefaction 
technologies. It has appealing features such as low 
temperature and pressure requirements, and it does 
not need hydrogen. On the other hand, the pos-
sibility exists that the biocatalyst may be too ex-
pensive for production of transportation fuels or that 
selectivities and reaction rates may fall short of 
commercial usefulness. 
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The panel recommended that the most important step	 break down the coal structure, remove heteroatonis 
in the study of bioliquefaction Is to find enzyme	 or convert synthesis gas to alcohol. 
systems that catalyze the specific reactions that
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ECONOMICS 

SASOL ECONOMIC PERFORMANCE LINKED TO 
BYPRODUCTS 

Although the world thinks of the Sasol coal conver-
sion plants In South Africa as synthetic fuel plants, 
with every passing year they become more properly 
characterized as coal refineries. The extensive slate 
of byproducts now produced at Sasol was discussed 
In the Pace Synthetic Fuels Report, June 1989, 
page 4-40. 

Recently A. Geertsema of Sasol provided some fur-
ther insights, In a paper for the Pittsburgh Coal 
Conference. He notes that over the years process 
optimization and improvements in equipment design 
have continued. The competitiveness of the Sasol 
operations has been maintained and improved due to 
continued Increases in plant throughputs and produc-
tivity improvements. Many of these are Incremental 
In nature and do not attract particular attention. 
However, says Geertsema, in an environment where 
local inflation has been running at about 15 percent 
for several years, and the revenue from syafuels is 
coupled to a falling international crude oil price, 
special efforts were required to maintain profits. 
Basel has been able to increase profits despite a 
substantial decrease In the operating income from 
synfuels. This was achieved by higher production 
volumes, increased productivity and more favorable 
prices earned with chemicals. 

Chemicals 

Currently Sasol markets in excess of 100 different 
products. These are categorized as follows: 

- Fuels (gasoline, diesel fuel, industrial gas, 
fuel oils etc.) 

- Solvents (aromatics, alcohols, acetone, methyl 
ethyl ketone, etc.) 

- Waxes (ranging from soft to very hard and 
including special products such as oxidized 
and crystallized waxes) 

- Nitrogenous products (ammonia, a full 
spectrum of fertilizers as well as porous 
ammonium nitrate for mining explosives) 

- Coal coproducts (creosotes, phenol, cresylic 
acids, pitch etc.) 

- Polymers (a polypropylene plant comes on 
stream in December 1989) 

- Explosives (a wide range of mining explosives) 

- Chemicals (ethylene, propylene, paraffins, sul-
fur etc.) 

During the late lOGOs a naphtha cracker based on 
Imported petroleum naphtha was erected at Sasol

One. The plant was taken out of commission in the 
early 1980s for economical reasons and due to the 
fact that considerable amounts of ethylene became 
available from Sasol Two. In 1988 a part of this 
cracker was de-mothballed to crack ethane which 
was piped from Secunda.	 The growth in the local
ethylene demand for polyethylene provided the op-
portunity for de-mothballing. The ethylene produc-
tion capacity of Sasol now stands at 315,000 tons 
per year. 

Geertsema says a 120,000 ton per year polypropylene 
plant Is under construction at Secunda and is 
scheduled	 for	 mechanical	 completion	 in 
December 1989. Associated with this plant Is a 
150,000 ton per year propylene recovery plant. The 
polypropylene will be aimed at replacing imported 
polypropylene and additionally a substantial quantity 
will now be exported. 

Further recent expansions to Sasol's activities Include 
the erection of a fertilizer plant, an explosives 
plant, solvent purification and blending facilities and 
phenol purification facilities. These are examples of 
how the profitability of Sasol is being Increased by 
expanding on the basis of existing competitive ad-
vantages, says Geertsema. 

Further opportunities are being developed based on 
coproducts from the Sasol processes, and also from 
downstream derivatives of some of these products. 
Areas for which such opportunities are being 
evaluated include ethylene oxide and its derivatives, 
speciality solvents, cresylic acid derivatives, 
electrode coke, speciality olefins and derivatives, al-
dehyde derivatives, wood preservatives and speciality 
waxes. 

Product Wcwkup 

The greater part of the fighter olefins (propylene, 
butylenes) is catalytically oligomerized to gasoline, 
diesel fuel and jet fuel. The products are olefinic 
and are hydrotreated to produce a high octane 
gasoline.	 However, the diesel fuel is on the light 
side and has a low octane number. On a pilot 
scale, alternative oligomerlzation processes have been 
evaluated and different options are now available for 
diesel production.	 At Sasol Three a Dimersol plant 
was commissioned in July 1988.	 This provides a
greater flexibility in the conversion of fight olefins. 

In 1987 the capacity of the tar acid refining plant 
was doubled, and since further process improvements 
were made, a minimum phenol purity of 99.8 percent 
can be achieved consistently. This coal based 
phenol is now successfully competing with synthetic 
phenol in international markets. All tar acids In the 
Sasol group are S now processed at Sasol One, and the 
volumes available ensure an economic scale of 
operation. 
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Strategy 

The South African chemical industry Is mainly geared 
to supplying local demand and its plants are often 
small compared with world standards. Exports are 
mostly a response to short-term opportunities or 
surpluses.	 The threat of international trade sanc-



tions Inhibited Initiative and major investments in 
some cases. Now that chemical prices have shown 
an upward trend, In 1988 more than 50 percent of 
Sasol's operating profit was derived from activities 
other than synthetic automotive fuels, although the 
latter represents about 70 percent of the capital in-
vestment. Low fuel prices and better prices for 
chemicals have therefore led to some cross-
subsidization of synfuels by chemicals. 

Within Sa.sol, Geertsema says that a greater emphasis 
Is being placed on non-fuel products based on 
defined competitive advantages. One of the most 
significant advantages is the very broad base of 
potential starting materials such as propylene 
referred to above, waxes, speciality waxes, solvents, 
specially formulated solvent blends and the like. 
Further downstream manufacturing for high value 
added products is also foreseen. The development of 
exports to ensure economically sized plants implies 
that the competitive edge should be adequate to 
oft-set the disadvantage of transport costs. The 
quality of products must be equal to or better than 
that of competitors for selected applications to en-
sure profitability.	 The local coal is abundant and 
coal production costs are very competitive. This 
factor as well as the range of chemicals produced 
In the Fischer-Tropsch process provide a good base 
for further business.

Another facet of the Sasol strategy is to ensure 
that technology is developed where required. This is 
especially Important where the unique properties of 
the Sasol feedstocks are Involved and where technol-
ogy for downstream processing becomes progressively 
less available as one moves to higher value added 
products. 

The five principles of the Sasol strategy are stated 
to be: 

- Broadening of the profit base 

- Development of new products of higher added 
value 

- Increasing turnover In relation to capital ex-
penditure 

- Using the competitive advantages of the 
Sasol technology 

- Decreasing dependence on imported materials 

Thus, even after 37 years In production at Sasol, 
there is an ever increasing number of projects being 
taken through laboratory and pilot scale operation to 
commercial implementation. The key to success, says 
Geertsema lies in selecting the winning products 
from a range of possibilities, to be able to build on 
specific sustainable competitive advantages and to 
market the products at prices and with a quality 
that ensure competitiveness. 
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TECHNOLOGY 

EXXON STUDYING CATALYTIC UYDROPYROLYSIS 

At the 1089 International Conference on Coal 
Science, held in Tokyo, Japan, October 23-27 
researchers from Exxon Research and Engineering 
Company discussed their current work on catalytic 
hydropyrolysis of coal. 

Coal has an atomic hydrogen to carbon ration less 
than unity. To make desirable liquids, with atomic 
hydrogen to carbon ratios of 1.5 to 2, hydrogen 
must be added or carbon rejected. Hydropyrolysts is 
known to enhance liquid yields but this enhancement 
is accompanied by significant increases in methane. 
Increased methane yields are detrimental economically 
because of the amount of hydrogen consumed. In 
previous work Exxon researchers discovered a tem-
perature threshold for coal hydropyrolysis, below 
which little methane is formed, and above which 
significant methane is produced. This threshold is a 
function of temperature, pressure, hydrogen treat, 
and heat-up rate.	 In the past many researchers 
have tried to increase the oil yields by performing 
hydropyrolysis in the presence of catalysts. In 
general, these workers obtained increased oil yields 
but produced large quantities of hydrocarbon gases 
and consumed large amounts of molecular hydrogen. 
In order to improve liquid yields and hydrogen 
utilization efficiency by suppressing methane forma-
tion in hydropyrolysis, Exxon extended its previous 
finding to catalytic coal hydropyrolysis. 

Roactor Caifigumuan 

Catalytic hydropyrolysis reactions were carried out in 
a fixed bed apparatus. The 620 cubic centimeter 
reactor was heated by means of a fluidized sand 
bath, which could be raised and lowered hydrauli-
cally. In a typical experiment, about 400 grams of 
Wyoming subbituminous coal (average particle size 
400 microns) were charged into the hopper above 
the reactor and pressurized with hydrogen. Two 
modes of operations were conducted. In the first, 
the reactor was heated at a rate of 40C per 
minute, with preheated hydrogen flowing through it 
at a rate of about 0.4 standard cubic feet per 
minute at a predetermined reaction pressure. At an 
appropriate temperature, coal from the hopper was 
charged to the reactor, while the heating rate was 
adjusted to about 2.5 0C per minute. In the second 
mode, the sand bath temperature was maintained at 
constant temperature. Volatile products were carried 
out of the reactor and into a high pressure knock-
out vessel (4 0 C) by the flowing gas. 

Catalyzed Coal Preparatiai 

For the catalyzed coal, an incipient wetness impreg-
nation method was used. Wet coal was first 
measured for moisture content and then a calculated 
amount of molybdenum precursor in water solution

was added, mixed and allowed to stand for two days 
before drying in a vacuum oven. 

Rulth 

With a programmed heat-up from 380 0 C to 476°C in 
50 minutes without a catalyst and at n pressure of 
seven MPa, an exotherm occurred at 4650C. 
However, when 820 ppm of molybdenum catalyst was 
used on the same coal, the onset of rapid methane 
formation was delayed. Table 1 compares the yields 
with and without molybdenum catalyst. Molybdenum 
increases oil yields from 17.5 weight percent to 
24.0 weight percent with reduced hydrogen consump-
tion from 2.6 weight percent to 1.6 weight percent. 
Methane was reduced from 11.2 weight percent to 
3.1 weight percent.

TABLE 1

WM.T CATALYZED COAL Oil. YIELD 

380 0C to 478 0C in 50 Minutes
Hydrogen, 7MPa, 0.8 SCFM

820 Pp-n Me 

Yields, Wt.% Coal	 No Catalyst Catalyzed 

014 11.2 3.0 
C2 + C3 4.2 2.2 
Oils 17.5 24.0 
Char 54.7 47.1 
112 Cons urred, Wt.% Coal 2.6 1.6

However, with a catalyst, if the coal were added to 
a constant temperature reactor at 460 0 C, substan-
tially below the critical temperature for an on-
catalyzed coal, an exothermic reaction takes place 
Immediately. It is evident, says Exxon, that the 
programmed heat-up is the key to avoid the ex-
otherm. Programmed heat-up can be simulated by a 
two-stage temperature operation. Table 2 compares 
the yields from a single stage operation (460°C/45 
minutes)	 with	 a	 two-stage	 operation 
(370°C125 minutes and 460°C/45 minutes). Because 
little methane formed in the two-stage operation, 
the oil yields are increased more than three fold 
and hydrogen consumption was less than half. 
The catalytic benefit is seen in Table 3 by compar-
ing the two-stage operation with and without 
catalyst. 

Typical hydropyrolysis liquids were analyzed by low 
voltage, high resolution mass spectrometry. The coal 
liquids were largely aromatic, containing 68.2 weight 
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TABLE 2 

panicr saEcrIYIn WITH srin
TEMPERATURE OPERATION 

1000 Ppm Mo
Hydrogen, 7 MPa 

Staged	 Single 
Temp.	 Stage 

Tenp./Res.. Tine, °C/Min	 370/25	 450/45 
460/45 

Exo the nn	 no	 yes 

Yields, Wt.% Coal 
CO X	 7.0	 17.2 
CH 	 1.7	 20.6 
Oils	 33.5	 9.7 
Char	 48.4	 45.4 

H2 Cons., Wt.% Coal	 1.6	 3.7 

TABLE 3 

OIL YIELD IN TWO STAGE OPERATION 

Two-Stage Operation 
370°C/30 Mm. & 454°C/25 Mm.

Hydrogen, 7 Ml's., 0.5 SCFM
1000 ppm MG 

Yields, Wt.% Coal	 No Catalyst Catalyzed 

Cl!4 4.2 1.7 
C2 + C4 1.4 2.5 
Oils 14.7 31.4 
Char 63.3 50.5 

Cons., Wt.% Coal 1.8 1.6

percent aromatics and 37.2 weight percent saturates. 
The aromatics fraction was 23.4 weight percent 
phenols. Catalytic hydropyrolysis liquids produce 
more of every boiling point fraction compared to a 
non-catalytic liquid. 

In summary, catalytic two-stage hydropyrolysis, using 
a low-temperature first stage and a high-temperature 
second stage, doubled liquid yields from non-catalytic 
hydropyrolysis. Two-stage hydropyrolysis captured 
the critical temperature threshold and eliminated ex-
otherm by removing most of the oxygen at low tem-
perature.	 It produced high liquid yields and mini-
mized methane formation.	 Hydropyrolysis oils are 
aromatic in nature and rich In oxygen compounds.

The probe for the generation of the cavity 
by water jet mining 

"Itt

ELECTROCHEMICAL AND aECTROThERMAL UCG 
PROCESS PROPOSED 

At the International Underground Coal Gasification 
Symposium held in Delft, The Netherlands, in Oc-
tober, 0. Hahn of the University of Kentucky 
proposed a radical underground coal gasification con-
cept. 

The basic concept uses a rotating electric are which 
impinges on the coal seam. Oxygen, steam and some 
dissolved catalyst are injected at the cathode allow-
ing the mixture to impinge on the coal seam. The 
process involves thermal gasification and oxidation of 
the coal (by the steam and oxygen), pyrolysis of the 
coal, and oxidation-reduction processes involving the 
11+ and 110- molecules produced by the rotating arc. 

As explained by Hahn, the "electrochemical and 
electrothermal coal conversion process" Is an exten-
sion of underground coal gasification, above-ground 
coal gasification, coal pyrolysis in steam and arc 
processing in a steam atmosphere. A probe would 
be inserted into the coal seam up to 200 feet from 
the initial well. 	 The probe emits steam, oxygen, 
some dissolved catalyst and an electrolyte.	 An
electric arc would also start from the probe and 
connect to the coal seam.	 The probe is designed 
for rotation of the arc. In the area in front of 
the probe, the arc would cover the whole coal face 
(the height of the seam). The operator at the sur-
face would know the location of the probe relative 
to the seam, to the roof and to the floor from 
sonic sensors. Where the arc strikes, the tempera-
ture will exceed coal gasification temperatures. The 
coal will be pyrolyzed, and the char will be con-
verted.	 - 

In the presence of oxygen and excess steam this 
temperature will only be maintained for a short 
duration due to the quenching effects of the steam 
and primarily due to the movement of the arc. The 
large and rapid temperature variation in the coal 
permits the pyrolysis of a large fraction of the 
coal. 

The excess steam carries the pyrolysis product away 
for separation above ground. The cavity in front of 
the probe is filled with steam, and passage of the 
are through the steam produces some 11+ and HO-. 
These products interact with the heavy tar and oils 
and reduce their molecular weight. The oil, gases 
and steam return through the well back to the sur-
face where the steam and oils are condensed. The 
uncondensed gases will have sufficient heating value 
to drive gas turbines for the generation of the 
power for the are and other auxiliary equipment. 

The total electrochemical and electrothermal under-
ground conversion system is comprised of numerous 
components or process steps. These are: 

- The borehole and initial cavity 
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- The probe for normal processing 

- The probe for coal seam problems 

- The surface facilities such as condensers, 
boilers, gas turbines, separators, pumps, in-
strumentation and control systems 

- The drill and probe pattern for the minimiza-
tion of subsidence 

The surface facilities are described by following the 
path of the process stream from the underground 
well. The stream returning from the well contains 
oils and gases. This combined stream enters a con-
denser where the oils and the steam are condensed. 
The gas is burnt in a turbine for the generation of 
direct current for the arc. The hot gases from the 
turbine are passed to a boiler for the generation of 
relatively low pressure steam. The feed water for 
the boiler Is the separated water from the condenser 
and some make-up water. The oil generated in the 
process Is removed from the oil water mixture of 
the condenser and pumped to a storage tank for 
sale.	 Control and monitoring systems are also 
necessary.	 The general layout of the facilities Is 
shown in Figure 1. 

According to Hahn, the obvious problems of arc con-
trol and contact with the coal seam have been ex-
tensively studied. The electrical resistance of coal 
decreases dramatically as the temperature increases 
and the coal Is also consumed in the oxygen-steam 
atmosphere. The voltage drop in the are in air as 
It strikes the coal at ale atmosphere ranges from 
150 to 1,200 volts per meter. When steam Is added 
the upper range reaches 2,000 volts per meter. 
Doubling the pressure to two atmospheres increases 
the above numbers by only 20 percent. The coal 
contact problem was solved by adding catalyst, iron 
oxide and nitric acid to the steam.

Commercially available generators will produce suffi-
cient voltage and power to contact and convert 
three meter coal seams. 

The subsidence of the overburden will be reduced by 
using a star (or similar pattern) of recovery from a 
central hole while leaving some material in the 
spokes to support the roof (Figure 2). The steam 
sweep of the area will reduce ground water pollu-
tion and allow the cooling of the seam to eliminate 
uncontrolled fires.

FIGURE 2 

PATTERN OF HORIZONTAL 
BOREKOLES DEVELOPED 
FROM A CENTRAL WELL 

The conversion rate of coal to oil and gas as well 
as their distribution Is a function of catalyst, 
oxygen and steam feed rates and the intensity of 
the arc. 

Hahn says every basic aspect of the electrochemical 
and electrothermal processes has been investigated as 
to their feasibility. Literature support can be found 
for an the basic conversion steps. Extensive 
laboratory tests were made on the are behavior. 
The conversion of coal in this process was checked, 
but the process optimization with rthss and energy 
balances and with different catalysts was not carried 
out. 

The parameters of the process are still too loosely 
defined. However, Hahn believes it is possible even 
under the present oil price condition to find a set 
of conditions where this process would be economi-
cal. 
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obtaining sufficient rates of reaction reduces the 
mass and energy efficiency even further. 
Brookhaven says the use of the IIYDROCARB process 
could improve the efficiency of recovering a clean 
carbon fuel from underground. 

HYDROCARB PROCESS COULD PRODUCE CLEAN FUELS 
FROM UCG 

The IIYDROCARB process concept has been developed 
at Brookhaven National Laboratory as a way of 
making pure hydrogen and carbon from coal. 

The }IYDROCARB process consists of two steps. The 
first step involves the hydrogenation of coal to 
methane and the second step is the thermal decom-
position of methane to carbon black. The hydrogen, 
which is regenerated, Is recycled. The overall 
process essentially results in the cracking of coal to 
its elements, leaving the ash and other Impurities 
behind.	 The two main products are carbon black 
and hydrogen, both of which are marketable as 
premium fuels. Figure 1 Is a flowsheet of the 
process as it would be practiced above round with 
mined coal.

FIGURE 1
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A paper by M. Steinberg and E. Grohse at the Inter-
national Underground Coal Gasification Symposium 
held In Delft, The Netherlands, In October, suggests 
applying the HYDROCARB process concept to under-
ground coal gasification (UCG). 

The advantage of UCG in general Is avoiding costly 
mining costs, particularly for thin and for steeply 
dipping seams. Avoiding environmental problems of 
conventional surface mining and the disposal of 
gangue and ash of mined coal are additional ad-
vantages. A costly part of the UCG process is to 
generate steam and oxygen at the surface and to 
burn some of the coal underground to provide the 
endothermic heat of reaction necessary for the 
steam gasification reaction. 

About one-third of the coal is used to provide the 
endothermic heat of gasification, and as a result the 
carbon Is emitted as Inert CO 2 .	 Heat losses and

Figure 2 Is a schematic adaptation of the 
IIYDROCARB process for underground coal gasifica-
tion. 

For	 underground coal	 gasification,	 the	 process would 
consist	 of sending	 the	 recycled	 hot	 hydrogen down 
an	 Injection	 borehole,	 where	 at	 temperatures above 
600 0 C,	 the	 hydrogen	 would	 react	 with	 the under-
ground	 coal	 to	 form	 methane	 (CH 4 )	 together with 
equilibrium	 quantities	 of	 CO,	 CO 2 ,	 and	 [120. The 
hydrogenation	 process	 Is	 exothermic	 by about 
18	 kilocalories	 per	 mole,	 so	 In	 principal,	 no addi-
tional	 heating	 would	 be	 necessary.	 If	 heat losses 
underground become excessive,	 make-up heat	 can be 
supplied by	 addition	 of	 air	 or	 oxygen to	 the enter-
ing stream.

The hot methane-enriched gas is then withdrawn 
from a second exit well after flowing through the 
underground coal reaction path. The surface 
processing consists of hot gas cleaning which in-
cludes removal of flyash, £12 8 and [120.	 Most of
the ash should remain underground. 

The hot cleaned gas is then heated to temperatures 
above 1,000°C in a fluidized or moving bed thermal 
decomposer where carbon black is deposited directly 
from the gas phase in the form of subrnlcron par-
ticles. Alumina can be used as a heat transfer and 
catalytic medium to transfer the heat and to 
separate the carbon from the gas stream. Bag fil-
ters can also be used to capture the entrained fine 
particulate carbon black. The thermal decomposition 
of the methane-rich steam Is endothermic. 

Part of the regenerated hydrogen-rich stream from 
the methane decomposer which has been cooled 
below 800 0C due to the endothermic heat of reac-
tion is then sent back to the Injection well, and the 
remainder of the hydrogen-rich stream Is taken as 
clean product fuel. The entire process Is equilibrium 
limited and can be practiced at constant pressure In 
the range of 30 to 50 atmosphere. 

According to Steinberg, the clean carbon black 
product can be used as a boiler fuel either in the 
form of a fine particulate or a briquette. The car-
bon can also be slurried with water or other 
hydrocarbon fuel (oil) or methanol to form a liquid 
slurry fuel called CARBOLINE for use in heat engines 
such as turbines and diesels. 

Process design calculations at Brookhaven for the 
practice of the HYDROCARB process above ground 
indicate over 90 percent carbon conversion efficiency 
and over 90 percent process thermal efficiency based 
on both the carbon black and the hydrogen as 
product fuels. For the underground gasification ap-
plication, they believe that conversion efficiency 'nay 
be somewhat lower. However, because mining costs 
are eliminated,	 competitive costs for producing 
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FIGURE 2 

UNDERGROUND COAL GASIFICATION VIA HYDROCARB PROCESS 
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carbon-black fuel may even be lower than for sur-
face processed coal. Because the fuel is environ-
mentally clean, the fuel should command a premium 
price in the market. 

The overall concept of the process can be thought 
of simply as one in which hydrogen Is utilized to 
pump the carbon from the ground up to the surface 
through the medium of formation of the carrier gas, 
methane. 

UTCOL PILOT PLANT DESCRIBED 

The Japanese Research Association for Hydrogen-
from-Coal Process Development (HYCOL) is building a 
pilot plant with an entrained flow coal gasifier 
which was started in 1988. The construction of the 
pilot plant, a Joint undertaking by nine private com-
panies, will be completed in the first half of fiscal

year 1990, and the operational research is planned 
to begin in fiscal year 1991 after a trial run. A 
description of the project was provided to the 
Electric Power Research Institute Conference on 
Technologies for Producing Electricity In the 
Twenty-First Century, held in San Francisco in Oc-
tober. 

In 1983, the New Energy Development Organization 
(NEDO) started to develop coal gasification technol-
ogy based on entrained flow and executed a primary 
study on a multipurpose coal gasifier for medium-BTU 
gas production and a feasibility study on Integrated 
combined cycle power generation. The coal gasifica-
tion technology on a multi-purpose basis then 
developed into the HYCOL gasification process for 
coal based hydrogen production. The multi-purpose 
gasifier design is a two-step spiral flow gasification 
system as shown in Figure 1. 

A flow diagram for the pilot plant Is shown in 
Figure 2.	 The HYCOL pilot plant will consist of 
five main sections:	 coal preparation, gasification, 
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FIGURE 1
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gas cleaning, product gas Incineration and ash han-
dling. In addition it provides the utilities, electrical 
and instrumentation and other facilities necessary for 
operation. 

The pilot plant, with the exception of the gasifica-
tion section, Is being constructed at the plant site 
in Sodegaura, Chiba prefecture. Construction is 
planned to be completed in August of 1990. 

The targets for the pilot plant using the design coal 
feedstock, Tathelyo coal, are: 

- 50 tons/day coal feed 
- 1,000 hours continuous operation 
- 98 percent carbon conversion 
- 78 percent cold gas efficiency 

Structure of the Gasifier 

The structure of the gasifier is shown in Figure 3. 
The gasifier has three main parts: the gasification 
zone in which coal Is gasified with oxygen, the heat 
recovery zone for product gas cooling and the slag 
quenching zone for slag crushing and discharging. 

The gasification zone Is a cylindrical structure of 
refractory covered water tubes providing a con-
stricted hole for product gas exhaust at the top and 
a multi-hole slag tap at the bottom. The coal bur-
ner nozzles are set around the cylindrical structure 
at two stages in tangential positions, each level 
containing tour nozzles. Two char burner nozzles 
are installed at an additional lower stage. The coal 
injected from each burner forms a swirl flow and is 
gasified with oxygen at high temperature. In the 
heat recovery zone, having a cylindrical membrane 
wall structure, product gas Is cooled down to 
prevent sticking of molten ash particles in the 
downstream and heat Is recovered as steam. 

The slag quenching zone is filled with water and 
molten slag from the slag tap is crushed by quench-
ing in the water. The slag quenching zone also 
contains a slag crusher for slag which cannot be 
crushed by quenching. To observe slag flow from 
the slag tap holes, an image-sensing unit which util-
izes a small objective lens and an optical fiber in a 
water cooled casing, Is mounted in the slag quench-
ing zone. 011 burners for start up operation are in-
stalled in this part. 

The dimensions of the outer pressure vessel are ap-
proximately two meters in diameter and 13.5 meters 
In height. 

In the gasifier, the four nozzles at each stage are 
oriented tangentially to each other and generate a 
spiral flow. The coal particles from the upper stage 
follow a downward spiral path from the upper part 
towards the bottom. As a result of the spiral flow 
pattern, coal can stay for a longer period of time 
In the chamber and is more likely to be gasified. 
That Is, the upper stage burners produce reactive 
char in small amounts of oxygen and the low stage 
burners generate high temperature gas in the op-
timum oxidant. The bottom of the chamber is kept

FIGURE 3 
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at high temperature to gasify reactive char and to 
cause a continuous precipitation of molten slag. 

The features of this gasifier are said to be as fol-
lows: 

- Broad coal type utilization by keeping the 
bottom at high temperature to treat molten 
slag from coal ash 

- Two-step multi-burner system can gasify a
large amount of coal in a small chamber 

- The dry coal feed system increases heat ef- 
ficiency as well as product gas yield 

- A slag self-coating system with special 
refractory-covered water-cooled tubes can 
achieve long life of refractory wall 

fl## 
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INTERNATIONAL 

COAL CONVERSION AND Mifi) PROJECTS UNDER WAY 
IN USSR 

A summary of the coal industry In the USSR was 
given in a paper by M. Shchadov submitted for the 
14th Congress of the World Energy Conference held 
in Montreal, Quebec, Canada in September. 

According to Shchadov, the USSR holds about 
45 percent of the World's known coal reserves. 
These reserves account for 92 percent of the 
country's total fossil fuel reserves. 	 Therefore they
are expected to become increasingly important in the 
future.	 Coal is expected to replace liquid and
gaseous hydrocarbon fuels. 

Abundant coal reserves in the eastern regions of the 
country are available for advanced and cost-
effective opencast mining, and promote setting up of 
large fuel-energy complexes (FEC). The Ekibastuz 
fuel-energy complex (ETEK) Is the first fuel-energy 
complex. In the future ETEK will comprise the 
largest opencast mines with a total capacity of 120 
to 135 million tons, four power stations with a total 
capacity of 16,000 megawatts and a d. c. 
1,500 kilovolt power transmission line. The Complex 
is said to be of top priority for further development 
of the country's fuel-energy system. Setting-up of 
the FFEK complex Is to be accomplished over two or 
three five-year plan periods. 

The Eldbastuz basin Is one of the youngest coal 
fields, however, It is one of the major coal 
producers in terms of coal output expansion rates. 
Availability of thick coal seams occurring in 
favorable geological conditions allowed for high-
capacity opencast mines to be set up in this region. 
Coal output has nearly doubled every five yearn. 
Today, EFEK incorporates opencast mines with a total 
output of 80.5 million tonnes, among them Is 
Bogatyr, the world's largest opencast mine, producing 
54 million tons of coal per year. 

With due regard for the experience gained in setting 
up the £FEK complex, the Kansk-Achinsk fuel-energy 
complex (RATES) has also been launched. The KATEK 
project Is Important for further development of 
productive forces in Siberia. Abundant brown coal 
reserves In favorable geological conditions are avail-
able for opencast mining. 

The USSR long-term Energy Program envisages the 
following uses of the KATEK coals:	 new thermal 
power stations with capacities up to 
6,400 megawatts to be located close to the mine 
sites; coal conversion to liquid synthetic fuel and 
other valuable chemicals (In this area coal is com-
petitive with oil and oil byproducts); obtaining 
upgraded high-calorific value solid fuel to meet the 
needs of Siberia and other regions. 

The KATEK projects under construction include high-
capacity opencast mines, regional thermal power sta-

tions, super-capacity 1,150 kilovolt electric power 
transmission lines, new enterprises designed for 
producing upgraded synthetic solid fuel, gas and 
valuable chemicals, the heavy earth moving 
machinery engineering plant in Krasnoyarsk and new 
towns. 

Construction of the KATEK projects, setting up of 
new towns for coal miners and people involved in 
power generation, Introduction and operation of 
unique equipment and machinery of a new tech-
nological generation, wide-scale Introduction of 
electronics and computer technology represent an 
original independent program, says Shchadov. 

Particular features of the Kansk-Achlnsk coals are 
high volatile content of the organic matter and the 
ability for thermal decomposition with formation of 
semi-coke and calcium in the mineral part. 

Starting with the third regional power station, the 
KATEK power plants are to be set up as integrated 
power-technological enterprises producing electricity, 
synthetic fuel, chemicals and high-quality boiler fuel 
(semi-coke). 

A novel system of electric current generation, mag-
netohydrodynamics (MUD), has been developed, ac-
cording to Shchadov. The system involves direct 
conversion of heat energy to electric power (without 
steam generation) and provides for a heat utilization 
factor of up to 60 percent. 	 Fuel consumption is 
reduced by 1.5 times. A power unit of 
500 megawatt capacity is said to be under construc-
tion. 

The most promising solution of the problem of coal 
cleaning from harmful Impurities, says Shchadov, is 
coal conversion to synthetic fuel and other chemi-
cals.	 This technological route of using coal 
resources includes carbonization, low-temperature 
carbonization, gasification, hydrogenation, production 
of electrodes, calcium and silicon carbides, bitumens, 
etc. 

The technological route which high-ash content coal 
upgrading could take Is gasification in fluidized bed 
gas generators. Coal gasification into gases of 
varying BTU values will promote the solution of so-
cial problems, including control of environment pollu-
tion with dust and harmful exhausts. 	 In such a
case, a coal gasification plant should be a structural 
unit of a power station. Large-scale testing of 
such an approach will be carried out In a power 
station in the near future, says Shchadov. 

In the Soviet Union gasification of coal-containing 
waste with ash content of 56 percent has been 
proved feasible. Experiments with this raw material 
were conducted on a commercial gas generator at 
the shale processing plant of the Estonslanets 
production association. The gas produced can be 
used as thermal fuel at power stations. 
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Gasification Is regarded as a process for upgrading 
of high-sulfur content coals, and as a way to in-
crease resources of sulfur-containing feedstock. 

Technological flowsheets under development are to be 
designed for gasification of high-sulfur content coals. 
A substantial portion of gasification costs will be 
compensated by selling the byproducts (sulfur) and, 
thus, the processes will be cost-effective. 

The USSR Is one of the pioneer countries in the 
field of in situ coal gasification. In the past, 
several experimental stations were built to test the 
gasification process for coals from different basins. 
In situ gasification has become again the focus of 
attention. This is because introduction of this 
process ensures automation of fairly labor-consuming 
coal winning processes and promotes healthy work 
conditions at gas-fired power stations and boiler-
houses. 

Much attention is devoted to issues of coal conver-
sion into liquid synthetic fuel both in the USSR and 
other countries. A promising approach to coal use 
is hydrogenation to produce liquid fuel and chemical 
products. The price per ton of synthetic oil is 
1.5 times greater than that of crude oil, however, 
Soviet experts estimate that soon the prices will be 
equal. In the Achinsk basin the ST-75 coal 
hydrogenation plant with a daily capacity of 75 tons 
is under construction based on the Berezovsk deposit. 
Production of one ton of synthetic oil requires five 
tons of brown or two to three tons of bituminous 
coal. Studies are underway on testing a new li 
quefaction technology--coal hydrogenation under 
10 MPa hydrogen pressure; scientific principles of 
the process were worked out by organizations spon-
sored by the USSR Ministry of the Coal Industry and 
the USSR Ministry of Petrochemical Industry. 

Such plants will obtain the initial data for planning 
the first commercial enterprise to convert coal into 
liquid fuel. Expansion of liquid coal-derived fuel 
production Is advantageous because of the necessity 
to conserve oil reserves, dramatic growth of oil 
production coats in the North regions, benefits of 
using oil in the chemical industry, increased con-
sumption of motor fuel, aviation kerosenes and 
gasolines. In the 21st century fossil oil will be re-
placed by coal oil, says Shchadov. 

Another speaker at the World Energy Conference 
pointed out that as a result of an intensive energy 
conservation policy In the country, commercial 
production of synthetic liquid fuel from the Kansk-
Aehtnsk coals has been postponed from the first 
stage of the energy center development to the 
second (or even later). However, the first stage 
should be used for scientific research, design of 
pilot plants, creation of the required conditions for 
the commercial manufacturing of equipment, etc.

Gasification	 of low-grade Siberian	 coals and further 
combustion	 of the	 gas in	 the	 boilers of	 thermal 
power and boiler plants is considered as a prospec-
tive technology of energy production from fossil fuel 
with substantial decrease of atmospheric emissions.

Construction of plants for thermal processing, pel-
letizing and briquetting of the Kansk-Achinsk coals 
Is planned for the production of a high-BTU, 
transportable, solid fuel. This problem Is of high 
social significance, as the briquettes are intended 
primarily for domestic consumers and small boiler 
plants of the large areas of Siberia. 

A recently published book The Soviet Power Industry: 
Its Status and Prospects, mentions other facilities. 
The author, D. Zhimerin says a new method for the 
combined processing of a low-grade coal utilizes 
high-rate pyrolysis of coal and is termed the energy 
supply process, theoretically substantiated and ex-
perimentally tested in the ENIN (G.M. Krzhizhanovskil 
Institute for Energy Problems). This method of 
processing of solid fuels relies on the technique o 
high-raje pyrolysis which includes fast heating (10 
to 10 seconds), intense thermal reaction at about 
500-800 0 C, and fast "freezing" of the process to 
secure the preset duration of pyrolysis. 

Construction of a pilot-scale plant, ETKh-175, for 
the processing of the lCansk-Achlnsk low-calorie coal 
is said by Zhimerin to be nearing completion at a 
thermal power station in Krasnoyarsk. The plant's 
rated capacity Is one million tones of brown coal 
per year. The plant is designed to crush the 
Kansk-Achinsk run of mine coal with 40 percent 
moisture in hammer mills and simultaneously dry the 
resulting coal dust with the flue gas from a 
special-type self-contained furnace. In the thermal 
reaction (pyrolysis) chamber, the dried coal dust 
heats up quickly to 550-7000C as it mixes with a 
solid heat-transfer agent (pulverized coke) circulating 
in the system and preheated to 850-950 0C In a 
process furnace. As the two mix during pyrolysis, 
the coal forms coke breeze and a mixture of com-
bustible gas, resinous and pyrogenous water vapors. 
Upon dedusting in cyclone separators, the mixture Is 
subjected to fast cooling whereupon it Is fed to the 
gas cleaning and condensation plant. 

The excess coke breeze formed during pyrolysis is 
cooled down to 75-80 0C and Is used as a commer-
cial product. 

The ETKh-175 energy efficiency Is said to be about 
85 percent, with account for the energy losses and 
auxiliary power. The plant will be supplemented 
with facilities for obtaining liquid tar resins, motor 
fuel and coal tar, various chemical products and for 
making coke breeze briquettes from a mixture of 
brown coal and coal tar. 

PROGRESS MADE ON CIVOGAS PROCESS IN BRAZIL 

CIENTEC,	 the official	 institute	 of technology of the 
state	 of	 Rio Grande	 do	 Sul,	 Brazil,	 carries out 
research	 and development	 (R&D) in	 the	 areas of 
energy,	 chemistry	 and	 ecology. C1ENTEC's coal 
gasification program	 started	 in the	 mid-1970s. 
Researchers chose	 to	 begin	 the development of

4-28	 SYNTHETIC FUELS REPORT, DECEMBER 1989 



fluidized-bed reactor technologies because it was 
believed that such reactors, being quite versatile, 
would be best to process different kinds of Brazilian 
high-ash coals. 

A paper presented at the Pittsburgh Coal Conference 
in September discussed results with the CIVOCAS 
Process--atmospheric coal gasification with air and 
steam in a fluidized-bed reactor for the production 
of low-BTU fuel gas. 

The CIVOGAS Proeea 

The CIVOGAS process pilot plant Is shown schemati-
cally in Figure 1. This atmospheric pilot plant, 
whose capacity is five gigajoules per hour of low-
BTU gas, was designed to process Brazilian coals in 
a fluidized-bed reactor at temperatures up to 
1,000°C. 

Raw coal Is crushed so that all of it passes through 
an eight-mesh screen generating a small rate of 
fines under 100 mesh.

FIGURE 1 
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The coal	 is pneumatically transferred	 to	 two	 three 
ton-capacity feeding	 bins in	 series,	 located	 above 
the gasifier. The coal is transferred to the	 gasifier 
by means of a variable speed screw	 feeder.

In the reactor, the coal is fluidized and gasified 
with steam and air at temperatures up to 1,000°C. 
This pilot gasifier is about six meters high and 
0.9 meters Inner diameter.	 The bed height is 
usually 1.6 meters (maximum 2.0 meters). The coal 
Is gravity-transferred to the reactor through a pipe 
whose end is located slightly above the operational 
bed height. 

The steam-air mixture enters at the bottom through 
a gas distributor. The steam-air conical distributor 
consists of stainless steel pipes covered by dense 
castable refractory. 

The bottom ash (char), removed from the reactor 
through a pipe connected to the orifice located at 
the center of the distributor, is quenched in the 
char bin. The slurry is next pumped to the clarifier 
of the wastewater treatment plant. 

Operating Rafita 

The CIVOGAS pilot plant has been successfully 
operating for approximately 10,000 hours for the 
past six years. 

Various systems and equipment have been Improved 
to the point of becoming capable of providing reli-
able and consistent service during the test phase. 

This pilot plant has been working mainly with sub-
bituminous coals with ash content between 35 to 
55 percent weight (moisture-free). 

Table 1 shows the feedstocks, gas compositions, car-
bon conversions and cold gas yields obtained in 
characteristic tests. 

The best operating conditions to gasify low-rank 
coals In the fluidized bed have been found to be 
1,000°C, with the steam making up around 
20 percent by weight of the air-steam mixture. 

The results obtained with Leao coal are significantly 
better than those for Candlota coal, the differences 
mostly due to the relative contents of ash and 
moisture in the feedstock. 

CIENTEC expects that In commercial plants or in 
larger gasifiers, better results will be obtained, 
regarding coal conversion rate, gas quality and cold 
gas yield due to greater major residence time, 
smaller heat loss, and greater heat recovery from 
the hot raw gas. 

PreScIass Canirat1an 

According to the CIENTEC researchers, the 
fluidized-bed distributor and the bottom char 
withdrawal system have been their main concerns, 
and much progress has been made. 
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TABLE 1 

TYPICAL GASIFICATION DATA FOR THE CIY(LAS PROCESS 

Coal Mine 

Bed Temperature (°C) 
Coat Feed Rate (dry kg/h) 
Air (kg/h) 
Steam (kg/h) 
Gas Analysis (dry	 Is %) 

CH 

1125 
lillY Dry Gas (MJ/tt3) 
Raw Gas Flow Rate (dry F*n3/h) 
Cold Gas Yield (%) 
Carbon Conversion Rate (Wt.%) 

Lean Lao Candiota 

985 995 940 
300 297 393 
601 537 558 
101 0 106 

21.1 15.4 17.9 
13.6 20.4 10.9 
1.4 1.5 1.1 
0.2 0.2 0.2 

10.2 5.9 10.6 
52.6 55.6 58.5 
0.7 0.8 0.8 
0.2 0.2 n.a. 
5.14 5.31 4.22 

697 590 582 
65 57 50 
68 63 60 

The first gas distributor designed performed poorly. 
The formation of clinker, which plugs the char dis-
charge system, brought many runs to a halt. It was 
learned that clinker formation takes place at low 
bed temperatures due to many factors, such as: 

- Poor fluidization near the distributor 

- High oxygen concentration in the gasifying 
agents 

- Low bed velocity 

- Inadequate hole distribution 

- Solid fuel concentration in the bed 

Different distributor designs have been tested, with 
the best performance being obtained with a conical 
shape. 

These improvements have made it possible to in-
crease the bed temperature up to 1,000 0 C (which 
brings about an increase in the coal conversion rate) 
without affecting the gasifier operation due to 
clinker formation. 

Thai COIIthYSUaIS 

Operators have verified that the	 gasifier can handle 
various coals with different ash contents, as well as 
other	 feedstocks, such	 as biomass. Thus	 the 
C1VOGAS Process opens	 the way for the production 
of fuel gas from a wide	 variety of	 run-of-mine or 
high ash coals.

After ten years of development, CIENTEC says the 
CIVOGAS Process Is ready to be scaled up to

commercial-size units to supply fuel gas for power 
generation or other industrial purposes. 

The pilot plant has also been used to produce 
medium heating value gas, in the CIGAS Process 
development effort. 

COAL GASIFICATION CHEAPER THAN IMPORTED 
NATURAL GAS IN EAST GERMANY 

According to a paper presented at the World Energy 
Conference in Montreal, Quebec, Canada in Septem-
ber, fuel gas produced by gasification of brown coal 
in East Germany (GDR) is more economical than Im-
ported natural gas. 

An entrained flow coal dust gasification system (the 
GSP Process) was developed in the period 1976 to 
1985. 

Its mode of operation Is widely independent from the 
fuel, so that brown coal, hard coal, coke, high-ash 
coal, and so-called salt coal as well as waste 
products can be processed. 

The process can be combined with treatment and 
conditioning methods in a way that synthesis gas, 
gas for energy use or reduction gas can be 
produced. It has been developed for capacity units 
of 50,000 cubic meters per hour of raw gas and can 
be enlarged to capacity units of 100,000 cubic 
meters per hour of raw gas per reactor. 

In the GSP Process, feeding of the pulverized coal 
into the gasification reactor is realized by means of 
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a dry pneumatic fuel supply using the dense flow 
transport principle. In the case of the gasification 
of brown coal having 10 percent water content and 
hard coal or coke having five percent water content 
the fuel is supplied to the reactor in a grain size 
range of about 80 percent below 0.2 millimeters. 

The cooling tubes are pinned on the inner side and 
coated with a special refractory stamping mass. For 
3.5 years this system has proved successfull in the 
technical high-capacity plant of the GSP. 

Since 1985 a plant with pulverized coal throughput 
of 30 tons per hour and a raw gas production 
capacity of about 50,000 cubic meters per hour has 
been on stream. 

Fixed Bed Gasification 

Most coal gas in East Germany Is produced by the 
fixed-bed pressure gasification (EPG) process. 

Under this technology, research work had been ac-
complished in East Germany, which will become of 
particular interest for the solution of specific energy 
problems. The gasification of cheap soft brown coal 
was the main objective of the research. 

The problem of soft brown coal gasification consists 
in the danger of dust formation within the reactor 
as well as in the high sensibility to coal quality 
variations, In particular of the chemical ash com-
position. 

By means of new measuring methods and computer 
techniques it has been found possible to process 
hitherto not accessible coal types and to guarantee 
high generator capacities (Figure 1). The gas 
produced, under the GDR price conditions, Is cheaper 
than Imported natural gas.

EXTENSIVE CHINESE COAL GASIFICATION EFFORTS 
SUMMARYZED 

At the Pittsburgh Coal Conference, held in Septem-
ber, a paper by P. Chen of the Beijing Research In-
stitute of Coal Chemistry (BRICC), Beijing, China, 
summarized the widespread use of coal gasification 
in China. According to Chen, the technology of 
coal utilization Is still backward, and the thermal 
efficiency of coal utilization is low, only about 
20-30 percent in China. 

China is the largest coal producing country in the 
world and production in 1987 was 925 million tons. 
Coal supplies 73 percent of the total primary energy 
consumption. 

Coal Gasification 

Resources of lignite and high volatile bituminous coal 
are abundant in China, and they are used as the 
feed to produce town gas. Recently, the pressurized 
fixed-bed gasification and two-stage gasification 
processes have been adopted to produce town gas 
from coal. For example, the Shenyang pressurized 
gasification plant with a capacity of 54,000 cubic 
meters per day has been built; and the Lanzhou 
pressurized gasification plant of the same capacity 
and the Yuan pressurized gasification plant with a 
capacity of 1,600,000 cubic meters per thy are un-
der construction. In the 1960s, a pressurized 
gasification pilot unit with a diameter of 1.12 meter 
was constructed at Shenyang Gasification Research 
Institute.	 In the 1980s, a test unit of 0.65 meter 
diameter was set up in BRICC. The test results 
have been provided to the cities concerned as a 
basis for feasibility studies or designs of commercial 
gasification plants. 

In addition, there are more than 4,500 units of at-
mospheric gasifiers in the whole country for produc-
ing low heating value fuel gas and synthetic gas 
from coal. In the 1970s, a chemical fertilizer plant 
was set up in Yunnan province by using Lurgi pres-
surized gasifiers of 2.7 meter diameter. The pres-
surized gasification of a coal water slurry has com-
pleted a model test with a coal throughput of 
20 kilograms per hour and achieved success in a 
pilot unit of 1.5 tons per hour. The carbon conver-
sion reached 95 percent, with a cold gas efficiency 
of 66 percent. 

For water-gas generation, coke was first used as 
feedstock. In the 1950s, experiments of using 
anthracite to replace coke were successful, thus 
reducing the production cost of ammonia by 
25-30 percent. In order to substitute coal bri-
quettes for lump anthracite, BRICC developed a coal 
briquetting process in which humate was used as a 
binder to produce synthetic gas for chemical fer-
tilizer production. This process has been applied to 
production. 

In order to meet the needs of coal gasification in 
medium and small towns as well as mining areas, 
China has also developed techniques of two-stage 
gasification of water gas.	 In 1986, a two-stage 
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water	 gas	 generator	 with	 a diameter	 of 1.6 meters 
was	 tested	 for	 producing medium	 BTU	 gas from 
Foshan	 and	 Benxi	 coal. Ash agglomerating 
fluidized-bed	 gasification	 of pulverized coal, aiming 
at	 producing	 low	 BTU	 gas, has	 been tested in	 a 
gasifier with	 a diameter of 0.3	 meters and a daily 
coal	 throughput	 of	 one	 tone. A	 pilot test	 is being 
carried out.

Coal Liquefaction 

Coal liquefaction projects are also considered to be 
key coal conversion efforts in China. By converting 
coal into clean liquid fuel, the environmental pollu-
tion caused by direct coal combustion can be 
reduced. 

In the early 1980s, China renewed study on direct 
liquefaction with emphasis on converting coal into 
clean liquid fuel by direct hydrogenation. Two con-
tinuous process units (CPU) were set up at the Beij-
ing Research Institute of Coal Chemistry. The 0.1 
ton per day continuous liquefaction unit set up 
jointly by China and NEDO (New Energy Development 
Organization) of Japan has been operating for more 
than 1,000 hours. A 5 kilogram per hour CPU using 
"New German Technology" was introduced from the 
Federal Republic of Germany. To study various coal 
liquefaction processes and operation conditions, a 
1.8 kilogram per hour slurry continuous liquefaction 
unit from Xytel Company of the United States was 
installed.

At present, research is being carried out in the fol-
lowing areas (1) evaluation of coal liquefaction 
characteristics; (2) suitability of coal for small-scale 
continuous liquefaction units; 	 (3) selection and
evaluation of catalysts, and (4) upgrading of coal 1i 
quefaction products. 	 Tests have shown that some
Chinese lignite and high-sulfur coal are ideal 
feedstocks for liquefaction. The high sulfur 
bituminous coal from Tengxian and Belau of Shandong 
province have very good liquefaction behavior and 
the oil yield can reach 50 percent. The liquefaction 
behavior of lignite from Inner Mongolia and Yunan is 
also good. A Ni-Mo catalyst, natural iron ore pow-
der, ferrous disulfide, red mud from several 
aluminium factories and some compounds containing 
iron have been tested successively. 

Research on indirect liquefaction, i.e., modification 
of the F-T synthesis process, is being carried out by 
the Shanxi Research Institute of Coal Chemistry of 
the China Academy of Science. Based on laboratory 
study and tests in a single tube of 50 millimeter 
diameter, a pilot test with an output of 
100 kilograms per day of synthetic oil is undergoing 
tests in a chemical fertilizer plant. 
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ENVIRONMENT 

FINAL EIS ISSUED FOR CLEAN COAL TECHNOLOGY 
PROGRAM 

In November the United States Department of Energy 
Issued the Final Programmatic Environmental impact 
Statement (PEIS) on the Clean Coal Technology 
Demonstration Program. 

The draft EIS was reviewed in the Pace Synthetic 
Fuels Report, September, 1989, page 4-39. 

The proposed action evaluated in this PEIS is to 
continue the Clean Coal Technology Demonstration 
Program (CCTDP) involving the selection, for cost-
shared federal funding, of one or more clean coal 
projects proposed by the private sector. The PEIS 
addresses the environmental consequences of the 
widespread commercialization of the successfully 
demonstrated clean coal technologies by the private 
sector In the year 2010. This analysis of program-
matic issues, along with additional environmental in-
formation and analysis containing business confiden-
tial or proprietary information, will be used by the 
United States Department of Energy (DOE) in making 
decisions on specific proposals during the selection 
process. 

The PEIS evaluates a no-action alternative, which 
assumes the CCTDP is not continued and that con-
ventional coal-fired technologies with conventional 
flue gas desulfurization controls would continue to 
be used, and a proposed action alternative, which 
assumes that CCTDP projects are selected for funding 
and that successfully demonstrated technologies un-
dergo widespread commercialization by the year 
2010. 

The analysis of environmental consequences focuses 
on changes to four parameters of concern; namely, 
sulfur dioxide (SO 2), oxides of nitrogen (NO,), carbon 
dioxide (CO 2), and solid wastes. An upper bound of 
change to each of these four parameters was es-
timated for each of 22 clean coal technologies, 
separately, assuming full penetration of potential 
markets. Using results from the Regional Emission 
Database and Evaluation System (RELIES), the PillS 
shows that repowering and retrofit of New Source 
Performance Standards capable clean coal tech-
nologies could lead to a significant reduction in SO2 
and NO X relative to the no-action alternative in 
2010. Repowering technologies are the only 
category in which all technologies could lead to a 
measurable reduction in CO2. The amount of solid 
waste generated under the proposed alternative 
varies with each technology, ranging from a maxi-
mum Increase of 23 percent to an equivalent 
decrease relative to that of the no-action alterna-
tive.

Commercialization of	 the	 clean	 coal	 technologies 
would have	 a	 beneficial	 effect	 on air	 quality	 and 
could contribute to	 amelioration	 of the	 impacts	 of 
acidic deposition. Impacts	 on	 CO2 emissions	 from

clean coal technologies would be a direct function 
of the quantity of coal burned; thus if commer-
cialization of clean coal technologies results in 
changed use of coal resources, the technologies 
would contribute to a change in CO 2 emissions. 
Potential effects of the CCTDP on land use, water 
resources,	 ecological systems,	 endangered and 
threatened species, socioeconomic resources, and 
human health and safety are also evaluated in the 
PUS. 

The PEIS includes changes made In response to com-
ments received on the draft P515. 

Comments were received only from the following in-
dividuals or organizations: 

- Robert H. Shannon 
- Fuels Management, Inc. 
- Electric Power Research Institute 
- United States Environmental Protection Agency 
- Department of Health and Human Services 
- Public Citizen 
- Tennessee Valley Authority 
- United States Department of the Interior 
- Ohio Ontario Clean Fuels, Inc. 

The only entirely negative comment received was 
that from Public Citizen, which urged that the en-
tire Clean Coal Program be scrapped in favor of 
more effort on conservation and renewable resources. 

A significant comment from others questioned the 
selection of the year 2010 as the year for compar-
ing the proposed action against the no action alter-
native. If certain acid rain control legislation now 
under consideration in Congress Is enacted, most 
power plants would have to take action to control 
emissions by the year 2000. Therefore any clean 
coal technologies not fully commercialized until 2010 
would be too late to have a significant impact. 
DOEs reply was that the date 2000 for Phase 2 
reductions is still only a legislative proposal and 
may be modified or not enacted. 

No extensive changes were made to the draft PUS 
as a result of comments received. 

BLM RECOMMENDS NO WILDERNESS DESIGNATION IN 
MONTANA POWDER RIVER AREA 

The Powder River Wilderness Environmental Impact 
Statement has been issued by the United States 
Bureau of Land Management for the Powder River 
Resource Area, Miles City District, Montana. 

This Wilderness Suitability Study/Final Environmental 
Impact Statement (FEIS) describes and analyzes the 
environmental, social, and economic effects of desig-
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noting or nor designating two wilderness study areas 
(WSAs) in the Powder River Resource Area as wilder-
ness. The study areas are Buffalo Creek 
(5,650 acres) and Zook Creek (6,438 acres). Buffalo 
Creek and Zook Creek WSAs are being studied under 
the authority of Section 603 of the Federal Land 
Policy and Management Act. The alternatives con-
sidered in the study are All Wilderness and No wil-
derness. The proposed action is to recommend both 
WSAs as unsuitable for wilderness designation.

The locations of the two wilderness study areas are 
shown in Figure 1. 

Based on this analysis and other documents, the 
Secretary of the Interior will make a recommenda-
tion to the President. Congress will make the final 
decision on wilderness designation. 

FIGURE 1 
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Zook Creek WSA 

The entire acreage would be recommended as non-
suitable for wilderness designation. The area would 
be managed under the existing Resource Management 
Plan /Environmental Impact Statement (RMP/EIS) for 
actions other than wilderness. Motorized equipment 
would be used to maintain existing projects and 
recreational off-road vehicle (ORV) use would con-
tinue. The primitive recreation and supplemental 
values of the WSA would be retained. However, the 
sights and sounds of offstte mining would reduce 
naturalness on 20 percent of the area Intermittently 
for a five year period. 

There were concerns expressed by the public that 
wilderness designation would prohibit onsite coal 
mining. This Is not considered to be a significant 
Issue because the potential for onsite coal develop-
ment Is low. Although the United States Geologic 
Survey and Bureau of Land Management (BLM) have 
identified 464 million tons of coal in the WSA as 
high and moderate potential for development, other 
factors discussed below reduce the potential for 
development. 

Of the 8,438 acres In the WSA,	 4,438 acres
(291 million torts) would be removed from leasing 
consideration because of Unsuitability 
Criterion 15--wildlife habitat designation. An addi-
tional 2,400 acres has a very low potential for mm-
lag because of the difficulty of reclamation. This 
acreage is Land Capability Class VU because of 
topography, depth to bedrock, rock outcrops and 
steepness of slope. Based on the low potential for 
mining, the impacts of wilderness designation on fu-
ture onsite coal mining is not considered a sig-
nificant Issue. No tracts remain which are suffi-
ciently large for mining. Furthermore, no intent to 
mine has been shown by Industry.

Buffalo Creek VISA 

The entire acreage would be recommended as non-
suitable for wilderness designation. The area would 
be managed under the existing RMP/EIS for actions 
other than wilderness. The area would continue to 
be grazed and existing projects would be maintained. 
The entire area would be open to ORV use and to 
mineral leasing and development.	 Two oil and gas 
wells would be drilled. Five hundred eighty seven 
acres would be mechanically treated by chiseling and 
one hundred two acres of poor and fair condition 
range would improve to good. 

There were public concerns that wilderness designa-
tion would prohibit onsite coal mining. This is not 
considered to be a significant Issue because the 
potential for onsite coal development is low. Al-
though the United States Geological Survey has 
ranked the quality of the 70 million tons of coal 
(55 million tons in WSA and 15 million tons outside 
of the WSA In aliquot parts) as high and moderate 
development potential, 	 other factors reduce the
potential for development. 

This coal amounts to 0.1 percent of the total coal 
available for leasing in the Montana portion of the 
Powder River coal region. Reclamation potential is 
questionable on 229 acres in land capability Classes 
VU and VIII due to topography, depth to bedrock, 
rock outcrops and steepness of slope. The area is 
extremely remote from any railroads. Based on the 
low potential for mining, impacts of wilderness 
designation on onsite coal development Is not a sig-
nificant issue.

#4fl 
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RESOURCE 

IRA PROJECTS DEMAND FOR COAL TO RISE 
33 PERCENT BY 2000 

Demand for coal In the OECD (Organization for 
Economic Cooperation and Development) area is 
forecast to rise 2.4 percent per year up to the 
year 2000, the International Energy Agency said in 
the 1989 edition of its annual publication, Coal In-
formation. Total coal demand is likely to increase 
33 percent to the equivalent of 1,604 million metric 
tons, as measured In standard calorific units, from 
1,209 million metric tons (Mmt) in 1988. 

Electricity production in the OECD is likely to row 
2.3 percent a year to 8,541 terawatt hours by the 
turn of the century from 6,484 terawatt hours in 
1988. Coal demand for electricity generation should 
rise about three percent a year but coal demand for 
uses other than electricity will grow more slowly, 
according to forecasts based on projections submitted 
by lEA (International Energy Agency) member 
countries and Secretariat estimates. 

Total coal consumption for power generation will in-
crease to 1,258 million metric tons of coal equiv-
alent (Mtce) in 2000 from 886 Mica In 1988. (A 
ton of coal equivalent Is defined as having a heat 
content of seven million kilocalories. It ap-
proximates the average heat content of hard coal 
produced and consumed in the OECD countries. Heat 
contents of brown coal and lignite are considerably 
lower.) 

Coal Information 1989 offers Information on coal 
prices, demand, trade, production, ports, power sta-
tions, reserves and emission standards for OECD 
countries, New information in the 1989 edition hr 
eludes broader analysis of international price trends, 
International coal trade projections by outside or-
ganizations and coal supply balances of major non-
OECD coal importing and exporting countries. 

Highlights of 1988 coal activity include: 

Total OECD coal demand grew 3.3 percent in 
1988 to 1,209 Mice from 1,171 Nice in 1987. 
Coal's share of total primary energy require-
ments in the OECD	 was stable at 
21.1	 percent	 in	 1988	 compared	 to 
21.1 percent in 1987. Power stations con-
tinued to account for the largest share of 
coal demand, about 73 percent in 1987 and 
1988. 

World	 hard	 coal	 production	 increased
1.4 percent in 1988 to 3,323 Mmt from 
3,276 million metric tons In 1987. The OECD 
countries with the largest coal production in-
creases were Canada, up 18 percent to 
38.6 Mmt from 32.7 Mmt, and the United 
States, up three percent to 783.5 Mmt from 
761.1 Mmt. Among the non-OECD countries 
significant volume increases were reported in

China, up two percent to 899 Mmt from 
879 Mmt, in the USSR, up two percent to 
$26 Mint from 516 Mmt, and In India, up 
four percent to 187 Mmt from 180 Mmt. 

During 1988 both the level of world coal 
trade and coat prices rose. Hard coal 
traded worldwide increased 6.8 percent to 
371 million metric tons from 348 Mmt n year 
earlier.	 Average lEA steam coal import 
prices increased by seven percent 	 to
$48.95 per ton of coal equivalent (tee) from 
$45.66 per tee In 1987, reflecting high 
demand from electric utilities and a tight 
supply in some exporting countries. 

Most of the expansion in coal trade was in 
the coking sector. Growth in world steel 
production helped propel coking coal exports 
up 10 percent to 182 Mmt from 166 Mmt in 
1987. Although Australia remained the 
largest coking coal exporter with 57.6 Mmt, 
up five percent from 54.7 Mmt, both Canada 
and the United States reported stronger ex-
port growth. Canadian coking coal exports 
rose 23 percent to 27.6 Mmt from 22.4 Mmt. 
United States coking coal exports increased 
20 percent to 56.2 Mmt from 46.9 Mmt. 

Mast of the growth in Import demand was in 
Asia. Japanese hard	 coal	 imports rose 
ii	 percent	 to	 101 Mmt	 from	 91	 Mmt, ac-
counting for over 40 percent of the 23 Mint 
increase in	 total world	 coal	 trade to 
371 Mmt from 348 Mmt.

Other Asian countries increased their imports to 
61 Mmt from 54 Mmt with South Korea, Taiwan, 
Hong Kong and India accounting for most of the in-
crease. 

BLACK THUNDER MINE NEARS 25 MILLION TONS 
OUTPUT 

Wyoming's Black Thunder coal mine led the nation In 
coal production last year, according to a National 
Coal Association report. The 1989 edition of Coal 
Employment/Production Statistics shows that Thunder 
Basin Coal Company surface mine in Campbell 
County, Wyoming, was the top producer in 1988 with 
output of 24.9 million tons of subbituminous coal 
(Table 1). It was the fifth consecutive year that 
the Black Thunder facility, a subsidiary of ARCO 
Coal Company, held the top position. 

The number two position in the West was held by 
Western Energy Company's Rosebud #6 surface mine, 
in Rosebud County, Montana, which produced 
16.1 million tons in 1988. 
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TABLE 1 3.	 Kerr-McGee Coal Corp. 
Jacobs Ranch Mine 

LARGEST PUfflJCIM) GOAL MINES Wyoming	 14,532,770 
IN THE UNITED STATES, 1988

4.	 Cordero Mining Co. 
Cordero Mine 

Rank Mine Production Wyoming	 13,541,200 

East of the Mississippi 5.	 AMAX Coal Co. 
Belie Ary Mine 

1. Consolidation Coal Co. Wyoming	 13,295,470 
Bailey Mine 
Pennsylvania 5,314,360 6.	 AMAX Coal Co. 

Eagle Butte 
2. Peabody Coal Co. Wyoming	 12,915,250 

Lynvi lie 
Indiana 3,649,580 7.	 The Carter Mining Co. 

Cabello 
3. Consolidation Coal Co. Wyoming	 12,779,920 

Blacksviile No.2 
West Virginia 3,589,890 8.	 Texas Utilities Mining Co. 

Martin Lake Strip 
4. Peabody Coal Co. Texas	 12,573,480 

Federal No.2 
West Virginia 3,452,840 9.	 The Coteau Properties Co. 

Freedom Mine 
5. Central Ohio Coal Co. North Dakota	 11,651,120 

Muskingum Mine 
Ohio 3,400,510 10.	 Decker Coal Co. 

Decker Mine 
6. Consolidation Coal Co. Montana	 10,815,260 

Humphrey No. 7 
West Virginia 3,373,770 

7. Pyro Mining Co. The top	 two producing	 mines	 east	 of the Mississippi 
Pyro No. 9 were	 Consolidation	 Coal	 Company's	 Bailey	 Mine	 in 
Kentucky 3,296,770 Green	 County,	 Pennsylvania, 	 which	 produced 

5.3	 million	 tons	 and	 Peabody	 Coal	 Company's	 Lyn-
8. AMAX Coal Co. nville	 Mine	 in	 Warrick	 County,	 Indiana,	 which 

Ayrshire Mine produced 3.6 million tons. 
Indiana 3,211,710

The nation's smallest producer	 reporting to the	 Mine 
9. Southern Ohio Coal Co. Safety and Health Administration (MSHA) in 1988 was 

Meigs #2 Dufour '1" Coal Company	 #1	 Mine,	 Rockhold,	 Ken 
Ohio 3,153,570 tueky,	 reporting	 only	 10	 tons	 of	 coal	 mined during 

1988. 
10. U. S. Steel Mining Ct. 

Gary #50 During	 1988	 there	 were	 3,532	 producing	 mines 
West Virginia 3,062,470 reported in operation	 that produced	 939 million tons 

of coal using an average	 of	 118,633 miners. 	 These 
West of the Mississippi and	 other	 salient	 statistics	 contained	 in	 the	 report 

are	 derived	 from	 1988	 MSHA	 quarterly	 address-
1. Thunder Basin Coal Co. employment-production 	 data	 for	 anthracite	 and 

Black Thunder bituminous coal and lignite mining operations. 
Wyoming 24,862,470

On a mine-by-mine basis, the statistics are presented 
2. Western Energy Co. for	 1,179	 mines	 with	 annual	 production	 of 

Rosebud #6 100,000 tons or more. 
Montana 16,135,110
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SOCIOECONOMIC 

PER SUPPLEMENTAL EIS PREDICTS SEVERE 
SOCIOECONOMIC IMPACT ON CHEYENNE TRIBE 

The United States Bureau of Land Management 
prepared a Powder River Basin (PRB) Supplemental 
Environmental impact Statement (US) is In response 
to the decisions and orders of the United States 
District Court for the District of Montana in' North-
ern Cheyenne Tribe v. Hodel issued May 28, 1985, 
and October 6, 1986. The 1986 order suspended two 
leases issued in Montana as part of the 1982 Powder 
River Round I coal sale. The order allowed opera-
tions to continue on leases Colstrip A & B, Colstrip 
C, and Coistrip D, pending completion of an 
economic, social, and cultural Supplemental US by 
the Bureau of Land Management fflLM). Federal coal 
tracts in Wyoming were not included in the court 
orders. 

The supplement corrects the deficiencies in the 1981 
Final Powder River Regional Coal Environmental Im-
pact Statement (Powder River I FEIS) by addressing 
the possible economic, social and cultural impacts to 
the Northern Cheyenne Tribe and Reservation from 
development of Powder River Round I federal coal 
leases in Montana. The analysis of other types of 
impacts is contained in the Powder River I FEIS; it 
was not determined by the Court to require sup-
plemental analysis. 

Rbt*rhml Background 

In 1979, the Secretary of the Interior adopted a 
new program for the management of federal coal. 
Under the program, the BLM began work on a 
regional lease sale activity plan for the Powder 
River coal region which comprises counties in 
southeastern Montana and northeastern Wyoming 
(Figure 1). The sale was designed to meet national 
energy demands for federal coal from the Powder 
River coal region. 

The first step in the federal government's coal leas-
ing process is land use planning. The potential coal 
lease tracts were delineated from the acceptable 
areas identified in the Powder River Resource Area 
Management Framework Plan (MFP) Update Report 
(July 1979). This document updated three underlying 
land use plans; the South Rosebud, Coalwood, and 
Decker-Birney MFPs. Acceptable areas were iden-
tified by applying four "screens" to federal lands: 
high or moderate coal development potential, un-
suitability criteria, multiple land use decisions, and 
surface owner consultation. As a result of the un-
suitability assessment, some coal areas were dropped 
from further consideration for leasing. 

After the completion of land use planning, BLM 
called for expressions of leasing interest for those 
areas found acceptable for further consideration. 

Expressions of interest and other geologic and mining 
information were used to delineate federal coal

tracts for potential leasing under the guidance of 
the Powder River Regional Cmii learn (aCT). 

Individual tract delineation reports were prepared 
which provided pertinent coal resource and mining 
information. This information was used to develop a 
site specific environmental analysis for each tract. 
Environmental, social, and economic factors pertinent 
to or affected by development of each tract were 
included in these analyses. The original Round I 
Tract Profile Reports were then prepared which sum-
marized the tract delineation report and included 
impacts determined to be significant or controversial 
in the site specific analyses. 

The Powder River Regional Coal Team developed 
tract ranking factors for use In the Powder River I 
FEIS.	 Based on that tract ranking process, which 
considered coal data, environmental data, and 
socioeconomic data, each of the 24 Power River I 
coal tracts were designated as having low, medium, 
or high "desirability of leasing." 	 Eleven of those
24 tracts are in Montana; the remainder are in 
Wyoming. Table 1 shows the ranking for the 
11 Montana tracts based on socioeconomic factors. 
The overall ranking is also shown; it is a composite 
of the rankings for coal, socioeconomic, and environ-
mental factors. The Powder River Regional Coal 
Team then grouped the 24 Montana and Wyoming 
tracts into seven leasing alternatives for study in a 
regional coal US. 

Each of the seven leasing alternatives were analyzed 
for impacts, and a final Powder River i US was 
published in December 1981. Of the 24 tracts 
studied in the Powder River I FEIS, the Secretary of 
the Interior approved the offering of 14 federal coal 
tracts, eight of which were in the Montana portion 
of the Powder River Region (Table 1). 

In April and October 1982, the United States Depart-
ment of the interior held the Powder River Round I 
federal coal lease sale. Bids were received on six of 
the eight Montana leases offered. Of these six bids, 
all six were accepted as representing fair market 
value, however, only five of the six leases were 
issued (Table 3 
Shortly before the April 1982 federal coal sale of-
fering, the Northern Cheyenne Tribe filed suit in 
United States District Court for the District of 
Columbia against the Secretary of the Interior alleg-
ing that the Powder River I FEIS did not consider 
the sale's effects on the Tribe or Reservation. 
After denying the Tribe's request to issue a tem-
porary restraining order to stop the sale, the Court 
transferred the case to the United States District 
Court for the District of Montana. 

On May 28, 1985, the Montana District Court deter-
mined that the Department of the Interior had not 
complied with applicable federal law during the leas-
ing process. In particular, the Court found that the 
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FIGURE 1 
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Round	 I	 FEIS was	 flawed	 because	 of	 its	 lack	 of: After appeal by the Department 	 of	 the Interior, the 
(A)	 economic, social,	 and	 cultural	 impact	 analysis Court in October, 1986,	 rescinded the portion of the 
specific	 to	 the Northern Cheyenne Tribe and Reser- 1985	 Order	 that	 had	 directed	 cancellation	 of the 
vation,	 and (B) discussion on ways	 to	 mitigate such Montana	 leases.	 The	 Court	 allowed	 operations to 
effects.	 In the Order that	 accompanied the	 deci- continue	 on	 "maintenance"	 tracts	 Colstrip	 A	 & B, 
sion, the Court directed the Secretary to cancel the Coistrip C, and Colstrip D.	 The Court also provided 
Montana leases which BLM had issued in 1982. for halting mining on these three leases if that mm-
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TABLE 1 

MONTANA TRACT RANKING--PONDER RIVER I

Bid 
Offered Received 

Socloeco,1omic Overall 	 for	 and 
Tract	 Ranking—	 Ranking! Sale	 Accepted 

Coist rip A & B Medium-High High Yes Yes 
Coistrip C Medium-High High Yes Yes 
Coistrip D Medium-High High Yes Yes 
Spring Creek High High Yes No 
North Decker Medium High Yes No 
West Decker Medium High Yes Yes 
Cook Mountain Lay Medium Yes Yes 
Coal Creek Low-Medium Medium Yes Yes2 
Decker-Birney (Ashland) Low Medium No 
Northwest Otter Creek Low Medium No 
Southwest Otter Creek Lay Medium No 

As recommnded by the Powder River 11Cr on October 2, 1981. 
Rankings	 indicate "desirability of leasing." 

2The Coal Creek lease has not been issued.

ing is shown to cause significant socioeconomic im-
pacts. Finally, the Court suspended the remaining 
Montana leases that were issued (Cook Mountain and 
West Decker) until the Supplement to the Powder 
River I FEIS was prepared. 

The October Order concludes that the Secretary must 
reconsider whether the five Montana leases (the 
Cook Mountain new mine tract and the West Decker, 
Colstrip A & B, Colstrip C, and Colstrip D 
expansion/extension tracts) should have been issued 
and whether additional mitigating measures should be 
imposed. 

The majority of concerns expressed by the Tribe fell 
in the areas of social concerns (including services), 
concerns about the impacts on belief and value sys-
tems and impacts to the physical environment. 

The Supplemental EIS contains five alternatives: two 
"baseline alternatives" (High and Low) and three 
"leasing alternatives" (2A, 2B, and 4). The baseline 
alternatives are the "no action" alternatives, while 
the leasing alternatives involve leasing of Powder 
River I federal coal. 

The BLM presented two baseline, or "no action," al-
ternatives because of uncertainties about future 
baseline energy development in the Powder River 
Region of Montana; both baselines assume no addi-
tional Powder River Round I federal coal leasing. 

The High Baseline Alternative ("No Action") is the 
baseline that was used in the original Powder River 
I FEIS. It includes the existing five Montana coal 
mines and four electric power generators plus the 
following five proposed projects in the area: 	 the
Monteo coal mine, CX Ranch coal mine, Greenleaf-

Miller coal mine, Wolf Mountain coal mine, and the 
Tongue River Railroad. These four coal mines and 
the railroad are private ventures that are not de-
pendent on Powder River I federal coal to operate. 
Future Montana coal market conditions will, to a 
great extend, determine whether these five projects 
are built between now and the year 2005. It is 
reasonable to expect that market conditions would 
have to improve over current levels before these 
projects would be implemented. 

The Low Baseline Alternative ("No Action") includes 
only the five existing Montana coal mines and the 
four electric power generators in the study area. 
The Low Baseline excludes the five proposed projects 
included in the High Baseline Alternative. The Low 
Baseline scenario more closely reflects 1988 market 
conditions for Montana coal. 

Each of the three federal coal leasing alternatives, 
designated Leasing Alternative 2A, 28, and 4 contain 
different mixes of new mine tracts in Montana. All 
three leasing alternatives contain the same six 
expansion/extension tracts (Table 1) and different 
mixes of new mine tracts in Montana. For example, 
Leasing Alternative 2A consists of the six 
expansion/extension tracts and the Northwest Otter 
Creek, Cook Mountain, and Coal Creek new mine 
tracts. 

Table 2 shows the different leasing alternatives con-
sidered in the original EIS. Because the supplemen-
tal £15 focuses only on the effects from Montana 
tracts, it analyzes only those three leasing alterna-
tives which contain different sets of Montana tracts. 

All cases considered, including the two baseline 
cases, show moderate to severe effects on the cul-
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TABLE 2 

POWER RIVER 1 LEAZI IC ALTE(&TIVES (fl4TAI NI IC WWANA TRACFS 

Tract Leasing Alternatives 
Tract Mont Type 2A 2B 2C 3A 3B 3C	 4 

CoI[stripA&B M.E. X X X X X X	 X 
ColstripC M.E. X X X X X X	 X 
ColstripD M.E. X X X X X X	 X 
North Decker M.E. X X X X X X	 X 
Spring Creek M.E. 31 31 31 31 X X	 X 
West Decker M.E. 31 31 31 31 31 X	 X 
Coal Creek N.M. 31 31 X 31 31 31	 X 
Cook Mountain N.M. X X X 31	 X 
Decker-Hi rney 

(Ashland) N.M. X 
Northwest Otter Creek N.M. X 31 31 31 X 31	 31 

Southwest Otter Creek N.M. x 

M.E. denotes mine "expansion/extension" tract 
N.M. denotes "new mine" tract 

NOTE:	 Leasing Alternatives 2A, 2C, 3A, and 3C all contain the 5mm Montana 
tracts.	 (Leasing Alternative 3C is the Regional Coal Team's Preferred 
Alternative).

ture, social well being, and social organization of 
the Northern Cheyenne Reservation. 

Impacts Under the High Baseline Alternative 
('No Actic&) 

Changes under the High Baseline Alternative ("No 
Action") between 1986 and the year 2005 result 
primarily from natural population increases and the 
assumed Implementation of five projects mentioned 
earlier that have been proposed by various companies 
for the Powder River Region of Montana. Future 
market conditions for Montana coal will determine 
whether these five projects are built between now 
and the year 2005. 

There would be Increases In employment, population, 
household income (mainly coal job payroll), and busi-
ness activity on the Reservation from the High 
Baseline Alternative. In addition, there would be 
needed expenditures on key public services to ac-
commodate the associated population influx. The 
population change would be comprised primarily of 
natural population increase and of Northern Cheyenne 
moving back to the Reservation to find employment 
associated with the High Baseline Alternative. 
Changes in non-Native American population on the 
Reservation are not constrained by the limited 
amount of housing available. 

Given the current poor condition of many public 
services on the Reservation, they would be severely 
burdened by both on and off Reservation population 
growth associated with the High Baseline Alternative. 
Services that are expected to be most affected are 
housing,	 water delivery system, health services

(including ambulance and urgent care), education, law 
enforcement, fire, social services (child abuse, spouse 
abuse, welfare, etc.), and roads. These services are 
presently funded from a mix of Indian Health Serv-
ices (INS), Bureau of Indian Affairs (WA), Tribal, and 
other sources. There Is no guarantee that funds 
would be available to meet the Increases in demands 
associated with the High Baseline Alternative. Tribal 
revenues are not expected to increase In response to 
off-Reservation coal development. Consequently, 
given current Tribal fiscal conditions, it Is extremely 
unlikely that the Tribe would be able to generate 
sufficient revenues to fund these needed service ex-
penditures. Many of these services are currently 
below standards and would require additional In-
creases In expenditures In the face of increased 
demand associated with the High Baseline just to 
maintain existing service shortfalls. 

The Northern Cheyenne have not shared in past 
economic gains from regional coal development in 
either employment or business activity in proportion 
to their present composition of the local population. 
Consequently, It is unlikely that the Northern 
Cheyenne Tribe or Reservation would share substan-
tively in the benefits from the coal development as-
sociated with the High Baseline Alternative. Native 
American participation in the coal mine-related labor 
force associated with the High Baseline Alternative 
Is estimated at 27 Jobs out of the 826 total direct 
jobs generated in the region. This reflects the fact 
that Native American employment in Montana's Pow-
der River Basin mines has averaged approximately 
3.5 percent of the total labor force, absent any sort 
of special hiring agreement. 
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Impacts from Leasing Alternative 4 

Impacts to the Northern Cheyenne from this leasing 
alternative are expected to be the most extensive of 
the three leasing alternatives examined in the 
Supplement. Table 3 provides information on how 
impacts from this leasing alternative compare to 
Leasing Alternatives 2A and 28. 

The total increase in the number of direct and in-
direct employees residing on the Reservation from 
Leasing Alternative 4 In the year 2005 is expected 
to be 168 measured against the High Baseline, and 
174 against the Low Baseline. This is a 30 percent 
Increase and a 37 percent change, respectively, in 
the year 2005. 

The total annual increase In on-Reservation household 
Income in 2005 associated with these employment 
changes would be 23 percent over the High Baseline 
Alternative and 30 percent over the Low Baseline. 
Business activity in 2005 is forecasted to Increase 
by only $910,000 under the High Baseline and 
$1,010,000 under the Low Baseline, an increase of 
six percent over both baselines. This is a very 
modest increase when compared to the $1.6 billion 
increase over both baselines for the rest of the 
Powder River Region of Montana. The economic ties 
between the Reservation and the rest of the Powder 
River Region of Montana are extremely weak. This 
means that the Reservation is not likely to benefit 
significantly from the regional increase in economic 
activity in terms of jobs, construction contracts, 
general business activity, 	 or increases in Tribal
government revenues. 

Total population increase on the Reservation due to 
Leasing Alternative 4 would be 623 people in the 
year 2005 with the High Baseline Alternative, and 
802 with the Low Baseline. This is a 10 percent 
increase over the High Baseline Alternative and 
14 percent over the Low Baseline. 

Under Leasing Alternative 4, in-migration of non-
Native Americans onto the Northern Cheyenne Reser-
vation would be constrained by the limited amount 
of housing available for non-Native Americans. The 
housing situation could change if the Tribe or a 
private entity were to make additional housing avail-
able on the Reservation in the future. This would 
require the commitment of development capital and, 
In the ease of Tribal Trust Land, action by the 
Tribal Council. 

Services that are likely to be affected by people 
moving onto the Reservation as part of this leasing 
alternative include housing, health care, education, 
fire protection, social services (e.g., child/spouse 
abuse, welfare, alcohol treatment), roads, and law 
enforcement. Impacts on health care and social 
services would be almost totally from Native 
Americans because non-Native Americans are not 
eligible for these services except for urgent medical 
care and ambulance service. 

Impacts to Reservation services and infrastructure 
are also likely from Leasing Alternative 4 because of

the large off-Reservation population growth that 
would result from development of the new mine 
tracts contained in Leasing Alternative 4. The total 
three-county (Big Horn, Powder River, Rosebud) off-
Reservation population increase associated with Leas-
ing Alternative 4 is 3,737 (11 percent) over the High 
Baseline Alternative and 2,600 (eight percent) over 
the Low Baseline. This level of population growth 
would affect Reservation roads (commuter and truck 
traffic), law and order, and social services (e.g., 
counseling), among others. 

Northern Cheyenne Tribal revenues are not expected 
to Increase as a result of Leasing Alternative 4 
since Tribal revenue sources are not linked to 
regional coal development. This can create serious 
problems for the Tribe because the Tribe would, for 
the most part, be unable to generate any additional 
revenues needed to respond to impacts that would 
occur from development. However, expenditures for 
on-Reservation services would have to increase sig-
nificantly under Leasing Alternative 4 for services to 
remain at baseline levels. Several services and some 
elements of the Infrastructure are currently below 
standards. These substandard services would probably 
continue to deteriorate moderately from existing 
levels under the Low Baseline Alternative. A more 
marked deterioration would occur under the High 
Baseline Alternative. By adding Leasing 
Alternative 4 to the Region, it is very likely that 
the Northern Cheyenne Reservation would experience 
severe long-term impacts to its service and in-
frastructure systems. It is unlikely the Tribe could 
finance sufficient revenue to merit these increased 
service demands through its existing revenue struc-
ture. 

Impacts to social organization and social well-being 
would be severe from Leasing Alternative 4. The 
Reservation would become an increasingly diverse 
place. Conflict between Native American and non-
Native Americans and among Native Americans would 
increase; simultaneously, the need for Native 
Americans to coordinate and cooperate In solving 
problems associated with this population growth 
would also increase. Increases in stress associated 
with changes in social organization, housing crowd-
ing, service/Infrastructure shortfalls, and increased 
availability of illegal drugs in surrounding com-
munities could lead to increases in alcoholism, drug 
abuse, family violence, crime, and feelings of 
deprivation because the Reservation would receive 
the negative impacts, but few benefits from regional 
coal development. 

Impacts	 to	 cultural	 conditions	 from	 Leasing 
Alternative 4 include: (1) the transformation of 
Earth-Surface Dome into Dead Earth and the conse-
quent destruction of spiritual attributes of the en-
vironment, (2) change in the distribution and density 
of ritually significant bird and mammal species which 
may make their acquisition more difficult, (3) 
destruction of springs which would cause irreparable 
damage to the spirits associated with the springs, (4) 
continued physical/spiritual and matter/substance in 
the universe and force Northern Cheyenne plant col-
lectors to change the areas they collect from, (5) 
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TABLE 3 

SUMMARY OF IMPACTS F 	 LEASING ALTERNATIVES 
(PtrM]E CEAMIE OVER EME BASELINE) 

Northern Cheyenne Reservation 

Enployuent 

Population 

Household Incorne 

Business Activity 

Operating Expenditures for  
a) Social Services 

b) Roads 

c) Water/Sewage 

d) Fire 

e) Law Enforcentnt 

1) Health Care

Base-
line Leasing Alternatives 
Alter- 2A 2B 4 

natives!1990 2000 2005 1990 2000 2005 1990 2000 2005 

High 0 16 19 0 13 16 0 22 30 
Low 0 25 26 0 18 20 0 31 37 

High 0 7 8 0 7 7 0 8 10 
Low 0 11 12 0 10 10 0 12 14 

High 0 13 15 0 10 13 0 17 23 
Low 0 18 20 0 14 17 0 22 30 

High 0 3 4 0 2 3 0 4 6 
Low 0 4 4 0 3 4 0 5 6 

High 0 15 13 0 15 13 0 15 13 
Low 0 20 25 0 20 25 0 20 25 

High Road imintenance costs are likely to increase under 
Low all leasing alternatives. 

High 0 6 6 0 6 6 0 7 8 
Low 0 9 9 0 8 8 0 10 11 

High 0 28 25 0 28 25 0 33 26 
Low 0 45 50 0 45 44 0 73 63 

High 0 11 11 0 10 10 0 11 14 
Low 0 15 17 0 15 15 0 18 20 

High 0 7 7 0 6 6 0 7 9 
Low 0 10 10 0 8 9 0 11 12 

g)Housing High 0	 8 8 0	 7 7 0	 8 10 
Low 0	 12 12 0	 10 10 0	 13 14 

h)Education High 0	 7 8 0	 7 8 0	 9 11 
Low 0	 11 12 0	 10 11 0	 12 15 

Culture High Severely Inpacted Severely lnpacted Severely lirpacted 
Lay Severely Inpacted Severely inpacted Severely lnpacted 

Social Well-Being High Severely Impacted Severely Inpacted Severely inpacted 
Low Severely Inpacted Severely Inpacted Severely Inpacted 

Social Organization High Severely lnpacted Severely Inpacted Severely lnpacted 
Low Severely lnpacted Severely Inpacted Severely lnpacted 

'Both Baselines assurm no Power River I federal coal leasing. 
2These are necessary additional operating expenditures brought on by the population growth 
associated with each leasing alternative. 

3 1ncludes welfare, spouse/child abuse counseling,	 etc.
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disturbance	 of	 burial	 sites, early	 Cheyenne	 homes-
teading	 sites,	 battle	 sites, and	 areas	 used	 in	 the 
past	 for	 religious	 purposes that	 retain	 spiritual	 at-
tributes,	 (6)	 terrain	 alterations which would disturb 
the	 physical	 and	 spiritual relationship	 between	 the 
Holy	 Lodge	 and	 its	 environmental 	 setting,	 and	 be-
tween	 Birney	 and	 Ashland Villagers	 and	 their	 en-
vironmental setting, (7) loss of access to these areas 
east	 of	 the	 Reservation which	 would	 limit	 the 
Northern	 Cheyennes'	 ability to	 continue	 to	 collect 
essential	 earth	 paints	 used in	 the	 Sun	 Dance,	 (8) 
terrain alterations	 and the increasing population den-
sity associated with these proposed new mines which

would change the physical and spiritual aspects of 
the environmental setting and reduce the seclusion 
and privacy necessary for ongoing religious practices, 
and (9) the increasing frequency and diversity of 
contacts with the dominant society which would 
change the lifestyles of Northern Cheyenne and in-
crease racial tensions on both sides. 

The EIS concludes that impacts to cultural conditions 
would be severe under Leasing Alternative 4. 
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RECENT COAL PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Sixth Annual Pittsburgh Coal Conference, held in Pittsburgh, Pennsyl-
vania, September 25-29: 

Nulls, D.A., et al., "LOP Co-Processing Developments." 

Ross, D.S., at al., "Hydrothermal Pretreatvment Effects on Co-Processing." 

Shannon, R., "The Prototype Commercial Coal Oil Coprocessing Project in Ohio." 

Gray, D., "A Techno-Economic Evaluation of Coprocessing Technologies 

MacArthur, J.B., et al., "Coal/Oil Co-Processing Commercialization Reaches New Milestones." 

Giola, F., "Kinetics of Nitrogen Compounds Release in the Liquefaction of Coal." 

Surygala, J., at al., "Noncatalytic Hydrogenation of Brown Coal." 

lhnatowicz, M., at al., "Transformation of Iron Compounds In Hydrogenation Process of a Bituminous 
Coal with Different Iron Catalysts." 

Marco, I., at al., "Comparison of the Activities of Different Catalysts on the Liquefaction of a 
Spanish Coal in a Stirred Autoclave." 

Surygala, J., at al., "Chemical Structure and Susceptibility to Hydrogenation of Heavy Coal Derived 
Liquids," 

Yuan, Q., at al.., "Production of Town Gas by Methanation at Atmospheric Pressure." 

Yuan, Q., at at., "Methanation by Sulfur-Resistant Metallic Oxide Catalysts." 

IAn, L., et at, "Selective Synthesis of C 2-0 5 Hydrocarbons over Reduced Molybdenum Catalysts 
Prepared from Supported 12-Molybdophosphates." 

Cheng, M., at at, "Synthesis and Utilization of Coal-Based Alcohol Fuels in China." 

Dad, L.-Z., at at., "Synthesis of C 1-0 5 Alcohols from Coal Based Syngas." 

Wang, F.-Y., et at, "Mechanism of Methyl Formate Formation from Methanol Decomposition on Copper 
Based Catalyst." 

Elam, J.M., "Mild Gasification Liquid Characterization Data for Systems Modeling and Assessment." 

Jha, M.C., at at., "Mild Gasification of Western Subbituminous Coal: Product Recovery and Upgrading." 

Chu, C.I.C., at at., "Advanced Concept for the Production of Value-Added Co-Products Through a Mild 
Coal Gasification Process." 

Sondreal, E.A,, at at, "The EMRC-AMAX Mild Gasification Process for Midwestern Bituminous and West-
ern Low-Rank Coals" 

Rom, U.S., at aL, "Hydrothermal Pretreatment Effects on Coal Pyrolysis." 

Baker, D.C., at at., "Environmental Characterization of the Shell Coal Gasification Process. H. Aqueous 
Effluent." 

Nizlnska-Bazaniak, B., "Steam Gasification of Coal Using Potassium Carbonate as a Catalyst." 

Davis, B.E., at at, "A Comparison of In-Situ and Surface Coal Gasification Processes." 

Chen, Q,, at al., "Calculation and Experiment into the Parameters of a Fluidized Circulating Bed 
Pyrolyzer for Fine Coal Gasification."
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Diwekar, IJ.M., at at, "Stochastic Modeling of integrated Coat Gasification Combined Cycle Systems 
Using Aspen." 

Ma, R.-T., at al., "Development and Present Condition of Coal Gasification in China." 

Darling, D.D., at al., "Oxidative/Steam Desulfurization and Mild Gasification of Coal." 

Green L., Jr., "Methanol from Coal by Flame-Free Gasification." 

Worsztyzowicz, A., at at., "Hot-Separator Heavy Bottom Recycle Effects in a Coal Liquefaction 
Process." 

Hertzberg, M., at al., "Fundamental Measurements of the Pyrolysis Rates and Combustion Behavior of 
Pulverized Coals." 

Shabtai, J.S., at al., "Low Temperature Depolyrnerization and Liquefaction of U.S. Coals," 

Anderson, L.L., at al., "Correlation of Coal Liquefaction Yields from Solvent Extraction and Pyrolysis." 

McMillen, D.F., at al., "Understanding the Chemistry of Coal Liquefaction: 	 Does it Make Any
Difference?" 

Mliii, T.-C., at al., "Coal-Derived Diesel #2 Fuel." 

Wise, R., "Transportation Fuels Derived from Coal." 

Medina, R.J.,	 at al., "Co-Processing Coal and Tar-Sands Resid:	 A New Approach to Alternative
Transportation Fuels." 

Babe, S.P., at al., "Potential for Transportation Fuels Produced by Mild Gasification." 

Schellberg, W., at al., "PRENFLO - Pressurized Coal Gasification." 

Ma, R.-T., et al., "A Pilot Plant of Two-Stage Fluidized Circulating Pyrolyzer/Gasifier." 

Ferret, L.S., "Desulfurization in Coal Conversion Processes at CIENTEC." 

Thompson, B., at al., "the BGL Gasifier - Experience and Application." 

Beisohn, D.S., at al., "the Fate of Trace Elements in the BGL Gasifier." 

Gallas, Pd., et al., "Gasification of High Ash Contents Coals (Low-Rank) in Fluidized-Bed Reactor." 

Floyd, F.M., at al., "Process Considerations in Commercial Applications of M.W. Kellogg's KRW Coal 
Gasification Technology." 

Watts, Dii., "Cool Water Operating Results - Implications for New GCC Plants." 

Geertsema, A., "Synfuels and Chemicals from Coal." 

The following papers were presented at the Electric Power Research Institute's 1989 Conference on Technologies 
for Producing Electricity in the 21st Century, held in San Francisco, California, October 30-November 2: 

Yeager, K., "Power Generation to Meet the Competitive Challenge." 

Diehl, H., "towards an Environmentally Sound Energy Supply - The Development in the Federal 
Republic of Germany." 

Schilling, H., "Perspective of Power Plant Technology in the Federal Republic of Germany," 

Tagawa, S., "Energy Problems and Prospects for the Twenty-First Century." 

H!rayama, T., "Prospects for Advanced Technologies for Generating Electric Power." 

Theis, K., et al., "the Integration of HTW Coal Gasification Into a Combined-Cycle Power Plant." 

Pohl, H., "Prenflo: Flexibility in GCC Power Plant Design and Operation." 
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Weinzierl, K., "Combined Cycle Plant with Integrated Partial Coal Gasification." 

Martin, H., et at., "Advanced Concepts for Combined Cycles with an Entrained Flow (GSP) and 
Fluidized Bed (KRW) Gasification." 

Herbert, P., et al., "The British Gas/Lurgi (BGL) - Route from Coal to Electricity." 

Duerkop, A., at at., "Producing Electricity Based on the Allothermal MBG-Process." 

Specks, R., et al., 'Operation Experiences with the Synthesis Gas Plant RUUR - Propositions for IGCC 
Concepts." 

Hatherg, N., 'tong Term Expansion Planning and the Potential for IGCC in The Netherlands." 

Herbert, P., et al., "ACFB and PCFB Gasification of Biomass, Garbage, and Coals for Generation of 
Fuel-Synthesis Gas and Electricity." 

Siegart, W., "Texaco Coal Gasification, Its Continuing Development and Commercialization in the Gener-
ation of Electric Power." 

Jensen, R., et at, "SCGP - Efficient Clean Coal Power for Today and Tomorrow." 

Kato, S., "Outline of Plan and Construction of 200 T/D Entrained Bed Coal Gasification Power Genera-
tion Pilot Plant." 

Sundstrom, D., "Coal and Dow Gasification - Energy for the 1990s." 

Akatsuka, S., et at., "Development Status of HYCOL Process (Coal-Based Hydrogen Production 
Technology)." 

Rao, A., et al., "Perspective for Advanced High-Efficiency Cycles Using Gas Turbines." 

Becker, B., "Development of Gas Turbines in Germany." 

Emsperger, W., at al., "High Station Efficiency by Topping Coal-Fired Units with Gas Turbines." 

Evans, T., "The Virginia Power Chesterfield Unit 7 Combined-Cycle Project." 

Alien, R., "Gas Turbine Technology-MS 7001F, G...?" 

Mikata, K., "An Advanced Gas Turbine Combined-Cycle Power Generation Plant" 

Jacobi, C., "Development of Advanced Gas Turbines." 

Moore, fl., et at., "Economics of Integrated Production of Electricity and Clean Liquid Fuels." 

The following papers were presented at the 1989 International Conference on Coal Science, held in Tokyo, Japan, 
October 23-27: 

Harrison, J.S., et al., "Novel Aspects of Direct Liquefaction." 

Gray, D., et aL, "Quantification of Progress in Two-Stage Direct Coal Liquefaction in the United 
States." 

Moore, S.A., et al., "Reactivity of Coals in Two-Stage Liquefaction." 

Bockrath, B.C., et al., "Investigation of Liquefaction Reactions Using Molecular Probes." 

Tanaka, T., et at, "Coal Liquefaction Using Supercritical Water." 

Nishibayashi, T., et al., "Heat of Reaction for Coal Liquefaction and Solvent Hydrogenation." 

Saxena, S.C., et al., "Investigation of Heat Transfer Phenomenon in Three-Phase Slurry Bubble Columns: 
Simulation of Indirect Coal Liquefaction Process." 

Keogh, R,A., at al., "Liquefaction of Macerals Separated from a Single CoaL" 
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Deng, C.R., at al., "Change of Apparent Slurry Viscosity Due to Particle Swelling During Coal 
Liquefaction." 

Gorbaty, M.L., "Mineral Matter Chemistry to Improve Coal Liquefaction." 

Munekata, E., "Coal Liquefaction by Internal Heating Reactor." 

Harrison, C., at al., 'Hydrogen Transfer Reactions in Model Donor/Acceptor Systems." 

Okuma, 0., at al., "Study on Liquid Phase in Continuous Reactors Under Liquefaction Conditions." 

Ogo, Y, et al., "Analysis of Pressure Effect on the Component Reaction of Direct Coal Liquefaction by 
Model Compound Simulation." 

Shin, S.C., et al., "The Effect of Radical Quenching on Hydrogen Activity: Model Compound and Coal 
Hydroliquef action Studies." 

Suds, S., et al., "Solvent De-Ashing of Coal Liquefaction Products." 

Sato, S., at al., "Effect of Lignin Addition on Coal Liquefaction." 

Smith, B.E., "The Conversion of Coal to Syncrude then Transport Fuels: 	 Comparison of Different 
Routes Based on Hydroliquefaction." 

Inaba, A., at al.. "Analysis of Liquefaction Rate of Taiheiyo-Coal with Random Degradation Model of 
Chain Polymer." 

Kawal, S., at al., "Linear Free Energy Relationship (LFER) in the Reaction of Coal Liquefaction." 

Rusin, E., "Solvent Recovery and Yield of Products in a Coal Hydrogenation and Liquefied Coal Car-
bonization Process." 

Strobel, 8.0., at al., "The Limit of Solvent Donor Activity in Catalytic Coal Hydrogenation." 

Snaps, C.E., et al., "Correlation of NMR and CC-MS Data on the Hydrogen-donor Potential of Process 
Solvents Used in Coal Liquefaction." 

Bate, K., at al., "Changes in Yields and Composition of Rydroliquefied Products on Recycling in a 
Batch Autoclave." 

Stephens, H.P., et al., "Hydrous Metal Oxide Catalysts for Direct Coal Liquefaction." 

Mitchell, C.D., et al., "Microscopic Observations of Dispersed Liquefaction Catalysts." 

Snape, C.E., et al., "Novel Dispersed Catalysts for Hydropyrolysis and Low Temperature Hydrogenation 
of Coals." 

Song, C., et al., "Influence of Pore Structure of Nickel-Molybdenum Catalysts on their Performance in 
Upgrading of SRC." 

Nishijima, A., at aL, "Production of Gasoline from Coal-Derived Distillates." 	 - 

Cloke, M., at al., "Initial Catalyst Deactivation during Hydrocracking of Coal Extract Solutions." 

Ohuehi, T., at al., "rite Use of Stable Isotopic Ratios for Tracer Study: Applications of C 13 /C 12 and 
D/ll Ratios in Hydrocarbon Processing." 

Wlnschel, R.A., et al., "Distinguishing Coal and Petroleum Reactions in Coal-Oil Coprocessing." 

Kemp, W., et aL, "Coprocessing of Coal and Petroleum:	 The Role of Petroleum Asphaltenes in 
Solubility Mechanisms." 

Wallace, S., et aL, "The Influence of Petroleum Structure on Coal-Petroleum Co-Processing." 

Miki, Y., at aL, "Catalytic Hydrocracking of Heavy Fractions in Coal-OH." 
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Kimura, T., at al., "Hydrotreating of Victorian Brown Coal Derived Distillate Under the Presence of 
Co-Existent Gases." 

Ono, S., at al., "Effect of Coal Derived Naphtha Properties on Hydroderiltrogenation." 

Larkins, F.P., at al., "Upgrading Including Heteroatom Removal from Victorian Brown Coal-Derived 
Liquids." 

Schulz, H., • et al., "Alternative Reaction Routes during Coal Hydrogenation and Coal Derived Oil 
Upgrading." 

Shabtai, .1., at al., "Low-Temperature Coal Depolymerization-Liquefaction: 	 Conversion of a North 
Dakota Lignite to a Light Hydrocarbon OIL" 

Sakanishi, K, et al., "Removal of Ion Exchangeable Minerals from Australian Brown Coal and its In-
fluence on the Liquefaction." 

Jackson, W.R., at at, "The Mechanistic Studies of Reactions of Victorian Brown Coals with Carbon 
Monoxide and Water in the Presence of Sodium Aluminate." 

Masunaga, 7., at at., "Studies on the Initial Stage in Brown Coal Liquefaction." 

Kodera, Y., at al., "Solvent Extraction of Nitrogen Compounds from Coal Liquids." 

Cloke, M., at at, "Form of Trace Elements In Coal Extraction Solutions." 

Sato, Y., at al., "Effect of Hydrotreatment of Various Heavy Oils as Solvent on Coal Liquefaction." 

Ouchi, K., at al., "Temperature and Pressure Effect on the Liquefaction, Model Reaction." 

Inukai, Y., at al., "Effect of Preheat Treatment on Coal Liquefaction." 

Del Bianco, A., at at, "Evaluation and Comparison of Coal Reactivity in CO/Water/Base and Tetralin/112 
Systems." 

Takemura, Y., at al., "Dissolution Behavior of Coals in Phenolic Solvents." 

Rincon, J.M., at al., "Pre-swelling In the Liquefaction of Coal." 

Sakaki, T., at at, "Rheological Behavior of Coal-Oil Slurries Up to 473 K." 

Takeshita, M., at al., "Gas Hold-Up Equation for Suspended Bubble Column Reactor of Coal 
Liquefaction." 

Lee, L.K., at at., "Bubble Dynamics in a Three Phase Slurry Coprocessing Reactor." 

Schulten, H., at al., "Liquefaction and Thermal Reactivitles of Coals and their Maceral Composition." 

Yoshida, R., at al., "Colombian (Titiribi) Coal Liquefaction and Its Co-Processing with Venezuelan 
(Morichal) Crude OIL" 

Yamada, M. at at, "Promoting Effect of 11 2 5 on the Catalytic Hydrodenitrogenation of SRC-11 Heavy 
Distillate." 

Ogata, E., at at, "Catalysis of Sulfided Fe and Ni-Mo on the Hydrogenation of Polycyclic Aromatics." 

Xie, K.C., at al., "Catalyst and Kinetics for Hydrocracking of Phenanthrene Saluted in Cyclohexane." 

Saito, M., et at, "Dealkylation of Alkylquinolines." 

Futamura, S., at at, "rhermolysis and Hydrogenolysis of Model Organic Compounds Relevant to the 
Production of Long-Chain Hydrocarbons from Reactions of Coals." 

Yumura, M., at at, "The Study on the Molecular Model for Coal Liquefaction by Using Size Exclusion 
Chromatography." 

Foods, S.A., at at, "Coprocessing of an Eastern Canadian Bituminous Coal and Petroleum Residue." 
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Burke, P.P., at al., "Process and Recycle Oils in Two-Stage Coal Liquefaction." 

lkari, H., at al., 'the Contrast Among Coals, Liquefaction Products and Recycle Solvents in the Nedol 
Process." 

Yokokawa, C., at al., "Studies on the Catalysts for Coal Liquefaction - Specific Behaviours of Various 
Catalysts in the Hydrogenolysis of Coal-Model Compounds and a Solvent- RefIned-LIgnite (VI)." 

Braekman-Dartheux, C., at al., "influence of Catalytic Pretreatment on Coal Hydro-Pyrolysis." 

Kaneko, T., et al., "Hydrogenation Catalysis of Brown Coal Liquid Bottoms," 

Hirschon, A.S., et al., "Use of Promoters to Enhance Hydrodenitrogenation and Uydrodeoxygenation 
Catalysis." 

Yoshimura, Y., at al., "Deactivation of Nickel- M olybdate and Cobalt-Molybdate Hydrotreating Catalysts 
Due to Metal Deposition." 

Nagae, S., "Studies on Catalyst Deactivation During Secondary Hydrogenation In DCL Process." 

Kotanlgawa, T., et al., "Coal Liquid Upgrading with Steam over NiO-Fe 2 03 Catalyst." 

Gan, J.S., at al., "On the Activity and Transformation of Ferric Oxide in Lignite Hydroliquefaction." 

Sugawara, T., et al., "Desulfurization Kinetics in Rapid Hydropyrolysis of Coals." 

Ukegawa, K., at al., "A New Solvent Extraction Method for Nitrogen Compounds for Coal Tar 
Fractions." 

Pawlak, W., et aL, "Simultaneous Low-Severity upgrading of Subbituminous Coals and Heavy Oils." 

Knappstein, H., at al., "Research and Development on Underground Coal Gasification in Great Depth." 

Steinberg, M., "A Process Concept for Utilizing Fossil Fuel Resources with Reduced CO 2 Emission." 

Yokoyama, S., at al., "Chemical Structural Change In Product Oil During upgrading Reaction for SRC-11 
by GC-MS." 

Mashimo., K., at al., "Characterization of Hydrogenolysls Products from Basic Extracts of Low Rank 
Coals." 

Supaiuknari, S., at al., "Structural Characterisation of Some Thai Coals and Their Hydroliquef action 
Products." 

Maihotra, R., at al., "Factors Governing Efficiency of Hydrogen Utilization in Coal Liquefaction," 

Futamura, S., et al., "Design of the Most Pertinent Solvent System for Coal Liquefaction." 

Alnajjar, M.S., at al., "Sulfur-Centered Radicals in Coal Liquefaction: 	 Kinetics of Reactions of 
Sulfur-Containing Organic Free Radicals." 

Haeael, M.W., et al., "Catalytic Hydrogenation of Arenes in Coal." 

Mastral, A.M., et al., "Two Stages Dry Hydroliquef action of a Subbituminous Coal." 

Ikeda, K, at al., "A Study of Coal Pyrolysis under High Pressure." 

Nakata, T., at al., "Combustion Characteristics of Coal Derived Gaseous Fuel." 

Suzuki, T., at al., "The Reactivity of Various Coal Chars with Carbon Dioxide and Oxygen by Using 
Pulsed Gasification Technique." 

Vitaya, V.8., at al., "Analysis of Coal Gasifier Performance by Stoichiometric and Thermodynamic 
Approach." 

P	 Inumaru, .1., at al., "217/1) Pressurized Two-Stage Entrained Bed Coal Gasifier and the Test Results." 
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Harris, D.J., at al., "Reactivity to Carbon Dioxide of Petroleum Coke, Metallurgical Coke and Brown 
Coal Char." 

Kokorotsikos, P.S., at at., "the Effect of Potassium Adsorption on the Catalytic ilydrogasification of 
Lignite and its Chars." 

Stavropoulos, G,G., "The Role of Pore Structure in Two Stage Catalytic Gasification of Lignite." 

Ohtsuka, Y., at al., "Steam Gasification of High Sulfur Coals with Calcium Hydroxide." 

Asami, K., at al., "Gasification of Low Rank Coals with Chlorine-Free Iron Catalyst from Ferric 
Chloride." 

Meijer, It., at al., "Catalyst Loss and Retention during Alkali Catalysed Carbon Gasification in CO2." 

Nishiyama, Y., at al., "Product Selectivity in Catalytic Gasification of Carbons with Steam." 

Furusawa, T., at al., "Characterization of Coal Char Reactivity by the Number of Active Sites During 
CO2 Gasification." 

Hewing, G., "The Development of Underground Coal Gasification In West-Germany: Results, Conclusions 
and Outlook." 

Hamel, K., at al., "Modeling of Hot Gas Dust Collector for Integrated Coal Gasification Combined 
Cycle Power Plant." 

Raga, T., at al., "Deactivation and Regeneration of Catalysts for Coal Gasification." 

Kaiho, M., at al., "Investigation of Material and Thermal Balance of Coat Gasification." 

Kuo, K., at al., "The Concept of Active Surface Area as Applied to Char Gasification." 

Xie, X.C., at at., "Reaction Kinetics of the CO 2 Pressurized Gasification of Chinese Coals/Chars: 
Using DTA Techniques." 

Xie, B.C., at al., "Reaction Kinetics of the CO 2 Pressurized Gasification of Chinese Coal/Chars: Using 
TGA Techniques." 

Muhien, H.J., "Impact of Potassium Dispersion and Mass Transfer on the Kinetics of Catalysed H20- 
andCO2-Gasification." 

Kitano, K., at al., "Gasification of Coal Liquefaction Residue." 

Tsuji, 1'., at al., "Mathematical Modeling of Spouted Bed Coal Gasification." 

Sakata, Y., at al., "Gasification Reactivity of Coals Treated with Mineral Acids." 

Kojima, T., at al., "Structural Difference Among Chars Produced at Various Heating Rates and its Ef-
fect on Gasification Rate of Char." 

Kojima, T., at al., "Effects of Flow Pattern and Temperature Profile on Produced Gas Composition in 
an Experimental Jetting Fluidized Bed Coal Gasifier." 

Pugmire, R.J., at al., "A Chemical Model of Coal Devolatilization Using Percolation Lattice Statistics." 

Ikeda, K., et al., "Estimation Model of Products from Coal Pyrolysis." 

Schenk, J.L., at al., "Computer Model of Pyrolysis of Large Coal Particles." 

Sankar, S.R., at al., "Simultaneous Heat and Mass Transfer in the Drying and Devolatilization of Wet 
Low-Rank Coal." 

Tromp, P.J.J., at al., "Quantitative Heat Effects Associated with Pyrolysis of Coals." 

NIlcsa, S., at al., "Interpreting Coal Devolatilization as a Flash Distillation Driven by Competitive 
Kinetics for Depolymerization and Reattachment." 
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Klcee, W., at at, "Reaction Rates of Coke and Coal in Molten Iron." 

Gonzalez de Andres, A.l., at al., "Mass and Heat Transfer Phenomena During Pyrolysis of Chlorinated 
Coals." 

Miura, K., at at, "Flash Pyrolysis of Coal Treated by Several Solvents." 

Nelson, P.F., "The Formation of PolycycUc Aromatic Hydrocarbons by Condensation Reactions during 
Rapid Coal Pyrolysis." 

Chen, J., at at, "Rapid Coal Devolatilization in a Radiant Coal Flow Reactor." 

Hammer, H., at al., "Supercritical Extraction of Bituminous Coal." 

Matsunaga, T., at al., "Direct Contact Reforming of Volatile Matter from ilydropyrolyzed Coal with 
Pillared Clay Catalysts." 

Wanzl, W., at at, "Chemical Nature of Liquid Product from Coal Hydropyrolysis in an Entrained Phase 
Pyrolyser." 

Matsui, H., et al., "Characterization of Liquid Product from Coal Hydrogenation." 

Tyler, R.J., et at, "The Agglomerating Behaviour of Coals in the CSIRO Flash Pyrolysis Process." 

Aiura, M., at at, "Studies on the Coking Reaction of Brown Coal Liquid Bottoms." 

Hatano, H., at al., "Influence of Coal Rank and Operating Conditions of Coke Oven on the Properties 
of Tar and Pitch." 

Solomon, P.R., at at, "Kinetics of Coal Pyrolysis." 

Takeuchi, M., et al., "Fast Pyrolysis of Some Western Canadian Subbituminous Coals." 

P15, J.J., et at, "Activation of Different Spanish Coals by Carbon Dioxide." 

Furuta, T., et at, "Pyrolysis of Coal Liquefaction Residues and Characterization of Tar Obtained." 

Sato, S., et at, "Pyrolysis of Synthetic and Natural Mixtures of Lignite and Oil Shale from Rundle 
(Australia)." 

Nomura, M., et at, "New Route to Coal Chemicals - Hydrodealkylation of SRC Fractions." 

Wanzl, W., at at, "Distribution of Nitrogen and Sulfur In Gaseous and Liquid Products from Coal 
Pyrolysis and Hydropyrolysis." 

Ku, W.C., at at, "Catalytic Hydrocracking Reactions of Coal Volatiles." 

Grabler, K.-H., at at, "Catalytic Conversion with Modified Zeoiltes of Coal Pyrolysis Products and Sol-
vent Extraction Zeolites." 

Maa, P.S., et at, "Catalytic Coal Hydropyrolysis." 

Matula, W., "Integration of Coal Liquefaction and Coking Processes." 

The following papers were presented at the International Underground Coal Gasification Symposium 1989, held In 
Delft, The Netherlands, October 9-11: 

Kindermann, F., Dr., "Underground Coal Gasification in the European Context." 

Krabieli, K., "Introduction to UCG Technology.' 

Ledent, P., "Retrospect of UCG Research in Western Europe." 

Bailey, A.C., Dr., "Aims of the European Working Group on UCG." 

Li, T.-K. "UCG Technology for European Coal."
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Pottier, J., "Economic Prospect of Deep Coal Underground Gasification." 

Hewing, C., "Proposal for Future European IJCG Development." 

Mostade, M., "UCG Cavity Growth Mechanisms at Shallow and Great Depth: A Critical Evaluation." 

Thorsness, C.B., at al., "Analysis of Material and Energy Balances for the Rocky Mountain 1 UCG Field 
Test." 

Patigny, J., "What Can Be Learnt from the Thulin Experiment?" 

van Batenburg, D.W., at al., "Product Gas Composition in Channel Gasification." 

Ledent, P., "Filtration Gasification at Great Depth." 

Szuminskl, A., at al., "Stability Problems of Boreholes Connected with Underground Gasification of Coal 
Seams at Great Depth." 

Zechner, R., at al., "Corrosion Simulated on WeU-Equipment for UCG in Great Depth." 

Fuhrmann, F., at al., "Reverse Combustion in a Two-Dimensional Flow-System - Modeling and 
Calculation." 

Zechner, R., at al., "Model Calculations of the Temperature Distribution on the Production Well for 
Material Selection of the Well Equipment." 

van der Meer, Th. H., at al., "Natural Convection Mass Transfer in a Tunnel During Underground Coal 
Gasification." 

Knappstein, K., at al., "investigations on Spontaneous Ignition by a Modified Crossing Point Method." 

Ro de, Ph., at al., "Modeling of UCG Flow Distribution." 

Bruining, .3., at al., "Probabilistic Simulation in Underground Coal Gasification." 

Siebert, J., "In Situ Test and Measuring Methods for Monitoring Coal Seam Properties." 

Martin, J.W., at al., "Thermo-Mechanical Modeling of Ground Movements Associated with Large Under-
ground Coal Gasification Cavities in Thin Coal Seams." 

de Pater, C.J., at al., "High Temperature Properties of Rock for Underground Coal Gasification." 

Wolf, K.-H. A.A., at al., "Laboratory Tests on Carboniferous Overburden Rock; Textural and Mineralogi-
cal Properties at Elevated Pressure and Temperature." 

Kuhnel, R.A., at al., "Sensing of Temperatures in an Underground Gasifier by Means of Particles: 
Constraints of Open Systems." 

Kowol, K., at al., "The Chemical Properties of Waste Water Gathered During the Thalia UCG Field 
Test." 

Beaver, F.W., at al., "The Role of Hydrogeology in the Rocky Mountain 1 Underground Coal Gasifica-
tion Test, Carbon County, Wyoming." 

Pfrard, J.P., at al,, "Use of the Tracer Method for the Study of the Underground Gasifier at Thulin." 

Letolle, R., at al., "Stable Isotopes (11 2 , C13, Ø18) as a Tool for the Study of Underground Coal 
Gasification." 

Speicher, M., at al., "Permeability Stimulation of Monolithic Mineral Coal by Chemical Treatment." 

Pirard, J.P., at al., "Modeling of a Longwall Face Gasifier or a Gasifier with Multiple Fronts in 
Parallel." 

Steinberg, M., at al., "Pumping Carbon and Hydrogen Out of the Ground Using the HYDROCARB 
Process."
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Hahn, O.J., "Electrochemical and Electrothermal Underground Conversion of Coal.' 

Witte, .1., et al., "Recent Developments on Steerable Drilling motors for Oilfield and Coal Mine 
Applications." 

Chandelle, V., "Well Completion for UCG." 

Hewel-Bundermans, H., at al., "Survey of Environmental Aspects." 

Speight, J.G., at al., "Rocky Mountain 1 Goundwater Restoration, First Treatment." 

Patigny, J., "Environmental Aspects of Producing Electricity Through Integrated UCG Combined Cycle 
Power Plant." 

COAL - PATENTS 

"Apparatus for Methane Production," Frederick A. Hauck, Richard T. Schneider - Inventors, United States Patent 
Number 4,869,729, September 26, 1989. A method and apparatus for producing methane by hydrolysis of aluminum 
carbide, the aluminum carbide being formed by reduction of aluminum hydroxide/aluminum oxide with carbon 
derived from low grade coal in the presence of a catalyst at a temperature of at least 1,250°C. The hydrolysis 
of aluminum carbide in the presence of an add catalyst forms aluminum hydroxide and methane, and the 
aluminum hydroxide, along with admixed impurities, is returned to the reducing step. 

"Feed Hopper Design," Charles M. Arbors, Hendricus A. Dirkse, Gunter Eckstein, Rudi Everts, James J. McCusker, 
James A. Salter, Andrew M. Scott, Taunts Terlouw - Inventors, Shell Oil Company, United States Patent 
Number 4,869,622, September 26, 1989. The present invention is directed to an apparatus and method for 
equalizing the flow rate of a combustible, particulate solids, such as coal, and gas mixture discharged from a 
feed vessel apparatus in a uniform manner to a pressurized receiving reactor, such as a gasifier. 

"Mill Arrangement with Temporary Storage Vessel and a Process of Operating the Same," Ernst Eichberger, Othmar 
Puhringer, Waiter Rockenschaub, Wilhelm Schiffer, Felix Wallner, Mont Wiesinger - Inventors, Voest-Alpine AG, 
United States Patent Number 4,867,787, September 19, 1989. In operating a mill including a blast furnace and a 
steel converter, It is difficult to mutually adapt the operations of the blast furnace and of the converter in a 
flexible way. When using scrap as a coolant in the refining process, undesired accompanying elements are intro-
duced into the metal melt. The invention consists in that, instead of a blast furnace, a direct reduction plant 
In combination with a meltdown gasifier are provided as the pig iron source. This aggregate is operated In 
combination with a single steel converter. The direct reduction plant, on its discharge side, Is connected both 
with the meltdown gasifier and with the steel converter via sponge iron transporting devices. The meltdown 
gasifier communicates with the steel convener via a transport line for molten pig iron. As the solid charge in 
the refining process sponge iron is exclusively used. 

"Process for Producing Gas Containing CO and 11 21" Roll Beak, Walter Maschlanka, Gera Papst - Inventors, United 
States Patent Number 4,865,626, September 12, 1989. A process for producing gas containing CO and H2from 
pulverulent to coarse-rained coal In a coal gasifier in which a fluidized bed is produced, and to which are 
supplied coal, oxygen and/or one or more oxygen-containing gases. The coal is supplied in counter-current to 
the gas removed from the fluidized bed. Thus, the coal is dried, degassed and preheated before it enters the 
fluidized bed. The upper limit of the particle size of the coal Is between about 10 millimeters and 
40 millimeters, and is determined by the volatile matter content of the coal. 

"Partial Combustion Burner with Spiral-Flow Cooled Face," ilendricus J. Hasenack, Ian Poll - Inventors, Shell Oil 
Company, United States Patent Number 4,865,542, September 12, 1989. Disclosed is a burner for the partial 
combustion of a solid carbonaceous fuel wherein coal, e.g., finely divided coal, Is supplied to a reactor space 
via a central channel disposed along the longitudinal axis of the burner, and oxygen-containing gas is supplied 
via two annular channels surrounding said central channel, and heat from the combustion is removed from the 
hollow front face of the burner by coolant flowed through said front face spirally about the longitudinal axis of 
the burner. 

"Production of Demercurized Synthesis Gas, Reducing Gas, or Fuel Gas," Robert M. Suggitt - Inventor, Texaco ln 
corporated, United States Patent Number 4,863,489, September 5, 1989. A process for the production of demer-
curized synthesis gas, reducing gas or fuel gas. Mercury-containing fossil fuels e.g., coal were reacted by par-
tial oxidation to produce gaseous mixtures comprising 11 21 CO, M20 CO 21 H2S, COS, entrained slag and/or ash, 
mercury vapor, and optionally CU41 NH3 , N 2 and Ar. Unexpectedly, the mercury vapor was produced in the 
reaction zone; and it was found to be thermodynamically stable even in the presence of 11 2 S under the strong 
reducing conditions that prevailed in the gas generator. No new sulfides or mercury were formed. The mercury 
vapors were removed from the main body of the process gas stream in a pressurized solvent scrubber at a rate-
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lively low temperature. By this means, the mercury vapor was condensed and simultaneously the mercury and 
sulfur contents of the clean process gas stream were reduced to low levels. In one embodiment, the last ves-
tiges of mercury were removed from the demercurized product gas stream by carbon sorption. 

"rreatment of Gas Liquor,"	 Peter W. 111am, Johann H. Wingard - Inventors, Union Steel Corporation of South 
Africa, Ltd. and Edward L. Bateman Ltd., United States Patent Number 4,861,446, August 29, 1989. A method 
and apparatus for converting a raw gas liquor such as the gas liquor resulting from a Lurgi-type coal gasifica-
tion process together with CO 2 and/or water by passing it through a plasma are heater and gas converter to 
convert it to a mixture of CO and H2. 

"Stable Aqueous Suspension of Partial Oxidation Ash, Slag and Char Containing Polyethoxylated Quaternary Am-
monium Salt Surfactant," Mitri S. Najjar, Louis S. Sorell, Farokh Yaghmaie - Inventors, Texaco Incorporated, 
United States Patent Number 4,861,346, August 29, 1989. A pumpable stable aqueous suspension of ash, slag, and 
char particulate matter produced by the partial oxidation of a carbonaceous charge fuel comprises 
1.0-50.0 weight percent particulate matter selected from the group consisting of ash, slag, and char and mixtures 
thereof, water, and about 0.1-10.0 weight percent of an alkyl -substituted amino based surfactant selected from 
the group consisting of alkyl-substituted aminobutyric acid, alkyl-substituted polyethoxylated amide and alkyl-
substituted polyethoxylated quaternary ammonium salt. 

"Process for Treating Syngas Using a Gas Reversing Chamber," Leszek Gawloski, Bernardus H. Mink, Adrianus J. 
Ooms, Ulrich Premel, Clifford C. Segerstrom, Jacob H. Sill - Inventors, Shell Oil Company, United States Patent 
Number 4,859,214, August 22, 1989. An apparatus and method for reversing the flow of a synthesis gas from a 
coal gasification reactor containing solids that tend to cause fouling of heat transfer surfaces by adjusting the 
volume and shape of a gas-reversal space within a chamber downstream of the reactor. 

"Interchangeable Quench Gas Injection Ring," Clifford C. Segerstrom - Inventor, Shell Oil Company, United States 
Patent Number 4,859,213, August 22, 1989. An apparatus for injecting quench gas (cooled syngas) through an in-
jection ring located around the circumference of the gasifier exit duct and having ports in communication with 
the Interior of said duct to achieve thorough mixing of the gasifier gas with the injected quench gas. Inter-
changeable rings having different configurations and dimensions of the ports may be used to accommodate various 
types of coal. The rings may be fabricated in sections for ease of maintenance and replacement. 

"Coal Gasification Well Drilling Process," Terry L. Logan - Inventor, Resource Enterprises Inc., United States 
Patent Number 4,858,689, August 22, 1989. An In situ coal gasification process for practice on a formation 
having one or more dipping coal seams that involves, directionally drilling a production wellbore into a burn 
module designated In each coal seam each from a separate surface location and, from one surface location, 
directionally drilling injection wellbores to a designated burn module in a coal seam. In practicing the process, 
a drilling platform is positioned to be proximate to a vertical line from a head or top end of each coal seam 
burn module for drilling, as nearly to the vertical as possible, a production weubore Into each coal seam enter-
ing the coal seam burn module above the head end, which drilling is then curved into that burn module to 
proceed longitudinally therein from end to end with pairs of Injection welibores drilled from a single surface 
location vertically through the coal seam that are then curved back Into the burn module at a certain vertical 
depth, to be at angles to, and spaced a desired distance from the side of each production weubore. Which In-
jection welibores are at angle to each production wellbore and are open, or are opened by perforating or slot-
ting, to receive a burn material or enhancer therein. The gaseous products of each coal seam burn module 
burning to be drawn to the surface through each production weilbore. 

Partial Combustion Burner," Hendricus J. Hasenack, Willem F. Kuypers - Inventors, Shell Oil Company, United 
States Patent Number 4,858,538, August 22, 1989. Disclosed is a burner for the partial combustion of a solid 
carbonaceous fuel, and suitable for use in an reactor having a plurality of burners wherein e.g., finely divided 
coal Is supplied to a reactor space via a central channel disposed along the longitudinal axis of the burner, and 
oxygen-containing gas Is supplied via an annular channel surrounding said central channel and configured for said 
gas to Intersect said coal at an acute angle, and heat from the combustion is removed from a dimensioned cur-
vilinear hollow front of the burner by coolant flowed radially at constant momentum through said hollow front. 

"Process for the Removal of Metal Ions from an Aqueous Medium Utilizing a Coal Gasifier Slag Composition," 
Daniel J. Najvar, Brian G. Pope - Inventors, Dow Chemical Company, United States Patent Number 4,857,203, 
August 15, 1989. A coal gasifier slag composition, and process utilizing a coal gasifier slag composition for the 
removal of a metal ion, or the ions of a plurality of metals, from an aqueous medium by contact of said coal 
gasifier slag composition with said aqueous medium. The coal gasifier slag, which Is regenerable by contact with 
a dilute acid, is employed as a contact mass for the removal from an aqueous medium of a metal Ion, or the 
Ions of a plurality of metals, derived from groups LB through VIlE, hA through VA, and VIII of the periodic table 
of the elements. The coal gasifier slag is useful for removing a metal ion, or the ions of a plurality of metals, 
from Industrial waste water, groundwater, mine water and the like, or as a landfill, or as a protecting layer ad-
jacent to or surrounding land fills, surface Impoundments, tank farm beds and the like. 
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"Process for Producing Pig Iron Using Coal Degassing Reactor to Form Reductants," Rolf Hank, Gero Pepsi - In-
ventors, Korf Engineering GMBH, United States Patent Number 4,857,105, August 15, 1989. A novel process for 
producing molten pig iron or steel raw material is described. The pig iron Is initially at least partly reduced to 
sponge iron by means of a reducing gas and Is then melted in a melting gasifier, being optionally finally 
reduced. Apart from the sponge Iron, the melting gasifier Is supplied with coal at least partly degassed by a 
hot gas and oxygen-containing gas. The hot gas used for this purpose Is formed from the gas produced during 
degassing and a supplied, oxygen-containing gas. The latter is preferably constituted by air, which can be 
preheated by the gas produced during degassing. 

"Process for Removing Flyslag from Gas," Michael W. Potter - Inventor, Shell Oil Company, Shell Oil Company, 
United States Patent Number 4,857,077, August 15, 1989. A process for the treatment of flyslag from the 
gasification of coal is described, the process being characterized, in one embodiment, by mixing of the flyslag 
with a cementitious material, a composition capable of converting sulfides in the flyslag at least to sulfur, and 
an aqueous waste stream from the gasification of coal, In specified proportions. A composition comprising flys-
lag, a cementitious material, and a composition capable of converting sulfides In the flyslag at least to sulfur, Is 
also disclosed. 

"Activated Coke Method of Removing Nitrogen Oxides from Exhaust Gases," Harald Juntgen, Karl Knoblauch, Ek 
kehard Richter, Ham-Jurgen Schmidt - Inventors, Sergwerksverband GMBH, United States Patent Number 4,855,116, 
August 8, 1989. Use of activated carbon for reduction of nitric oxides with ammonia from exhaust gases using 
ammonia as reduction agent in the temperature range between 90 0 -150 0C made from hard coal, blended with 
binding agents like pitch, bitumen, tar or tar oil, shaped and subjected to low-temperature carbonization with a 
heating rate of 20 0 -100°C per minute to temperature between 700 0 -900 0 C In an atmosphere containing two to 
five percent by volum of oxygen, so that for the activated coke two to eight percent of volatile matter and a 
surface of 20-150 AM per gram is arrived at. 

"Hydrogenation Catalyst for Coal Tar, a Method of Hydrogenation of Coal Tar with Use of Such Catalyst, and a 
Method of Producing Super Needle Coke from the Hydrogenation Product of Coal Tar," Mitsuaki Masuo, Tadashi 
Murakami, Mikio Naicaniwa, Yoshio Nakayama - Inventors, Nippon Kokan, United States Patent Number 4,855,037, 
August 8, 1989. Described is a catalyst used for hydrogen treatment of coal tar characterized in that about 10 
to 30 weight percent of Mo oxides as first catalyst component and about one to six weight percent of Ni 
and/or Co as second catalyst component, both related to the total catalyst weight, are supported on a porous 
inorganic substrate consisting essentially of alumina or silica alumina, and in that the mean pore size Is about 
eight to 18 nanometers, the pore size distribution is such that the total pore surface Is higher than about 
100 square meters per gram. Also described are the method of hydrogen treatment with use of the catalyst, 
and the method of producing a super needle coke suitable for the preparation of graphite electrodes, which con-
sists in subjecting the hydrogenated oil resulting from such hydrogen treatment to delayed coking. 

"Process for Producing Carburized Sponge Iron," Rolf Hank - Inventor, Korf Engineering GMBH, United States 
Patent Number 4,854,967 0 August 8, 1989. A process for producing sponge iron from iron ore is described, which 
is reduced to sponge iron in a reduction shaft furnace by means of a hot reduction gas. For this purpose 
reduction gas at a temperature in the range 750 to 900 0 C is introduced Into the shaft furnace on a level with 
the bustle plane, having been produced in a gasifier then cooled and purified In a cyclone separator. Reduction 
gas Is also introduced below the bustle plane at a temperature below that of the reduction gas introduced in 
the bustle plane and is preferably introduced Into the shaft furnace between 650 0 and 750 0C. Increased car-
burization of the sponge iron is obtained. Increased carbon separation also results through a volume Increase, 
particularly by Increasing the cross section through the lower part of the shaft furnace. Carburization is also 
assisted In that the ratio of the reduction gas quantity supplied below the bustle plane is made as large as pos-
sible compared with the reduction gas quantity supplied in the bustle plane. 

"Method and Apparatus for Drying Fine Coal," David G. Chedgy - Inventor, CLI International Enterprises inc., 
United States Patent Number 4,854,941, August 8, 1989. Methods and apparatus for drying fine coal including a 
heating member within a drying chamber, tumbling and agitating the coal, and allowing dried coal to escape from 
a drying zone through screens. 

"Method for Providing Improved Solid Fuels from Agglomerated Subbituminous Coal," Boleslaw L. Ignaslak, Jerzy S. 
Janiak, Wanda Pawlak, Au A. Turak - Inventors, Electric Power Research Institute, United States Patent 
Number 4,854,940, August 8, 1989. A method is provided for separating agglomerated subbituminous coal and the 
heavy bridging liquid used to form the agglomerates. The separation is performed by contacting the agglomerates 
with inert gas or steam at a temperature In the range of 2500 to 350 0 C at substantially atmospheric pressure. 

"Method for Preparation of Coal Derived Fuel and Electricity by a Novel Cogeneration System," Edmond C. Meyer, 
Lee G. Meyer - Inventors, Carbon Fuels Corporation, United States Patent Number 4,854,937, August 8, 1989. A 
method for preparing a transportable fuel composition and for simultaneously producing electricity by utilizing a 
novel cogeneration configuration. Coal or coal-derived fuels are used to generate electrical power. The waste 
heat from the power generation is used as the process heat for pyrolysis to produce a transportable, completely 
combustible slurry which contains particulate coal char and a liquid organic material. 
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"Novel Method for Extraction of Salts from Coal Tar and Pitches," Arnold Macher, Herbert Henske, Wolfgang 
Jaurnann,	 Rudolf Oberkobusch,	 Peter Siegfried - Inventors,	 Rutgerswerke AG,	 United States Patent 
Number 4,871,443, October 3, 1989. A method of removing salts from coal tar and coal pitches comprising 
washing coal tar or coal pitch In a pressure container with water and a carbon dioxide containing gas at a 
temperature and pressure near the critical point of the gas In the optional presence of at least one member of 
the group consisting of a solvent and an entraining agent, removing the liquid or dissolved tar or pitch to ob-
tain tar or pitch with a low salt content and removing the aqueous phase whereby all the resins remain in the 
tar or pitch.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes share September 19139) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-b) 

EPR1 assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has evolved over the seals 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 Ken-McGee owned unit was installed in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product h3drotreating 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 (TTSL) pros In the two stage 
approach, coal is first dissolved under heat and pleasure 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 n lighter, mote 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. 

flSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gener-
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the deashing step relocated downstream of the catalytic hydrotreatment 
Results showed that previous improvements noted for the two-stage approach were achievable (no loss in catalyst activity). Lower 
product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was continued in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based catalyst (AMOCAT 1-C) was 
developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substantially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAP distillate yield. Use of the first stage catat also reduced the deactivation of the more active second stage 
cat$yst. 

Later results showed that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from one 
stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst coat. 

Recent work emphasized identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Ferns) lignite. The Ohio coal run results suggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent. 

Current work using Amocat catalyst indicated the need to improve first stage stage reactor design. This led to modification of the 
LfD criteria which resulted in increased productivity corresponding to improved mixing. This imnrovernent was also demonstrated 
with low-rank (Powder River Basin) coal. Additional efforts regarding reactor optimization are required. 

Project Cost Construction and operating costs (through calendar 1985): $97 million 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AECI AMMONIA/METHANOL OPERATIONS - AECI Lit. ((>20) 

AECI operates a 100 ton per day methanol facility and a 1,00D ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totiek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs ICI's low pres- 
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys- 
tern generates additional steam, and has reduced requirements for land for ash disposal. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a mute to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation or other test cars on out 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked DIESAFOL" 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 technicall y but lacked economic 
feasibility, with the result that further work has been suspended. 

Project Cat: Not disclosed 

BHEL COAL GASIFICATION PROJECT - Bharat Heavy Electricals Limited, Hyderabad, India (C-40) 

Bharat Heavy Electricals Limited (BHEL), of Vikas Nagar, Hyderabad, India considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal capacity pilot scale Process and Equipment 
Development Unit (PEDU) has been built	 - 

BHEL as a manufacturer of power generation equipment has been involved in research and development activities related to ad- 
vanced power systems. These include coal gas based combined cycles. 

BEtEL's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coals. The coals normally available for power generation are non-caking and have ash content in the range 2545 percent by weight. 
The coals have high ash fusion temperature in the range 1,523-1j23 degrees IC 

In the PEDU, coal is gasified by a mixture of air and steam at around 1,173 degrees K and at a pressure or 1.013 MPa. 

Phase I of the Fluidized Bed Coal Gasification test oroaram in the pilot scale plant is continuin g The plant was commissioned in 
the early 1989 and further test trials are in p1021w. 

Project Cat Not disclosed 

BHEL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electrical Limited, India (C-SO) 

Bharat Heavy Electricals Limited (BHEL) of Hyderabad, India is carrying out a broad-based research program aimed at better and 
wider utilization of Indian coal resources. One phase of that program has involved building a small gasification combined cycle 
demonstration plant using a fixed bed coal gasifier. 

The Combined Cycle Demonstration Plant (CCDP) is installed at the coal research and development complex of BEtEL at Trichy. 
The net power generation capacity at full load is 6.2 megawatts. The CCI)? scheme consists of an air-blown, fixed bed, pressurized 
coal gasifier, an industrial gas turbine firing the low-BTU coal gas, and a waste heal recovery steam generator behind the gas tur-
bine, which supplies a conventional steam turbine/generator. 

The plant was commissioned in March 1988 and has been in test o peration since then. 
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STATUS OF COAL PROJECTS (Underline denotes changes sIan September 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The test nrocam on this plant is expected to be coraDleted by December 1990. A comprehensive test pro2ram is underway for ex-
ploiting the movirts bed gasification technoloev for commercialization, 

Project Cat: 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-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raffinate oil were produced from 20, tons coal in more than 2000 operating 
hours. 

By this new mode of operation, the oil yield is increas5d 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 to approximately 100 ppm 
and the sulphur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid Form in the 
Ruhrkohle/Ruhrchemie gasification plant at Ot,erhausen-Holten to produce syngas and hydrogen. 

The development program of the Coal Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process was finished at the end of 1987. The plant capacity is 9 tons/hour of coal or alternatively 24 
tons/hour of heavy vacuum residual oil. The first oil-in took place at the end of January 1988. Since then approximately 120,ODO 
tons of heavy oil have been processed. A convention rate over 90% and an oil yield of 85% have been confirmed. 

The project was subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cat DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle (C-iD) 

British Cal is building a pilot plant utilizing the Liquid Solvent Extraction Process, a two-stage system for the production of 
gasoline and diesel from coal. In the process, a hot, coal-derived solvent is mixed with coal. The solvent extract is filtered to 
remove ash and carton residue, followed by hydrogenation to produce a syncrude boiling below 30) 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 completion of construction and commissioning of a 23 tons per 
day plant at the Point of Ayrsite, near Holywell in North Wales. The project is financed by the British Coal with support from the 
European Economic Community, Ruhrkohle A. G. and British Department of Energy. Simon Carves Ltd. is the Main Plant Con-
tractor. 

Project Coat 20 million British pounds (1989 prices) construction cost plus 18 million British pounds (1989 prices) operating costs 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-80) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 kg slurry per hour, with a coal to oil ratio of 40:60, and employs a H2 Pressure of 
25 MPa, and a temperature of 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage I and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35% and 55% 
dal' coal have been obtained, depending on coal feed and process type.
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SFATUS OF COAL PROJECTS (Underline denotes changes since September 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Batch micro-autoclaves (50 cm3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis has 
been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (SHDI) has been developed and 
has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroliquefaction. The 
research has also been concerned with the upgrading (refining) of product syncrudes to specification transport fuels. Experimental 
studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and diesel fuel. Jet and 
diesel fuel combustion quality requirements, as indicated by smoke point and cetane number for example, have been achieved via 
severe hydrotreatment. Alternatively, less severe hydrotreatment and blending with suitable blendstocks has also proven effective. 
High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic exudes. Considerable effort has also been directed towards developing 
specialised analytical methodology, particularly via NMR spectroscopy, to service the above process studies. 

he work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) administered 
by the Australian Federal Government. 

Project Cat: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide nge of temperature (500 to 750 degrees C), coal particle residence time (10 sec to 
50 mm), heatup rate (50 degrees C/sec to 1ff' degrees C/see) coal particle size (50 to 300 microns) and additives (slaked lime, 
recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. Four dif-
ferent types of coal have been tried, Kentucky No.8 and Pittsburgh No.8 bituminous coal, a Mississippi lignite and a Wyvdak sub-
bituminous. Generally the yields of oils from bituminous coals range between 20-25% (MAP), and about 15% for subbituminous 
coaL 

Project Cost: $200,000 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company (C-95) 

Calderon Energy Company is constructing a coal gasification process development unit. The Calderon process targets the clean 
production of electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have been completed. Construction of the process development unit (PDU) is 
scheduled for completion by the end of 1989. Test operation is scheduled to begin upon completion of construction and extend 
through July 1990. 

The PDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pryolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to airblown gasification to yield a lean gas (low BTU 
gas). The process incorporates an integrated system of hot gas cleanup which removes both particulate and sulfur components of 
the gas products, and which cracks the rich gas to yield a syngas (CO and [12 mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combined cycle power generation plant. 

The PDU is sized to process one ton per hour of a high sulfur midwestern coal. The construction and operation of the PDU will 
take place on the propertyof Alliance Machine Company in Alliance, Ohio. The project is being aided by $5 million in government 
funding 

The PDU is specified for an operating pressure of 350 psig as would be required to support combined cycle power production. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Calderon filed a proposal under the Clean Coal Technology program Round 3 to build a 
cogeneration facility supplying 87 megawatts of electricity and 613 tons of methanol per day. 

ect Cat: $215 million

SYNTHETIC FUELS REPORT, DECEMBER 1989 
4-61



STATUS OF COAL PROJECTS (Underline denotes changes since September 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

CAN DO PROJECT - Continental Energy Associates (C-I®) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in 1-lazle 
Township, Pennsylvania to producelow 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 cat 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 Pennsylvaniaand the Swiss Bank. 
The new facility will be operated by Continental Energy Associates. 

Project Cost: $100 million 

CHAR FUELS PROJECT - Char-Fuels of Wyoming Inc., a subsidiary of Carbon Fuels Corp. (C-HO) 

Char-Fuels of Wyoming is attempting to secure financing to build a 1,000 ton per day CharFuel project at the Dave Johnston power 
station near Glenrock, Wyoming. The project could cost up to $100 million. 

The State of Wyoming has promised $163 million in assistance, contingent on a certain amount of private capital to be raised by 
Char-Fuels. 

The project involves a coal refining approach. The first step is a iiydmdisproponionation' step which the company says will use 
technology, based on short residence time flash volatilization. Resulting char is mixed back with process-derived liquid hydrocar-
bons to make a stable high-BTU, pipeliaeable slurry fuel. This slurry could be burned in coal-fired or modified oil-fired burners. 
It would be tested in the 100 megawatt no.1 unit of the Johnston plant. 

A smaller 130 ton per day unit would be built for process development studies. The plant would include gas processing, 
hydrotreaters, methanol production and aromatic naphtha recovery. Products manufactured would include CharFuel slurry, am-
monia, sulfur, methanol and aromatic naphtha. 

Project Cost: $100 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-120) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continues to 
operate its chemicals from coal complex at Kingsport, Tennessee at design rates The Texaco coal gasification process is used to 
produce the synthesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate 
are produced as intermediate chemicals, and sulfur is recovered and sold. 

The facility has averaged 97% onstream availability for the but three years. 

In January, 1989, Eastman announced that it plans a $150-million expansion of the chemicals-from-coal facility to be completed by 
the end of 1991. The project, which could begin as early as mid-1989, will more than double Eastman's output of acetyl chemicals 
from coal and increase its flexibility in sourcing these products and in making their cellulosic derivatives. 

The expansion program will include construction of two new chemicals plants and modification of the coal gasification facilities. 
An acetic anhytdride plant will be built, with capacity of 600 million pounds per year of anhydride and 180 million pounds of acetic 
acid. A new methyl acetate unit will produce 490 million pounds per year. 

The existing coal gasification facility will be able to handle the new anhydride demand with some debottlenecking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable
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COMMERCIAL AND R&D PROJECTS (Continued) 

CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Clencia e Tecnologia—CIENTEC (C-lw) 

The CIGAS Processfor the generation of medium BTU gas is aimed at efficient technological alternatives suitable for Brazilian 
mineral coals of his) ash content No gasification techniques are known to be available and commercially tested for Brazilian coals. 

The (IGAS Process research and development program has been planned for the interval from 1976 to 1998. In 1977 an atmos-
pheric bench scale reactor was built, from which were obtained the first gasification data for Brazilian coals in a fluidized bed reac-
tor. In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the first pressurized reac-
tor in Latin America was built in bench scale, and the first results for pressurized coal gasification were obtained. 

In 1979 the first atmospheric fluidized bed pilot scale unit was assembled (with a throughput of 7.2 tons per day of coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 03 tons per day of coal). The plant was fully 
operational in 1982. In 1984 the pressurized plant capacity was enlarged to 23 tons per day of processed coal and at the same time 
air was replaced by oxygen in the atmospheric plant This unit started processing 17 tons per day of coal. 

In 1986 a unit was built to treat the liquid effluents generated throughout the process and studies on hot gas desulfurization were 
started in beach scale. By the end of 1988 pilot scale studies will be finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 1998. 

Project Cat: US$4.7 million up to the end of 1988. The next stage of development will require US$13 million 

COALPLEX PROJECT - ABC (C-140) 

The Conlplex Project is an operation of ABC Cilor-Mkali 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 1971. The five prvces in-
ctude 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 Cat Not disclosed 

COGA-1 PROJECT - Coal Gasification, Inc. (C-ISO) 

The COCA-i project has been under development since 1981 The proposed project in Macoupia County, Illinois will consume 
over I million tons of coal per year and will produce 500,000 tons of ammonia and 500,000 tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (IGT). When completed, the COCA-I plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United Slates Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James It. Thompson announced a $26 million state and local incentive package for COCA-I in an attempt to move the $600 million 
project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, and the Nor-
wegian fertilizer firm Norak-Hydro, are currently working to complete the financing package for the facility. 

Project Cat $600 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C.160) 

The Colombian state coal company, Carbocol plans for a coal gasification plant in the town of Amp 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 - plant initially. This plant would produce what Carbocol calls a clean gas fuel for certain big industries in Antioquia 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the early 1990s to produce urea if financing is found. 

Project Cost: $20 million initial 
$200 million eventual
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COMMERCIAL AND R&D PROJECTS (Continued) 

COLSTRJP COGENERATION PROJECT - Colstrk, E perty limited Partnership, Bechtel Development ComDanv, Pacific Gas and 
Electric Conweny, Rosebud Energy Corporation (&165)

- 

In Aumist, 1988, MOP sold all of its interest in the Coistrin Proiect to four individuals. These four individuals are the shareholders 
of Rosebud Eaezv Corporation. p Montana corvoration, 

COOL WATER COAL/MSW GASIFICATION PROGRAM - Texaco Syngas Inc. (C-170) 

Original Cool Waler participants built a tons per day commercial-scale coal gasification plant using the oxygen-blown 
Texaco Coal Gasification Process. The gasification system which includes two Syngas Cooler vessels, was integrated with a General 
Electric combined cycle unit to produce approximately 122 megawatts of gross power. The California Energy Commission ap-
proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 23 years, was completed on April 30,1%4,  a month ahead of schedule and well under the projected $300 million budget. A 
five-year demonstration period !1 completed in January 1989. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPIU) executed an agreement to participate in 
the Project in February 1980 and their contribution is $69 million. Bechtel Power Corporation was selected as the prime engineer-
ing and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 million to 
the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 million to the 
Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo Electric Power Company, 
Central Research Institute of the Electric Power Industry, Toshiba CGP Corporation and 1111 Coal Gasification Project Corp. 
signed a participation agreement on Febnarary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alternate 
Energy Development Company art 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 Daaett, California completes the $263 million funding 

A supply agreement was executed with Auto, Inc. on Feb nary 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 Slates Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's fuss solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SFC because it did not pass the credit elsewhere" test (the SFC 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the SIt's second solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that the project 
had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. On April 
13, 1983 the sponsors received a letter of intent from the SEC to provide a maximum of $120 million in price supports for the 
project. On July 28, 1983 the Board of Directors of the SFC voted to approve the final contract awarding the price guarantees to 
the project. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully commis-
sioned in April 1985. 

A Utah bituminous coal 2M utilized as the Program" coal !l burned at all times that the facility M not burning an alternate test 
coal. The Program could test up to 8 different coal feedstocks on behalf of its Participant companies. 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1989) 

COMMERCIAL AND R&D PROJECTS (Contlaned) 

A 32000 ton Illinois No. 6 coal (nominal 3.1 percent weight sulfur) test, a 21,000 ton Pittsburgh No.8 coal (nominal 2.9 percent 
weight sulfur) test, and a 20, ton Australian ltmington high-ash-fusion-temperature coal (nominal 03 percent weight sulfur) 
test have been completed. Energy conversion rates and environmental characteristics while running the alternate coals are essen-
tially the same as those observed while burning the low sulfur Utah bituminous. 

The gasifier was started up on May?, 1984. On May * 1984 syngas was successfully fed to the gas turbine and the lint 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. 

At the completion of the demonstration piecam in January 1989 the gasifier bad been on-line for more than 27,116 hours, and 
sified over 1,132,000 tons of coal (dry basis). Approximately 22 billion grosskWh of electricity was produced. 

In Sentember, 1989 Texaco Inc. announced that Texaco Svn gas Inc.. its wholly owned subsidiary, had been awarded the rictus to 
neto*iate with Southern California Edison (SCE) for the purchase and operation of the Cool Water plant. 

Upon conclusion of the necessary netoflations. Texaco will invest additional canital in the Cool Water plant for modifications 
aimed at reonenins the facility in early 1922. 

Project Cat $263 million 

CO REX IRON MAKING PROCESS - Korf Engineering (C-180) 

The Corer, or Kohie Iron Reduction process was developed by Korf Engineering (a Federal Republic of Germany company). The 
process replaces the two-step coke omn/blast furnace approach to producing S iron from iron ore and metallurgical coal with an 
integrated two composent oxygen-blown system capable of operation on a variety of coals. The system consists of an upper 
"reduction shaft" and a lower "melter-gasifler" component. Iron ore, along with an appropriate flux (e.&, limestone), is fed into the 
top of the reduction shaft where it is reduced to sponge iron by the off-gas from the lower meller-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-117U, 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 Koble lion Reduction process has been tested in a 66000 tons per year pilot plant using a wide range of coals and iron ores. A 
iiau plant with a capacity of 330.000 tons of iron per rat was built for Iscor in South Africa. Commissioning of this plant was 
completed in 1988. 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. 

This nroject also failed to survive. In 1989, Geneva Steel Com pany of Utah submitted a proposal under the Clean Coal Technoloev 
Provam Round 3. for a 770.000 ton ncr war commercial facility. 

Project Cat: $368 million 

CRE SPOUTED BED GASIFIER - Coal Research Establishment, Otto-Simon Canes (C490) 

A spouted fluidized bed process for making low-B'flJ fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CRE). A - plant has been built with a coal throughput of 12 tonnes per day. 

This project has been sponsored by the European Economic Community (EEC) under two separate demonstration grants. Results 
to date have established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 
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COMMERCIAL AND R&D PROJECT'S (Coatlaned) 

The CRE gasification process is based on the use of a submerged spouted bed. A significant proportion of the fluidizing gas is in-
troduced as a jet at the apex of a conical base. This promotes rapid recirculation within the bed enabling caking coals to be 
processed without encouraging agglomeration problems. This enables low ash fusion temperatures coals to be processed suss-

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As part of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Since April 1987 a new, contract with the EEC has investigated the use of sand beds and the potential of oxygen 
enrichment of the process. This contract will permit operation of the pilot plant up to November 1989. 

At present, work on the 12 mane per day pilot plant is directed towards providing design information for gasifiers operated at at-
mospheric pressure for industrial fuel gas applications. The aim is to develop a range of commercial gasifiers; with a coal through-
put typically of 24 to 100 tonnes per day. To this end a license agreement has been signed by Otto-Simon Carves (OSC) to exploit 
the technology for industrial application. Designs of commercial gasifiers are available and OSC together with British Coal are ac-
tively promoting the use of the technology in the United Kingdom processindustries. 

Although OSC has yet to build the first commercial unit, they say considerable interest has been shown from a large number of 
potential clients worldwide. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 45 percent are predicted. A contract with the 
EEC to develop a pressurized version was initiated in January 1989. The proposal is to link the gasifier to a char combustor to 
form a'topping' cycle. 

CRIEPI E¼(ItAINm) FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (C-am) 

Japan's CRIEfl (Central Research Institute of Electric Power Industry) has been engaged in research and development on gasifica-
tion, hot gas cleanup gas turbines, and their integration into an IGCC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow, gasifier (2.4 tom per day processdevelopment 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 2DO tons per day - plant. The hot gas cleanup systemprocessdevelopment unit (PDU) which employs a porous filter 
for dust removal and an iron oxide honeycomb fixed bed for desulfurintion was constructed and has been successfully operated. 

Research and development on a 200 tons per day entrained-flow coal gasification - plant equipped with hot gas cleanup facility 
NO 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 (Mfll) and New Energy Development Organization (NEDO). They evaluated eight system combining dif-
ferent methods of coal feed (dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tem, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot. 
gas cleanup systems. 

CRIEPI constructed, in 1983 a coal gasification process development unit with a capacity of 2.4 tons per day coal using air-blown 
pressurized two-stage entrained-flow, method, and since then has been promoting research and development jointly with Mitsubishi 
Heavy Industries, Ltd. 

As of late 1, the gasifier had been operated for 1330 hours, and tested on 15 different coals 

For the project to build a 3)0 tons per day entrained-flow coal gasification combined cycle - plant, the electric utilities have or-
ganized the "Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IGC) with 10 
major electric power companies and CRIEPI to carry out this project supported by the Ministry of International Trade and In-
dustry and the New Energy Development Organization. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction started in 1988 at the 
Nakoso Coal Gasification Power Plant The air-blown pressurized two-stage entrained-flow gasifier using the dry coal reed system 
will be constructed with tests to begin in 1989. Tests of hot gas cleanup with a high temperature gas turbine having a gas tempera-
ture at the combustor outlet of 1,3W degrees C will begin in 1990. 

Project Cost 53 million yen
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COMMERCIAL AND R&D PROJECTS (Cenfinned) 

DANISH GASIFICATION COMBINED CYCLE PROJECT - Eikraft (C-315) 

The Danish Utility, Elkraft, in response to government directives to lower pollution by using more natural gas, says that it will in-
crease the use of natural gas to generate electricity. However, the utility says that it also plans for two power plants based on in- 
tegrated coal gasification combined cycle (16CC). The lint will be a 50-megawatt demonstration unit at Masnedoc, at the site of 
an existing power plant that will be retired. 

The Danish energy minister expects to decide during 1989 whether to approve this scheme. 

If the Masnedoe demonstration is successful, Eikraft intends to move on to construct a full-scale 30)-megawatt 10CC unit at 
Stitsnaes, for service in 1997. 

As yet, Elkraft has given no indication which 10CC design it favors for the Masnedoe demonstration. 

Potential bidders could include Shell, Dow, Texaco and Krupp-Koppers. 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-210) 

The Dow Syngas Project began commercial operations in April. 1987, operating at rates up to 92 percent of capacity. As of 
May 1989 the project has completed 8,485 hours on coal. It has produced 8,277 billion Btu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 7,281 hours. 

At full capacity, the plant consumes 2,40) tons of coal per day providing 30 billion flU) per day or medium DPi 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, slaving. sluny-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 front the United Slates Synthetic Fuels 
Corporation (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the 
price guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the 
guarantee is $620 million. 

Project Cost: $72.8 million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-220) 

The Notion 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 --
tin. $20 million has been spent, and 12 years have been invested in site and feasibility studies. Alter 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 24 1988. The Federal Water Service Contract is expected to 
be approved in 1990. Operation of Phase I of the project is scheduled to begin in 1996. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through 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.
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Dunn-Nokota would produce approximately 81,00) barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced 

Existing product pipelines and 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 3,0 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1992 and mechanical construction beginning in 1993 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1996. Construction of the remainder of the facility is scheduled to begin in 1995 and to 
be in commercial operation in 1998. This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, state, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost $22 billion (Phase land II) 
$02 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$03 billion (mine) 

FRONTIER ENERGY COPROCESSINCI PROJECI' - Canadian Energy Developments. Kilborn International (C-225) 

Frontier Energy is a venture involving Canadian Energy Developments of Edmonton. Alberta, Canada and Kilborn International 
Ltd. of Tucson. Arizona. 

The CCLC Coorocessin g technology is being developed by Canadian Energy Developments Inc. in association with the Alberta Of-
fice of Coal Research and Technology (AOCRT) and Gesellschaft fur Kohleverfiussigung mbH (GflO of Saarbrucken, West Get-

The demonstration ucolect will process 1.128 tons per day of Ohio No.6 coal and *000 barrels per day of Alberta heavy oil. 

GFK DIRECT UQUEFAC'IlON PROJECT - West German Federal Ministry for Research and Technology, Saaibergwerke AG, and 
01K Gesellschaft fur Kohlenrflunigung Mb13 (C-no) 

Until 1984 GfK Gesellschaft fur Kohleverfiussigung MbII, 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.
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COMMERCIAL AND R&D PROJECTS (Continued) 

For this reason since 1984 GfK has conceived a unique process called PYROSOL The PYROSOL process is two-stage, comprising 
a mild hydrogenation in the first stage followed by pyrolysis of the residue in a second stage. 

As of year-end 1988, the development of the PYROSOL process has been terminated. This unique process is in particular suitable 
for the liquefaction of coals with high ash content. Regardless of the ash content, coals have been tested with more than 20% ash 
and high oil yields between 50 and 60% of m.a.f. coal were obtained. 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, Gfk favorizes a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

Project Cat: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - Dakota Gasification Company (0.240) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement. Great Plains would own the facilities, AND 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 13,198Z 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. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BIll pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of 
carbon dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar oil, phenols, and naphtha 
to be used as fuels. Approximately 16,000 tons per day of North Dakota lignite is required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The gas is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States. 

In parallel with the above events, DOE/DOJ filed suit in the United States District Court in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14,1986 the North Dakota Court found: 

That state law is not applicable and that plaintiffs (DOE/DOJ) are entitled to a summary judgement for foreclosure. A 
foreclosure We 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 plantifYs (DOE/DOJ) for the difference between the contract price and 
the market value price. This decision was upheld by the United States Court of Appeals for the Eighth Circuit on May 19, 
1987. No further opportunity for appeal exists and the decisions of the lower court stands. 
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In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. In August, 1988 it 
was announced the Basin Electric Power cooperative submitted the winning bid for approximately $115 million up-front plus 
future profit-sharing with the government. Two new Basin subsidiaries, Dakota Gasification Company and Dakota Coal 
Company, operate the plant and the mine respectively. An initial payment of $85 million was given to the U.S. Department 
of Energy in November, 1988, and ownership of the plant was transferred. 

For the first six months of operation under Dakota Gasification ownership the plant produced gas at over 110 percent of 
design capacity. 

The Linde Division of Union Carbide Industrial Gases Inc. has signed a 15-year agreement with Dakota Gasification Com-
pany to buy all the krypton/xenon produced at the Great Plains Synfuels Plant beginning in December 1990. 

Project Cost: $2.1 billion 

GSP PILOT PLANT PROJECT - German Democratic Republic (C-250) 

Since 1983 a 30 tonne per day gasification complex has been in operation at Gaskombinat Schwerin Pumpe (6SF) in East Ger-
many. It produces more than 50,000 cubic meters raw gas per hour. Practical results and experience gained during operation of 
this system are planned to be applied to the construction of a large-scale gas works, five to 10 times larger, with an annual output of 
two to four billion cubic meters raw gas. 

The environmental compatibility of the GSP coal gasification process is said to meet the highest requirements even if coal that is 
rich in ash and sulfur and contains salt is used. The GSP process involves the gasification of pulverized coal under pressure, using 
the brown coal of the German Democratic Republic. 

Project Cost Not disclosed 

HANOVER ENERGY DOSWELL PROJECT - Hanover Energy Associates (C-255) 

Hanover Energy Associates is planning a 711) megawatt noticed cogeneration plant to sell electricity to Virginia Power. The plant, 
to be located near Doswell, Virginia, will include 24 to 28 Wellman-Galusha gasifiers. The gas turbines will burn five-sixths natural 
gas and one-sixth low-BTU coal gas from the gasiflets. 

The coal scone will be coal wastes located in Western Virginia. 

Construction is scheduled to begin on July 1 and will take two years, according to documents filed with the Federal Energy 
Regulatory Commission. 

Other equipment includes four Westinghouse 501 D5 gas turbine generators, four waste heat recovery boilers and two steam tur-
bine generators. Steam will be sold to National Energetics Company for manufacturing carbon dioxide and possibly to a nearby 
paper company. 

Hanover Energy Associates, a limited partnership, was one of about 30 companies that responded to Virginia Power's solicitation 
in December 1986 for some 1,1110 megawatts of electricity. Hanover has a similar plant planned in northeastern Pennsylvania, with 
a capacity of about 100 megawatts. 

HUENXE COT COAL GASIFICATION PILOT PLANT' - Carbon Gas Technology (CUT) GmbH (C-260) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The CUT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the COT Process is the integrated fluidized bed and dust gasification 
stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 degrees C hot product gas and are 
separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to 
the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The 
product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet The coupling of a fluidized bed with entrained flow gasification under pres-
sure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free product gas at 
the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the 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 
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erected, in 1981, planning began for building a 4 ton per hour test facility for a multi-stage CCI' 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 DI' Ruhr refinery at Huenxe. The test work comprises 
a conceptual test program to the end of 1986. Alter 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 tamed 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	 ls for specific applications are planned. 

Project Cat: Not disclosed 

HYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen (rein Coal Process Development (Japan) 
(C-M) 

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-iffli 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, coat 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 sprirnl 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 follon 

- Coal processing capacity 	 20 ton per day 
- Pressure	 1.0 MPa 
- Temperature	 1.5W 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. The nine member companies are: 

ldemitsu Kosan Ca, Ltd. 
Osaka Gas Co., Ltd. 
Electric Power Development Company 
Tokyo Gas Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, lid. 
Hitachi, Ltd. 
Mitsui SRC Development Co, Ltd. 

KANSIC-ACWNSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C-280) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATE1Q. 
The project consists of a very large open pit mine (the Berezovskiy4 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being convened into a city with new schools, stores, housing, and transporta-
tion
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A - plant referred to as an 51-75 installation wasbuilt at KA1EK to test a catalytic hydrogenation process. Construction of the 
unit began in 19EM Start up of the unit was originally planned for 1984. Preliminary tests indicate that r tons of Kansk-Arhinsk 
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 EflQi-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 19n 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, Sr-S, is under construction at the Belkovskaya mine of the No.vmoskonk 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 n to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combated to recover the catalyst Startup of ST-5 was to occur in 
1984. 

Project Cost Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-290) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelznaa 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, low-moisture, low-sulfur coal with a ff113 value of 12,000, and b)-product "ter 
and fuel gas. K-Fuel pellets contain 60 percent more energy (approximately 27 million ff113 per ton) and 40 percent less sulfur 
than the raw cont. The fuel gas from the process is utilized on site to provide the needed heat for the process. The proposed 
facility will utilize 4 modules each capable of producing 350,000 tons per year of K-Fuel. Wisconsin Power and Light has agreed to 
a 10-year purchase agreement for 'a substantial portion' of the output of the plant. The K-Fuel will be tested at Wisconsin Power 
and Light's Rock River generating station near Debit in south-central Wisconsin. For the test Wisconsin Power and Light will put. 
chow the fuel at the cost of production, which has yet to be determined but is estimated to be over $30 per ton. If the test is suc-
cessful, Wisconsin Power and Light has the option to invest in the process. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also Ices expensive to ship and store due to its improved heating value. 

Construction of the plant will begin during the fourth quarter, 1989. Fm-Con Construction Corporation of St. Louis, Missouri is 
building the facility, and the plant will begin commercial operation by December 31, 1990. EA-K Energy. Inc., which is jointly 
owned by Energy America Incorporated of San Diego and K-Fuel Partnership of Denver, will build and operate the facility. 

Project Cost $62 Million 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERA-
TION - The M.W. Kellogg Co., United Slates Department of Energy, and Westinghouse Electric (C-310) 

In April 1984 Westinghouse sold its coal gasification technology to Kellogg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. The major activities of KRW Energy Systems 
has been to complete development of a fluidized bed coal gasification technology and to develop a commercial demonstration 
PS 

The major development facility for KRW is a coal gasification - plant located at the Waltz Mill site near Pittsburgh, Pennsl- 
vania. This facility has been in operation since 1975 and has accumulated more than 12,0W hours of hot operation utilizing a broad 
range of coals. These coals include high caking Eastern bituminous, Western bituminous, and lignites with high and bow ash con-
tents and high and low moisture contents. A number of German brown coals have also been successfully gasified. The pilot plant 
program was completed in September 19M and the facility is currently mothballed. It is being continuously maintained in anticipa-
tion of award of additional coal testing work 

The - plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees F and pressures between 130 psig and 230 psi& with air Feed 
to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges between 20 and 35 tons 
per day, depending on coal type.
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The DOE hot gas cleanup program that was initiated in late 1984 will be completed in fiscal year 1988. The results from this 
development program have provided significant cost and efficiency improvements for the KRW gasification technology as applied 
to gasification combined cycle electric power generation. Operations at the Waltz Will pilot plant with an air blown gasifier using a 
high sulfur (2-43%) and highly caking Eastern bituminous coal, have achieved the following significant demonstrations: 

- A simplified process to deliver a hot and clean low BTU fuel gas to a combustion turbine. 
- Gasifier in-bed desulfurizatioa to meet NSI'S requirements by removing over 90% of feed sulfur utilizing limestone or 
dolomite sorbents. 
- Utilization of a regenerable zinc ferrite sorbent in a sulfur polishing mode to reduce fuel gas sulfur levels to less than 20 
ppm 
- Demonstrated use of sintered silicon carbide candle filters at 1,1(X)-1 	 degrees F and 16 arm pressure to reduce fuel gas 
solid particulates to less than 10 ppm. 
- Delivery of final product fuel gas at high temperature and pressure containing less than 1 ppm combined alkali and heavy 
metals. 

Commercial scale process performance systems studies show the KRW hot gas combined cycle power system to have net heat rates 
less than 8,000 BTU/kWh and capital costs less than 1,250$/kWh for 380400 MW sized plants. A significant feature of these sys-
tems is the modularity of design which provides much planning and construction flexibility. 

Project Cost: Not disclosed 

LAKESIDE REPOWERINO GASIFICATION PROJECT - Combustion Engineering. Inc. (C-320) 

The project will demonstrate Combustion Engineerinnjs pressurized, airblown, entrained-flow coal gasification repowering technol-
ogy on a commercial scale. The syngas will be cleaned of sulfur and particulates and then combusted in a gas turbine (40 MWe) 
from which heat will be recovered in a heat recovery steam generator (HRSG). Steam from the gasification process and the HRSG 
will be used to power an existing steam turbine (25 MWe). 

The proposed project is selected for demonstration at the Lakeside. Generating Station of City Water, Light and Power, 
Springfield, Illinois. The selected site with associated characteristics and costs includes repowering an existing steam turbine to 
produce 65 MWe via the combined cycle mode. 

The project is funded under Round 2 of the Department of Eaers Clean Coal Technology Program. 

LAPORTh UQUU) PHASE METHANOL SYNTHESIS - Mr Products At Chemicals, them Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-330) 

Air Products is testing as tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by 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 of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per day 
with a total production of approximately 165 tons of methanol (50,000 gallons). The plant including the slurry pump and a spe-
cially designed pump seal system, operated very reliably during the run. 

In a four-month test lasting from September 1, 1988 to January 8, 1989, the unit produced methanol from simulated coal gas at a 
rate more than twice the original design rate of the test facility. 

The LaPorte run lasted 124 days and was interrupted only briefly when Hurricane Gilbert threatened the Gulf Coast early in the 
test program. During the marathon operation, the experimental facility produced just over 8,000 barrels of fuel-grade methanol. 
Production rates avenged 60 to 70 barrels per day - roughly twice the facililys original 35-barrel per day design rate. Methanol 
from the test run was of high enough quality to be used directly as a motor fuel without further upgrading. 

The 124-day run also demonstrated the effectiveness of improvements in the fncilits reaction vessel which had been modified last 
year to incorporate an internal heat exchanger and vapor/liquid separation process. Synthesis gas was provided by Air Products 
from its adjacent industrial gas production plant.
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The current -month, $9.4 million contract expires in October, 1989. 

Project Cost: DOE $25.6 million 
Private participants: $3.8 million 

Lit COAL LiQUEFACTION - SO! International, Triton thai Company, ENCOAL Coniontion (C-MO) 

ENCOAL would contract for engineering, procurement and construction services from theM.W. Kellogg Com pany. SO! would 
furnish technical services. 

The niant will orvceu 1.000 tons of coal ncr day and oroduce 150.000 barrels of li quids ncr war plus 340.000 tons of ungraded solid 
fuel. It is exoected to cost $fl000a00. 

SW signed an ancement with Shell Mining Comnany (SMC). providing for 50150 joint ownership of the Lit Process technology 
through the foimation of TEK-IcOL Partnershi p to license ft LFC process world-wide. 

Project Cat: $73 million 

LIQUID PHASE METHANOL DEMONSTRATTON PLAINT - Air Products and Chemicals. Dakota Gasification (C-345) 

Fuel-nade methanol nroduced at Great Plains by the LPMEOH process will be used in tests to demonstrate its suitability for 
boilers, turbine and transoortation fuel applications.
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STATUS OF COAL PROJECTS (Underline denotes changes slat. September 1919) 

R&D PROJECTS (Continued) 

About 10 cement of the synthesis mas currently oroduced at the Great Plains plant will be convened to make 500 tons per day of 
methanol, while the remaining iyithesis gas will continue to be used in making substitute natural M 
A six-year niossam is estimated to cost $213 million. 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - 1(111) Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C.350) 

gIlD and Sumitomo agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasification 
pn-=-- 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 1917. 

The - plant was designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen art in-

jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cat Not Disclosed 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-360) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of Chins. Bechtel will provide assistance in process design, design engineering, 
detailed engineerini& procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in September, 1989, the Lu 
Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - United Coal Company and United States Department of Energy 
(C-370) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing 1 ton per day of coal or coal waste. Under the sponsor-
ship of the United States Department of Energy (DOE), UCC has developed a process that is primarily aimed at recovering the 
energy value contained in wastes from coal cleaning plants. To utilize this waste, UCC developed a mild gasification/coal liquid ex-
traction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase II continues un-
der the sponsorship of the U. S. Department of Energy/Morgantown Energy Technology Center involving further development of 
the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program will undertake the fol-

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 fraction with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications. 

The process demonstration unit will undergo a modification phase initially to enhance the overall unit performance. Modifications 
to the condensing system, reactor tubes, furnace, and coal feed system are planned. Upon completion of this phase, an expanded 
optimization program will be initiated. Product testing and economic assessments will be expanded as the unit production 
capability and operating efficiency is fine tuned. 

Project Cat Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

MONASH HYDROUQUEFACI'ION PROJECr - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into the structure and hdroliquefaction of Victorian brown coal. Batch autoclave and other studies are being con-
ducted. 

The work is largely supported by the Coal Corporation of Victoria 

Earlier studies on the hydroliquefaction of brown coal have led to  more detailed study of its structure and reactivity and are 
based on extensive collaborations with a number of other laboratories in Australia These lead to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulosic polymer has yet to be defined. 

Theme of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
Of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Sonic 
wce has been achieved in characterising the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. 

Project Cat $2.0 million (Australian) since commencement 

MONGOLIAN ENERGY CENTER - People's Republic of Otina (C-390) 

One of Qiiria's largest energy and chemical materials centers is under construction in the southwestern part of Inner Mongolia. 
The tIM-phase construction of the Jungar Cal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tots, is in full swing and will have an annual capacity of IS million tons by 1995. 

'I'he Hz Se League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coal to produce chemical fertilizers. A Japanese company has completed a feasibility report. 

The region may be China's n important center of the coal-chemical industry and the ceramic industry in the next century. 

MRS GASIFICATION PROCESS PROJEcT - British Gas plc and Osaka Gas Company Ltd. (C-ME) 

Work's being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) incorporating internal gas recirculation in an entrained flow system has been developed to provide a means of 
carrying out the process without the problems of coal agglomeration, having to deal with excessive coal lines, or excessive 
hydrogenating gas preheat as found in earlier work. 

A 2W kilogram per hour pilot plant was built to prove the reactor concept and to determine the overall prss economics. The 
process uses an entrained flow reactor with internal gas recirculation based on the Gas Recycle Hydrogenator (ORB) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was started. 

In December, 1988, it was announced that the sponsors would go ahead with the second stage of the joint research program. The 
next step will be to carry out a further three year development program which will expand the - plant facilities to enable more 
advanced testing to be carried out. 

Through 1988, performance tests have been conducted at over 30 different operating conditions. Three different coals have been 
tested, and a total of? tonnes have been gasified at temperatures of between 840 degrees centigrade and 1,000 degrees centigrade. 
However, the initial plant design only allowed tests of up to a few hours duration to be carried out. The new program will allow 
tests each lasting for days rather than hours by modifying the plant to allow a continuous stream of fine powdered coal to be fed 
into the reactor. 

Project Cost Phase I $16 million 
Phase 1127.4 million
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COMMERCIAL AND R&D PROJECTS (Continued) 

NEDOL BITUMINOUS COAL LIQUEFAC'IlON PROCESS - New Energy Development Organization (NEDO) ((>410) 

Basic research on coal liquefaction was sta ged 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 coil liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large - plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 150 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled 'Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 150 tons per day - plant 

In the proposed - 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 hew,' fraction (-5 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. Consequentic the major 
products will be linjit oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991 

In 1988, 5 different coals were processed in the bench scale unit with encouraging results. 

Project Cost 100 billion yen, not including the three existing P1)0 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-420) 

A group of Swedish companies are planning to build a gasification plant in Sweden. The Nynas Energy Chemicals Complex 
(NEC) will utilize the Texaco coal gasification process to produce fuel gas for a combined cycle unit and synthesis gas for ammonia 
production. Initially, the facility will produce 280 megawatts of electricity, 200,000 tons of ammonia per year, hot water for the 
Southern Stockholm district heating system, and industrial gases (oxygen, nitrogen, and argon). Also, Nyans Petroleum's refinery 
in Nynashama will switch to fuel gas from NEC The plant is scheduled to go on stream in 1991. 

Participants in the project are: ACMI the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Dank. 

The Investment Bank AGA, and Johnson an equal partners in a new company, Nynas Kombinate AU, which owns 100 percent of 
NEC AGA will build on their own the air separation plant for the facility.  

Project Coat US$500 million 

OHIO-1 COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated ((>430) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project to 
produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to produce 
300,000 gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. Production 
of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This plant will use 
high grade sulfur coal from existing mines in the an 

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 carton conversion efficiency. Carbon conversions of approximately 96+ percent are expected. The raw gas, 
cleaned of particulate matter, is processed in the synthesis section. 

Project Cost $260 million 

OHIO COAL/OIL CO-PROCESSING PROJECT - Ohio Clean Fuels Inc., Stone and Webster Engineering Corp., Ilifi Inc., Ohio Coal 
Development Office, and United States Department of Energy (0440)
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COMMERCIAL AND R&D PROJECTS (Continued) 

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 
Nfl, Inc.'s proprietary commercial ebullated-bed reactor technologr. In this process coal is blended with residual oil and both are 
simultaneously convened to clean distillate fuels. A typical' C4-975 degrees F distillate fuel will contain 03 percent sulfur and 
03 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 1994. 

The project was selected by DOE for financial assistance In the Clean Coal Technology Program. 

Project Cost $217.5 million 

OULU AMMONIA FROM PEAT PROJECT- Kemira Oy (C450) 

Kemira of Finland is building a pressurized fluldized bed peat gasification system for producing synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is to be 80,000 tons per year. 

Currently Kemira operates in Oulu a minor ammonia plant based on the gasification of heavy fuel oil. However, peat is the only 
realistic domestic raw material for synthesis gas In Finland. Therefore, a research program aiming at the gasification of peat was 
started in the middle of the 19. 

The gasification plant includes as integrated individual processes: peat transfer, screening, crushing, drying, pressurized I-TrW 
fluidized bed gasification, soot removal, raw , gas compression and three-stage gas purification. The existing Pyroflow boiler plant 
selves for energy supply and a waste incinerator. The gasification plant was placed in operation in June 1988. It has a capacity of 
150 megawatts, thermal. 

Project	 t Investment costs ale expected to be F1M225 million. 

P-CIG PROCESS - Interprvject Service a Sweden and Nippon Steel Corporation, Japan (C455) 

The Pressurized-Coal Iron Gasification process (P-CIG) is based on the injection of pulverized coal and oxygen into an iron melt at 
overatinospheric pressure. The development started at the Royal Institute 

of 
Technology in Stockholm in the beginning of the 

1970s with the aonpressurized CO Process. Over the years work had been done on ironmaking, coal gasification and ferroalloy, 
production in laboratory and pilot plant scale. 

In 1984, Interproject Service AD of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-dO 
Process in - plant scale. The - plant system was built up at the Metallurgical Research Station (MEFOS) in Lulea, Sweden. 
The P-CO Process utilizes the bottom blowing process for injection of coal and oxygen in the iron melt. The first tests started in 
1985 and several test campaigns were carried out through 1986. The results were then used for the design of a demonstration plant 
with a gasification capacity of 500 tons of coal per day. 

According to project sponsors, the P-CO Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
iron of 40 tons. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-i 'Complex 
Coal Processing," and in 1986 to a Central Research and Development Program under the same title. 

The leading and coordinating unit for the coal liquefaction research has been the Coal Conversion Institute, part of the Central 
Mining Institute. 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The investigations were carried out up to 
the bench scale unit (13) kilograms of coal per day). The next step—tests on a Process Development Unit (PDU)—met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not acheived. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coal per day.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first integrated run of the entire unit was carried out. 

The significant, original feature of this direct, non-catalytic middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
distribution of residence times for different fractions of products is obtained, the proper hydrodynamics of a three-phase reactor is 
provided and the content of mineral matter (which area as a catalyst) in the reactants is increased. From 1987 systematic tests on 
low rank coal type 31 have been carried out, with over 100 tons of coal processed in steady-state parameters. 

The results from the operation of the PDU will be used in the design of a - plant with a capacity of 200 tonnes coal per day 
which is expected to be completed by the end of the eighties. 

POWERGEN COMBINED PFBC/GCC SYSTEM - PowerGen, Ablstroer, and British Coal (C465) 

PowerGen, the non-nuclear successor company to Great Britian's Central Electricity Generating Board (CEGB), has proposed a 
research project utilizing the pressurized fluidized bed combustion process (PPBC) developed at Grinrethorpe, South Yorkshire. 

The project is intended to increase the output of the power station by incorporation a turbine which runs on a combination of 
gasified coal and exhaust from the pressurized Ruined bed combustor. 

In conventional PFBC, coal is burned in a fluidized bed under pressure, and the hot pressurized combustion gases are fed directly 
into a gas turbine. However, the operating temptature in a PFBC unit is usually only about 850 C to avoid softening the ash and 
impeding fluidization. This comparatively low temperature limits efficiency. 

To overcome this, British Coal engineers proposed a topping cycle. It would entail injecting a fuel gas into the hot PFBC combus-
tion gas and burning the combination in the gas turbine inlet, raising the hot gas temperature to 1,100 Cor more. 

At first, the fuel gas would be natural gas. In due course the intention would be to couple a coal gasifier and a PFBC unit-

Coal would be partially gasified, and the solid residue burned in the PFBC unit; the fuel gas from the gasifier would be burned in 
the hot combustion gas in a fully coal-fired topping cycle. 

PRENFLO GASIFICATION PILOT PLANT - lCrupp Rappers GmbH (1(K) (C.470) 

Knipp Rappers, of Eaten, West Germany (in United States known under the name of 01Cr Gcsellschaft flier Kohk-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 KR's pressurized version of the Koppers-Toizek (IC!) 
flow gasifier. 

In 1973, KR started experiments using a pilot KT gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij DV and KR for a cooperation in the development of the pressurized version of the IC 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 pain was 
built and operated for a period of 30 months. After completion of the test program, Shell and KR agreed to continue further 
development separately, with each partner having access to the data gained up to that date. Ws work has led to the PRENFLO 
procca 

Krupp Rappers has decided to continue development with a test facility of 48 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. By September 1988, more than 6,200 hours of operation had 
been accumulated. 

Krupp Rappers and Siemens, KWU Group, an planning a demonstration 10CC plant based on the PRENFLO process. This 
demonstration plant will have a capacity of 160 megawatts, based on one PRENFLOW module with 1,200tonnes per day coal 
throughput and two Siemens V64 gas turbines. The detailed engineering is expected to be finished in 1989, so that a contract can 
be awarded in the second half of the year. The startup of the plant is planned for 1992. 

Project	 t Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (C47) 

In September of 1988, Kellogg was awarded a contract by the DOE to study the application of transport mode gasification and 
combustion of coal in an Advanced Hybrid power cycle. The cycle Is expected to reduce the cost of electricity by 20 percent and 
raise plant efficiency to 45 percent or more. 

The Hybrid system combines the Advantages of a pressurized coal gasifier and a pressurized combustor which art used to drive a 
high efficiency gas turbine generator to produce electricity. The proprietary Kellogg system processes pulverized coal and lime-
stone and relies on high velocity transport reactors to achieve high conversion and low emissions. 

The gasifier converts part of the coal to a low-BTU gas that is filtered and sent to the gas turbine. The remaining char is corn-  
busted and the flue gas is filtered and also goes to the gas turbine. The advantages of the system in addition to high efficiency are 
lower capital coat and greatly reduced SO, and NOx emissions. 

Kellogg anticipates following up the study work with bench scale and pilot plant testing of the concept. 

RHEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C480) 

Rheinbraun and Ubde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

Based on operational experience with various coal gasification processes, especially with ambient pressure Winkler gasifiers, 
Rheinische Braunkoblenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High-
Temperature Winkler (HTW) process. The engineering contractor for this process is Ubde GmbH. 

The development was started at the 1nstitut fur Eisenhuttenkunde' of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pre-tests with this PDU a - plant operating at pressure of 10 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 13 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21,000 tonnes of dried 
brown coal were processed in about *000 hours of operation. The specific synthesis gas yield reached 1,580 standard cubic meters 
per tonne of brown coal, MAP, corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square meter of 
gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

After gasification tests with Finnish peat in the I-nW pilot plant in the spring of 1984 the Kemira Oy Company, Finland decided to 
convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the HTW process. The plant 
is designed to gasify approximately 650 tons per day of peat at 10 bar and process it to 280 tons per day of ammonia. This plant 
started up in 1988. 

Rheinbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters syngas per year. AU 
engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Ubde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union Kraftstoff subsidiary for methanol production testing 
periods. From startup in January 1986 until end of July 1989 about 406,400 tonnes of dried brown coal were processed within about 
15,100 hours of operation. During this time about 510 million cubic meters of synthesis gas were produced. The plant availability 
was increased to 100 percent during the first quarter of 1989. The longest period of continuous operation was 109 days from end of 
December to mid April, 1989. 

Studies for further development of the HTW process for higher pressures upto 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 hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction was completed in mid-1989. Startup is planned for October 1989. 

This work is performed in close co-ordination with Rheiabraun's parent company, the Rheinisch-Westfalisches Elektrizitatswerk, 
which operates a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity will have to be renewed 
after the turn of the century, it is intended to develop the IGCC technology so as to have a process option available for the new 
power plants Tests will be carried out with air and oxygen as gasifying agent starting in late 1989. Based on the results of these 
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COMMERCIAL AND R&D PROJECTS (Continued) 

tests and on the operating experience gained with the HTW synthesis gas plant, a decision on the construction of a demonstration 
plant for integrated ff1'W gasification combined cycle (}fl'W-IGCC) power generation will be taken around mid-1991. 

Project Cat Not disclosed 

SASOL - Sasol Limited (C-490) 

Saint Limited is the holding company of the multi divisional Seoul Group of Companies. Seoul is a world leader in the commercial 
production of coal based synthetic fuels. The Symbol oil-from-coal process was developed by Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Said Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1962, respectively. 

The two Seconds 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 megaliten. Sasol's facilities at Secunda for the production of oxygen are by far the 
largest in the world. 
Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Recticol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Synthol process. 

The products of Soso] Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four Secunda Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cst: SASOL Two $19 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-SW) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. A contract was completed 
with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). A feasibility report was com-
pleted and financeability options discussed with governments concerned and other parties. 

Scotia Synfuels limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 12,500 barrels per day based on a reprocessing concept and purchased the Point Tupper site from Ultramar Canada Inc. Recent 
developments in ca-processing technology have reduced the capital cost estimates to under $C500 million. 

Scotia Synfuels and partners have also concluded an agreement with the Nova Scotia government supported by the federal govern-
ment for financial assistance on a $23 million coprocessing feasibility study. The study is expected to be completed by June, 1990. 

Project Cost: Approximately $23 million for the feasibility study 
Approximately (3500 million for the plant 

SCRUBORASS - Scrubgrass Associates (C-Sb) 

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 Scnibgrass 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 
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COMMERCIAL AND R&D PROJECTS (Continued) 

the Interior Province Bituminous Coal Gasification Projects The technology consists of three basic processes: high pressure OWE 
entrained-flow coal gasification, ia methanol synthesis, and the Mobil methanol-to-gasoline (Mit) press. On November 19, 
1985, the Sit 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 -. 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 
cats, are $145,,000. 

Project Cat See above 

SEP GASIFICATION POWER PLANE PROJECT - SEP (5)) 

Samenwerkende Eiektriciteits-Productiebedrijvn(SE?), the Central Dutch electricity generating company, has submitted to the 
government a plan to build a 250 megawatt coal gasification plant, to be ready in 1993. SEP's previous electricity -, approved 
early in 1987, contained a project to build a 600 megawatt coal gasification unit at Maasvtakte, near Rotterdam, but construction for 
startup in 1997 will now be based on experience gained honi the smaller plant 

SEP gave Coniprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/LargL In April, 1989 it was announced that the Shell process had been chosen. 

The location of the gasification/combined cycle demonstration station is likely to be in Buggenum, in the province of Linburg 

After two years of experimentation, the plant may be expanded to 600 megawatts capacity. 

Project Cost DFI,700 million 

SHANGHAI CHEMICAlS FROM COAL PLANT - People's Republic of China (0.525) 

The Chinese government has approved construction of a new methanol complex. Using coal as raw material, the Shanghai-based 
plant is expected to produce 10D,000 tons per year of methanol and 15,000 tons per year of acetate fiber. Completion is due in 
1992. 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (0.530) 

ShellOil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 with over 
4000 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 am king medium-BTU gas, using the Shell Coal Gasification Process, 
at its Deer Park Manufacturing Complex near Houston, TX. The facilitys 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 40) tons per day of lignite. The medium-BTU 
gas and steam produced are consumed in Shell's adjacent manufacturing complex. The Electric Power Research Institute is also a 
participant in the program. 

Shell's demonstration unit started up in July 1987 and reached design capacity within the first 50 hours of operation. During the 
five month period from December 1987 to May 1988, the unit operated at design conditions 82 percent of the time. Additionally, 
the unit has successfully completed a planned demonstration run of 1500 hours - or more than two months - of continuous opera-
tion. The plant operated smoothly and met design conditions. During the demonstration the unit consumed about 230 tons daily 
of Illinois No. 5 coal containing 3 percent sulfur. The smooth plant operation during this long run indicates the reliability of the 
process and mechanical features of the Shell Coal Gasification technology.
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The long run also validated the environmental acceptability of the Shell process. The plant's emissions were well below the limits 
of the company's Tens air quality permit, while the wastewater was treated at the plant's bio-treater and posed no significant 
operating problems. The product gas contained the required low level of sulfur compounds and no detectable solids. The slag 
produced was used locally in a variety of construction applications. 

Since achievement of the long demonstration run, the plant has focused on evaluation of additional coals, plant runs aimed at op-
timi'ing design rules and technology improvements. Eleven different coals have been run in the demonstration unit including those 
from the Illinois Basin, Northern and Central Appalachia, Powder River Basin, Texas lignite, and Australian coals. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-SW) 

The British Gas Corporation (DCC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot- 
land. (This gasifier has a throughput of 350 tons per day.) The plant successfully operated on a wide range of British and 
American coals, including strongly caking and highly swelling coals. The ability to use a considerable proportion of fine coal in the 
feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal through the tuyeres 
into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. The coal is gasified in 
steam and oxygen. The slag produced is removed from the gasifier in the form of granular hit. Gasification is substantially com-
plete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully. Total operating 
time was over one year and over 100,000 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 time per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 73 feet. Integrated combined cycle tests will be carried out with an 5K 30 Rolls Royce Olympus turbine to gener-
ate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 1,950 degrees 
F; a compression ratio of 10, and a thermal efficiency of 31 percent. Currently, this gasifier has operated for approximately 84 days 
and has gasified over 32,000 time of U.K. and U.S. (Pittsburgh No. 8) coals. 

In addition to the current 500 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 'it) atmospheres was constructed in 1988. It is designed for a throughput of 200 tons per day. The unit is to be used 
to study the effect of pressure on methane production and gasifier performance. 

Project	 t Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-550) 

The South Australian Government is continuing to assess; the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments S the mid- 199. 

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 Knipp-Koppers. Heads of Agreement have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun HTW gasifier 
and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbinun pilot plant at Frechen-Wachtberg, PRO has been completed. 

The third phase, the detailed costing and feasibility study, wasdeferred in 1988 for at least three years due to deferred need for 
new electric capacity with significant reduced electricity load growth. 

Project Cost DM 7.5 million 

SYNIIIESEGASANLkGE RUHR (SAR) - Ruhrkohle Gel and Gas GmbH and Hoechst (C-560) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten.
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The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. As of 1989 the gasification plant is to be modified to allow for input of either hard coal or heavy 
oil residues. The initial investment was subsidized by the Federal Minister of Economies 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. (C-Sb) 

The Texaco Coal Gasification Process reached a milestone in January, 1989 with the successful completion of the five year 
demonstration of commercial operation by the Cool Water Coal Gasification Program. After production of more than 23 billion 
kilowatt hours of electricity from gasification more than one million tons of coal, the Cool Water Program completed operation in 
late January to permit full documentation of the results. As the first fully integrated commercial scale gasification combined cycle 
power plant in the world, Cool Water demonstrated the ability of the texaco process to efficiently use a wide range of coals in an 
environmentally superior manner. Emissions of sulfur dioxide, oxides of nitrogen and particulates from even high sulfur coals were 
far below the stringent Federal New Source Performance Standards requirements for coal fired plants. 

The Texaco Coal Gasification Process can be used for the commercial production of electric power and a variety of products, and 
has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects currently in 
operation utilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which manufactures 
methanol and acetic anhydride, the 1,650 tons per day Ube Ammonia plant which manufactures ammonia, and the 800 tons per 
day SAR plant in Oberhausen, West Germany for the manufacture of ore-chemicals. Commercial projects currently in detailed 
design and/or construction include the 400 ton per day LuNan Coal Gasification Plant in China to manufacture ammonia, and the 
1,100 tons per day Shoudu Coal Gasification Plant in Beijing, China, which will produce town gas. Many United States utilities are 
actively considering coal gasification for future electric power capacity additions, and are working with Texaco on detailed site-
specific studies of the Texaco process. Outside the U. S. many projects using Texaco's technology are in the evaluation stage and 
include plants to be located in the Netherlands, Sweden, Denmark, Italy and China. 

Project Cost Not applicable 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process (TCGfl. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are 
used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests nra at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1981 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 1964. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification processas 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 
120 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 

YEW GASIFICATION PROCESS - Vereinigte Elektrizitatswerke (C-600) 

A gasification process being specially developed for application in power plants is the YEW Coal Conversion Process of Vereinigte 
Elektrizitatswerke, a German utility. The process works on the principle of entrained flow. Coal is partly gasified with air and the 
remaining coke is burned separately in a fluidized bed combustion unit. Because the coal is only partly gasified, it is not necessary 
to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Three variants are being tested for gas cleaning, 
whereby both wet and dry gas cleaning are being applied. These consist of: 

Wet gas-cleaning with prescrubbing to remove NH4CI, 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 POD plant.
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Dry removal of chlorine and alkalies in a circulating fluidized bed in which lime is used as a reagent, with sulfur 
removal in the POD plant 

yEW is presently planning the conversion of one of its six gas-fired power stations to the new technology. The coal gasification 
process is expected to be fully developed by 1990. 

Project Cat: Not disclosed 

V1CI'ORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) fly. Ltd. (0610) 

BCLV is operating a - plant at Morwell in southeastern Victoria to pm the equivalent of 50 torn per day of dry ash free 
cost. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kite Steel, Mitsubishi Chemical Industries, Ninho brat, 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). NBC. is entrusted with implementation of the entire program, and BCLV 
is carrying out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1961. The remaining sections, consisting of solvent dashing and secondary hydrogenation, were completed during 
1966. Both sections are now operating. The pilot plant is planned to operate until September, 1989. 

The aim of the - plant is to provide data on the BC. Process developed since 1971 by members of the consortium. Tentative 
plans call for construction begirniig near the end of this decade of a demonstration plant consuming about 5,000 tons per day of 
dry coal equivalent, this being the rug unit of a six unit commercial plant. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pry. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant 

Project Cat Undisclosed 

WUJING TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

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 Stalled and operated with the 
existing coke oven in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,100 Kea] per cubic mcter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50to60 megawatts of 
electricity, 10) metric tons per hour of low pressure steam; and 300000 metric tons per year of 9925 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages. 

The study was completed and evaluated. Bechtel was - from a $600,000 grant to SCCP from the United States trade and 
development program (113P) International Development Cooperation Agency. 

Phase 1, designed to produce one million cubic meters per day of town gas, 100,000 tons per year of methanol, and 15,000 tons per 
year of cellulose acetate was submitted to the Chinese National Planning Board for approval by Shanghai municipality in April, 
1968. It was approved by the Chinese National Planning Board at the end of September, 1989. 

Project Cat Not disclosed

UNDERGROUND COAL CONVERSION PROJECTS 

RGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (0630) 

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 13CC. 
However, experts from the United States, Fiance, Netherland, Belgium, and West Germany concluded that the depth of the 
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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 (CR11') 
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 3-0 seismic work has been done. Mother well is proposed to 
be drilled for more data gathering before actual gasification In 1989-90. 

Project Cont: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOIN BELGO-GERMAN PROJECT'- Belgium, European Economic 
Community, and Federal Republic of Germany (C-640) 

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 2D 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 lust 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 1992 without the formation of a linking channel. The 
test had to be halted due to self-ignition of the coal, after 33 days. In November 1982 the fire was extinguished by injection of 
water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after 
scattering of this fire, the oxygen content of the exhaust gases increased to a level where it should be possible to again develop 
reverse combustion starting from the recovery well. 

The trials made during February-May 1984 demonstrated that this concept an be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the reery well on March 20 and April 19, injecting ca. 500 cubic meters per hour air and 50 cubic 

re meters per hour carbon dioxide under 250 bar and keeping a backpressu 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 H, 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 ft 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 H. 

In December 1985 and January 1986; a sidetracked hole was drilled from the level 670 of Well U and crossed the seam at about 
1 meter from the dainbole. 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 tubingof 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 - 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. 
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They tried to provoke self-ignition at the coal by Injecting $ small flow at oxygen enriched alit this succeeded on October 14. the 
program is flat, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carton dioxide/oxygen mixture as gasi4'ing 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-650) 

Initial LLNL work involved development of the packed bed process for UCG, using explosive fracturing to link injection and 
production wells. A field test, Hoe Creek No 1, was conducted during FY1976-1971, to test the concept. The second experiment, 
carried out during FY1977-78, Hoe Creek No2, was linked using reverse combustion and produced 100-150 UMper standard 
cubic foot gas using air injection, and 250-300 BTU per standard cubic foot gas during a two daysteam-oxygen injection test. The 
next experiment, Hoe Creek No. 3 was 	 978- carried out during the FY179, using a drilled channel to provide the link. The test ran 
for 57 days, 47 consecutive days using steam and oxygen during which 3,800 tons of coal were gasified with an average heating value 
of 215 BTU per standard cubic foot The test showed that long term use of steam oxygen for UCG is technically feasible, 
operationally simple and safe. 

As a result of the experience at Hoe Creek LLNL developed the Controlled Retracting Injection Point (CR11') concept for UCU. 
The development of this gasification method was a result of recognition of the importance of maintaining oxygen injection in a 
UCG reactor low in the scam. The CR11' concept insures a low injection point by using a horizontally drilled injection well placed 
at the bottom of the seam, in which a steel liner is inserted the full length of the hole. In addition, the technique also allows 
multiple cavities to be developed from a single injection well. This is accomplished through the use of an igniter/cutter assembly in 
the injection well capable of burning through the injection well liner and igniting the coal. This new concept was first tested in the 
tarp Block Tests carried out in FY1982 at the WIDCO mine site. In addition to testing the new CRlF concept for the lint time, 
these tests were designed to be midway between laboratory and full field scale. This mid-scale size allowed the burn cavities to be 
excavated yielding valuable information about UCO cavity growth. 

The results of the 'Large Block TesiC led to the design of the Centralia Partial Scam CR11' test which was carried out in 
FY19113-84. This test which used the upper half of the Big Dirty seam demonstrated the technical feasibility of the CR11' method 
on a full-scale system. Two cavities were developed and over 2,000 tons of coal were gasified with steam and oxygen, producing an 
average heating value of 2400W per standard cubic foot Because of routine mining operations at the WIOCO mine site where 
the test was performed, LLNL had the opportunity to excavate this large scale-burn during FY1986. This excavation was extremely 
valuable in helping to refine the UCG process model as well as providing data for model validation. 

The CR1? concept was carried to an even larger scale in the Rocky Mountain I (RM-l) UCO test performed in FY1988. The RM-I 
test was a nominal 100 day test of two technologies for UCG performed near Hanna, Wyoming at the site of previous DOE UCG 
tests. In addition to the CR11' module a second module called the Extended linked Well (ELW) module was also operated. The 
CRlF module performed extremely well. Approximately 10,000 tons of coal were gasified over the course of 93 days of forward 
gasification. The 287 BTU per standard cubic foot average gas heating value was the highest level ever obtained in a flat lying coal 
seam. The process also demonstrated efficiencies equal to that of surface gasification units. During operation of the CRIP module 
four separate cavities were generated demonstrating the ability of the CRlF technology to reliably generate multiple cavities from a 
single injection well. 

The RM4 test was jointly sponsored by the DOE and private industry. liNt, involvement in the lest included supply and 
operation of data acquisition hardware and software, supply and operation of gas analysis equipment, technical input to test design 
and operation, and supply of personnel for technical operation of the test. 

In addition to involvement in field work, LLNL has over the course of the last several years developed a state-of-the-art computer 
model of the UCG process. This model, called CAVSIM, addresses both gas composition and resource recovery questions 
associated with UCG. The model successfully predicted the shape of the cavity uncovered during the excavation of the Centrals 
Partial Seam CR11' test In addition, model computations of coal consumption and gas production rates in a simulation of the 
RM-I test have been shown to agree very well with the field data 

Project Cost Not disclosed 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN I TEST - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Union Pacific Resources Company, and United States Department of Energy (C-MO) 

A field test of the Controlled Retracting Injection Point (CR11') technology was conducted in late 1987 and early 1988 near Hanna, 
Wyoming. The test, named Rocky Mountain I,' 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. 
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The test site is about two miles south of Manna, Wyoming near a site used in the lflk by the government to conduct some of the 
United Stat& first underground coal gasification tests. The CR11' technique was conceived by LUlL in the late 1970; to improve 
the efficiency, boost resource recovery,and increase the reliability of underground coal gasification. The CR11' 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 gasifier 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 cal, and the process is 
rapt 

A 30 day field test of the CR11' technique was conducted in 1983 at an exposed coal face in the WIDCO coal mine near Centralia, 
Washington. The Rocky Mountain I test crated multiple cavities in two parallel rows 350 feet underground in a 30 foot thick 
subbitunrinous coal seam. One row consisted of a 300 toot long CR11' module The other aw 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 CR11' module, the better of the two, gasified 11,00D tons of coal 
over a 93 day interval, producing a product with an average heating value of r 81'U/SCP, dry gas comp. 38% H2' CH 4' 12% 
CO and 38% CO 2- at an oxygen utilization efficiency level of 1640 BTU/0 2 (H'') 

Project Coat: $9.85 million 

UNDERGROUND GASIFICATION OF ANIT-IRACITE, SPRUCE CREEK - Spruce Creek Energy Companr a joint venture of 
Oilman Company, Ocosystems Corporation, and Bradley Resources Corporation (0.680) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Coat: Not disclosed 

COAL GASIFICATION, RAWLINS PROJECT— Energy International, Inc. and United States Department of 
Energy (C-690) 

Energy International (El), Inc. has been authorized to receive $12 million from the Department of Energy's Clean Coal Technology 
Program in support of an underground coal gasification (UCG) project near Rawlins, Wyoming. The DOE money, which will be 
repaid from any resulting profits, will supplement the private sector financing that will fund the UCG production of syngas to make 
ammon 

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 1970h, when the GR&DC 
began an experimental 13CC project there utilizing the steeply dipping coal seam. The site of the earlier work has now been 
environmentally restored and the new project will be located nearby. 

As part of its Rawlins project, El plans to purchase an existing ammonia plant in Augusta, Georgia and an existing oxygen plant in 
Sault Ste. Marie, Canada, and move them to the Wyoming project site. 

Project Cost $113 million
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COMPLETED AND SUSPENDED PROJECTS 

Ptoied 

A-C Valley Corporation Project 

Acurex-Aerotherm Low-BTU Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Flash Hydropyrolysis 

Agglomerating Burner Project 

Mr Products Stagging Unifier 
Project 

Alabama Synthetic Fuels Project 

Amex Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Prnccn 

Bell High Mass Flux Unifier 

Deluge Methanol Project 

BI-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Stagging Project 

Car-Mox Low-Wit Gasification 
Project

Sponsors 

A-C Valley Corporation 

Aturex-Aerotherm Corporation 
Glen-Gery Corporation 
United States Department of Energy 

Arthur D. little, Inc. 
Foster-Wheeler 
United Slates Department of Energy 

Rockwell International 
U.S. Department of Energy 

Battelle Memorial Institute 
United Slates Department of Energy 

Air Products and Chemicals, Inc. 

AMFAR Inc. 
Applied Energetics Inc. 

AMAX, Inc. 

M. W. Kellogg Co. 
United Slates Department of Energy 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

See Tenneco SMG from Coal 

Standard Oil Company (Ohio) 
TRW, Inc. 

Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Cook Inlet Region, Inc. 
Placer U. S. Inc 

United States Department of Energy 

Bechtel Petroleum, Inc. 

El Paso Natural Gas Company 

Dravo Constructors 
Wodd Energy Inc. 

Calderon Energy Company 

Fike Chemicals, Inc.

Last Annearance in SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-23 

June 1987; page 447 

September 1978; page B-fl 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 445 

September 1989 page 4-53 

December 1986, page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981; page 4-72 

December IM- page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

December 1995; page 4-73 

March 1980; page 4-53 
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Project Sponso, LastAm,earnnceinSFR 

Catalytic Coal liquefaction Gulf Research and Development December 1978; page 11-25 

Caterpillar Low BTU Gas From Coal Caterpillar Tractor Company September 1988, page 4-55 

Cclanese Coastal Bend Project Celanese Corporation December 1982, page 4-83 

Celanese East Tens Project Celanese Corporation December 198Z, 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 11-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project Thasco 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 1%6 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 197a, page B-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page B-26 

Coaler P.	 Development Coaler Energy December 1978; page 11-26 

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 
Project

Columbia Gas System, Inc September 1982; page 4-72 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy
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Project Snonsors Last Appearance in SFR 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. Of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy 

Cool Water Gasification Program Bechtel Power Corporation September 19M page 4-58 
Empire State Electric Energy Research Corporation 
Electric Power Research Institute 
General Electric Company 
Japan Cool Water Program Partnership 
Sohio Alternate Energy 
Southern California Edison 

Cresap liquid Fuels Plant Fluor Engineers and Constructors December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-S 
Project TransWortd Resources 

DeSota County, Mississippi Mississippi Power and light September 1981; page 4-58 
Coal Project M.6J1J, Slate of 

Ralph Pt Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

Dow Gasification Process Development 	 Dow Chemical Company.	 June; 1987 page 4-53 

EDS Process	 Anaconda Minerals Company 	 June 1985; page 4.63 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle AG. 
United States Department of Energy 

Elmwood Coal-Water-Fuel Project 	 Poster Wheeler Tennessee 	 March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Exxon Catalytic Gasification Exxon Company USA December 1984; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 198Z page 4-76 

Fast Fluid Bed Gasification Hydrocarbon Research, Inc. December 1982; page 4-90 
United States Department of Energy 

Flat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat flG
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Prolect Swnwrs Last Aooearnnce in SFR 

KRW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidental Research Corporation December 198Z page 4-91 
Conversion United States Department of Energy 

Flash Pyrolysis of Coal Brookhaven National Laboratory June 1988; page 4-69 

Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 

Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 19M page 4-68 
Program United States Department of Energy 

FUInIjI Low-BTU Gasifier M.W. Kellogg Company December 198& page 4-59 
People's Republic of Mina 

Gas Turbine Systems Development Curtiss-Writ Corporation December 1983; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Greek Lignite Gasification Project Nitrogenous Fertilizer Industry (AEVAL) September 1988; page 4-61 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire, Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

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 Stagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page 13-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1984 page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstrn- 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
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Prolect &Iumu,p Last Annearance in SFR 

IT!' Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 
3. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page B-iS 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics& Space June 198& page 4-85 
Project Administration 

Ken-Tex Project Tern Gas Transmission Corporation December 1983; page 4-95 

"tone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project B. 3. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

IULaGAS Project Allis-Otalmers December 1988; page 4-65 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company 

Kiockner Coal Gasifier Klockner Kohlegas March 1987; page 4-74 
CRA (Australia) 

Kohie Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmet SNG from Coal Teaco Inc. December 198Z page 4-98 
Project Transwcstern Coal Gasification Company 

Latrobe Valley Coal Uque- Rheinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-Fining Processing of SRC Utica Service Company December 1983; page 4-96 
United Slates Department of Energy 

LIBIAZ Coal-To-Methanol Project Krupp Koppers, KOPEX December 1988; page 4-65 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Corn- Irvin Industrial Development, Inc. June 1979 page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Mediurn-BTU (ins 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
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Pioiect Soonsora jsst Aooearance in SFR 

Mazingarbe Coal Gasification Project Cerchar (Prance) 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 CDI Industries Inc. June 1984; page 4-79 
Project Gvts 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-fl 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Mid= Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987, page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Qenfl 
Davy McKee 
Drav 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickaads Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
US Bureau of Mines 
US Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-1 
from Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88
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Project Sponsors Last Annearance in SFR 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

National Synfuels Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuels Inc. 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 

New Mexico Coal Pyrolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 
Project Minnesota Gas Company 

Minnesota Power & Eight Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light 

Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Get & Gas GmbH 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Carl A. Ott Engineering Company December 1993; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 445 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company
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SLan aol. 

Penn/Sharon/Klockner Project 

Philadelphia Gas Works Synthesis 
Gas Plant 

Phillips Coal Gasification 
Project 

Pike County Low-BTU Gasifier 
for Commercial Use 

Plasma AN Torch 
Corporation 

Port Sutton Coal-Water Fuel Project

Rlockner Kohlegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works 
United States Department of Energy 

Phillips Coal Company 

Appalachian Regional Commission 
Kentucky. Commonwealth of 
United States Department of Energy 
Swindeu-Dresser Company 
Technology Application Service 

ARC-Coal, Inc. 
COMCO of America, Inc. 

Powerton Project	 Commonwealth Edison 
SeetHe Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coals, 
Canada 

Riser Cracking of Coal 

RUHRIOO Project 

Rheinbraun Hydrogasification of Coal

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Council 

Institute of Gas Technology 
United Sates Department of Energy 

Ruhrgas AG 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Reinische Braunkohlenwerke 
Lurgi 0mW-I 
Ministry of Research & Technology

San rbergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Sesco Project 

Sharon Steel 

Simplified IGCC Demonstration Project

Last Annearnnce in SFR 

March 1985; page 4-72 

December 1983; page 4-109 

September 1984; page C-28 

June 1981; page 4-78 

December 1978; page B-33 

December 1985; page 4-86 

March 1979 page 4-86 

December 1983; page 4-108 

December 1978; page B-34 

March 1985; page 4-90 

December 1981; page 4-93 

September 1984; page C-29 

December 1987; page 4-80 

Saarbergwerke AG
	

June 1984; page 4-86 
Dr. C Otto & Company 

Poster Wheeler Corporation	 September 1985; page 4-77 

Solid Energy Systems Corporation 	 December 1983; page 4-110 

Klockner Kohlegas GmbH	 March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

General Electric Company	 September 19K- page 4-71 
Burlington Northern Railroad 
Empire State Seethe Energy Research Corporation 
New York Slate Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
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Project	 S,.	 Last Annearance in SFR 

United States Department of Energy

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big hires Industries, Inc. 

The BOC Group pk 
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-lltogasiflcation General Atomic Company September 1978; page B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic CF. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Cal Demonstration International Coal Refining Company September 19M page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-lion Project Gas Research Institute December 1978; page B-IS 
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 B-36 
United States Department of Energy 

Sweeny Coal-to-Fuel On Project The Signal Companies, Inc March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. - December 1983; page 4-112 
Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988', page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Tens Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

TWA Ammonia From Coal Project Tennessee Valley Authority September 1989 page 4-77 

Two-Stage Stained 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 Tens 

UCG Brazil Compannia ASliar de Empresas Eiectricns Brasileriras September 198% Page 4-75
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Project	 Sponsors	 Last Appearance in SPIt 

UCG Brazil 

Underground Coal Gasification, 
Canada 

Underground Coal Gasification, 
English Midlands Pilot Project

Companhia Awci liar de Empresas Elect ricas Brasileiras 
U.S. DOE 

Alberta Research Council 

British Coal

December 1988; page 4-25 

September 1984; page (>37 

September 1987; page 4-76 

Rocky Mountain Energy Company 
United States Department of Energy 

Leigh Creek Government of South Australia 

Lawrence Livermore Laboratory
United States Department of Energy 

Mitchell Energy 
Republic of Texas Coal Company 

Rocky Hill Project 

Underground Gasification of Deep Seams
	 Groupe d'Etudes de Is Gazeification Souterraine 

Qiaitonnagcs & France 
Gas de Prance 
Institut Francais du Petrole

June 1985; page 4-75 

September 1989 page 4-81 

December 1983; page 4-119 

March 1985; page 4-98 

December 1983; page 4-120 

December 1987; page 4-86 

Underground Coal Gasification, 
Hanna Project 

Underground Coal Gasification, 

Underground Coal Gasification 
Hoe Creek Project 

Underground Coal Gasification 

Underground Coal Gasification -	 ARCO 

Underground Gasification of 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of 
Texas Lignite 

Underground Coal Gasification, 
Thunderbird II Project 

Underground Coal Gasification, 
Washington State 

Underground Gasification of 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion 

University of Minnesota 
Low-Bit Gasifier for Commer-
cial Use 

Utah Methanol Project 

Verdigris 

Virginia Power Combined Cycle Project 

Watkins Project 

Westinghouse Advanced Coal 
Gasification System for 
Electric Power Generation

Basic Resources, bc 

Texas A & M University 

In Situ Technology 
Wold-Jenkins 

Sandia National Laboratories 

Basic Resources, Inc. 

Union Carbide/Linde Division 
United States Department of Energy 

University of Minnesota 
United States Department of Energy 

Questar Synfuels Corporation 

Agrico Chemical Company 

Consolidation Coal 
Electric Power Research Institute 
Stagging Gasification Consortium 
Virginia Electric and Power Company 

Cameron Engineer; Inc. 

KRW Energy Systems Inc.

December 1983; page 4-121 

December 1983; page 4-121 

March 1985; page 4-102 

March 1983; page 4-124 

March 1985; page 4-101 

June 1984; page 4-92 

Match 1983; page 4-119 

December 1995; page 4-90 

September 1984; page (>35 

December 1985; page 4-90 

March 1978; page B-fl 

September 1995; page 4-80 
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Whitethorne Coal Gasification
	 United Synfuels Inc.	 September 1984; page C-36 

Wyoming Coal Conversion Project
	 WyCoalGas, Inc. (a Panhandle Eastern

	 December 1982, page 4-112 

Zinc Halide Hydroerneking
	 Conoco Coal Development Company

	 June 1981; page 4-86 
Process Development
	

9ieU Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Orannization Project Name 

AI3CI Ltd. AECI Ammonia/Methanol Operations 4-59 
Coaa Project 4-63 

AGA Nynex Energy Chemicals Complex 4-77 

Air Products and Chemicals, Inc. Laporte liquid Phase Methanol Synthesis 4-73 
Liquid Phase Methanol Demonstration Project 4-74 

A. Johnson & Company Nynas Energy Chemicals Complex 4-63 

Amoco Production Company Underground Coal Gasification Rocky Mountain 1 Test 4-87 

Asia Oil Victoria Brown Coal Liquefaction Project 4-85 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 445 

Basin Electric Cooperative Great Plains Gasification Plant 4-69 

Bechtel Inc. Coistrip Cogeneration Project 4-64 

Belgium, Government of Underground Coal Gasification, Joint Belgo-German Project 4-86 

Bharat Heavy Electricals Ltd. BHEL Coal Gasification Project 4-59 
BHEL Combined Cycle Demonstration 4-59 

BP United Kingdom, Ltd. Monash H$ioliquefaction Project 4-76 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-88 

British Coal British Coal liquid Solvent Extraction Project 4-60 
CRE Spouted Bed Gasifier 4-65 
PowerGen Combined PFBC/GCC System 4-79 

British Department of Energy British Coal liquid Solvent Extraction Project 4-60 
CRE Spouted Bed Gasifier 4-65 

British Gas Corporation MRS Gasification Process 4-76 
Staging Gasifier Project 4-83 

Broken Hill Pty. Broken Hill Project 4-60 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-61 

Brown Coal Liquefaction fly. Ltd. Victoria Brown Coal Liquefaction Project 4-85 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-68 

Carbocol Colombia Gasification Project 4-63 

Carbon Fuels Corp. Char Fuels Project 4-62 

Carbon Gas Technology Huenxe COT Coal Gasification Pilot Plant 4-70 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-66 

Char Fuels of Wyoming Char Fuels Project 4-62 

Chem Systems, Inc. Laporte liquid Phase Methanol Synthesis 4-73
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Company or Oznnization Proicci Maine 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-75 
Corporation 

Coal Conversion Institute Polish Direct Liquefaction Process 4-78 

Coal Gasification COCA-I Project 4-63 

Combustion Engineering Lakeside Repowe ring Gasification Project 4-73 

Continental Energy Associates Can-Do Project 4.62 
Dakota Gasification Company Great Plains Gasification Plant 4-69 

Liquid Phase Methanol Demonstration Project 4-74 

DEVCO Scotia Coal Synfuels Project 4-81 

Dow Chemical Dow Syngas Project 4-67 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-58 
Laporte Liquid Phase Methanol Synthesis 4-73 
Underground Coal Gasification Rocky Mountain I Test 4-87 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-77 

Energy Brothers Inc. K-Fuel Commercial Facility 4-72 

Energy International Underground Coal Gasification, Ammonia\Urca Project 4-88 

European Economic Community Underground Coal Gasification, Joint Belgo-German Project 4-86 

Gas Research Institute Underground Coal Gasification Rocky Mountain 1 Test 4-87 

Gelsenberg AG Huense COT Coal GAsification Pilot Plant 4-70 

Geatenis Corporation Underground Gasification of Anthracite, Spruce Creek 448 

German Democratic Republic GSP Pilot Plant Project 4-70 

GFK Gcsetlschaft fur Kobleverfiussigung GFK Direct liquefaction Project 4-68 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Syafuels Project 4-81 

Oilman Company Underground Gasification of Anthracite, Spruce Creek 488 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-81 

Hanover Energy Associates Hanover Energy Doswell Project 4-70 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4-77 

HId Inc. Ohio Ontario Co-Processing Project 4-78 

ldemitsu Kosan Victoria Brown Coat Liquefaction Project 4-85 

Interproject Service AB P-CO Process 4-78 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-85 

Kellogg Company, The M.W. KRW Energy Systems Inc. Advanced Coal Gasification 4-72 
System for Electric Power Generation 

Pressurized Fluid Bed Combustion Advanced Concepts 4-80 

Kemira Oy Oulu Ammonia From Peat Project 4-78 

lU-ID Industries Lulea Molten lion Pilot Plant 4-75 

Kilbora International Frontier Energy Coprocessing Project 4-68
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Company or Oruanization	 Project Name	 Lu! 

Kobe Steel 

Korf Engineering 

Krupp Koppers GmbH 

Lawrence Livermore Laboratory 

Manfred Nemitz Industrieverwaltung 

Minister of Economics 

Mitsubishi Chemical Industries 

Monash University 

New Energy Development Organization 

Nippon Brown Coal liquefaction Co. 

Nippon Steel Corporation 

Nissho iwni 

Nokota Company 

North-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Ohio Ontario Clean Fuels Inc. 

Oil & Natural Gas Commission 

Osaka Gas Company 

Otto-Simon Carves 

Pacific Gas & Electric 

People's Republic of China 

Petit-Canada 

PowerGen 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rheinische Braunkohlwerke 

Rosebud Energy Corp. 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Saabergwerke AG

Victoria Brown Coal Liquefaction Project 

Cores Iron Making Process 

PRENFLO Gasification Pilot Plant 

Underground Coal Gasification - LLNL Studies 

Huenxe COT Gasification Pilot Plant 

Bottrop Direct Cal Liquefaction Pilot Plant 

Victoria Brown Coal Liquefaction Project 

Monash Hydroliquefaction Project 

ClUE?! Entrained Flow Gasifier 
Hydrogen From Coal Pilot Plant 
Nedol Bituminous Coal Liquefaction Project 

Victoria Brown Coal Liquefaction Project 

P-a) Process 

Victoria Brown Coal liquefaction Project 

Dunn Nokota Methanol Project 

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAR) 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

Ohio Ontario Co-Processing Project 

Underground Coal Gasification, India 

MRS Gasification Process 

CRE Spouted Bed Gasifier 

Coistrip Cogeneration Project 

Mongolian Energy Center 
Shanghai Chemicals from Coal Plant 

Scotia Coal Synfuels Project 

PowerGen Combined PFBC/GCC System 

Hydrogen From Coal Pilot Plant 

Rheinbraun High Temperature Winkler Project 

Colstrip Cogeneration Project 

Shell Coal Gasification Project 

Bottrop Direct Coal liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthesegasanlage Ruhr (SAR) 

GFK Direct liquefaction Project 

4-85 

4-65 

4-79 

4-87 

4-70 

4-aS 

4-76 

4-a 
4-71 
4-77 

4-85 

4-78 

4-85 

4-67 

4-83 

4-81 

4-81 

4-78 

4-85 

4-76 

4-65 

444 

4-76 
4-82 

4-81 

4-79 

4-71 

4-80 

4-64 

4-82 

4-60 
4-83 

4-68 
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Sasol Limited SasS Two and SasS Thee 441 

Scnibgmn Associates Scrubpas Project 4-81 

SGI International Co&rip Cogeneration Plant 4-64 
Lit Cal liquefaction flint 4-74 

Shanghai Coking & Chemical Corporation Wujing Trigenention Project 4-85 

Shell Oil Company Shell Cal Gasification Project 4-82 
Lit Cal Liquefaction Plant 4-74 

South Australia, Government of South Australian Cal Gasification Project 483 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-88 

Stone & Webster Engineering Corporation Ohio Ontario Co-Pmeng Project 4-78 
\Sumitomo Metal Industries, Inc. Lola Molten Iron Pilot Plant 4-75 

Swedish Investment Bank Nynas Energy Chemicals Company 4-77 

Tennessee Eastman Company Chemicals From Coal 4-62 

Texaco Inc. Cool Water CaI/MSW Gasification Project 4-64 
Texaco Coal Gasification Pr 4-84 

Triton Coal Company Lit Cal liquefaction Plant 4-74 

Ube Industries, Ltd. Ube Ammonia-Prom-Cal Plant 444 

Ubde 0mb)! Rbeinbraun High Temperature Winkler Project 480 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain I Test 4-87 

Union of Soviet Socialist Republics Kansk-Aehinsk Basin Coal liquefaction Pilot Plants 4-71 

United Coal Company Mild Gasification Process Demonstration Unit 4-75 

United States Department of Energy Advanced Coal liquefaction Pilot Plant 4-58 
KRW Advanced Coal Gasification System for 4-72 

Electric Power Generation 
Laporte liquid Phase Methanol Synthesis 4-73 
Mild Gasification Process Demonstration Unit 4-75 
Ohio Ontario Co-Processing Project 4-78 
Underground CoalGasification Rocky Mountain 1 Test 4-87 
Underground Cal Gasification, Ammonia/Urea Project 4488 

Veba Oct GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-60 
Vereinigle Eiektrizitatswerke VEW Gmiflation Process 4-84 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 445 

Virginia Power Hanover Energy Doswell Project 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-77 

West German Federal Government Underground Coal Gasification Joint Belgo-German Project 4-86 

West German Federal Ministry of Bottrop Direct Coal liquefaction Pilot Plant Project 4-60 
Research & Thchnology GFK Direct liquefaction Project 4-68 

Rbeinbraun High Temperature Winkler Project 4-80 

Westinghouse Electric KRW Advanced Coal Gasification System for Electric 4-72 
Power Generation
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