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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

New Zealand Synthetic Fuels Finishes First Year of Commercial Operation 

New Zealand Synthetic Fuels Corporation operates a natural gas-to-gasoline 
process. At the end of its first year of commercial operation, the plant is now 
producing 35 percent of New Zealand's gasoline requirements (page 1-1). 

Fuel Use Act Repealed 

Key provisions of the Powerplant and Industrial Fuel Use Act of 1978 have been 
repealed. Where new powerplants formerly could not be built to burn oil or gas, 
a utility now needs only to verity that a new gas-fired powerplant could burn 
syngas from coal. It does not have to provide the capability for making the 
syngas. See page 1-5. 

DOE Continues to Work on Cooperative Ventures Concept 

The United States Department of Energy conducted several public meetings 
around the country to solicit advice on its proposed cooperative R&D ventures 
program. Formal statements delivered at the San Francisco meeting by the 
Electric Power Research Institute and the Gas Research Institute are summarized 
on page 1-5. 

DOE'S Energy Security Report Pleases Few 

The "Energy Security" report requested of the United States Department of 
Energy by President Reagan was issued in late March. The report harshly 
criticized the concept of an oil import fee, although it acknowledged that oil 
imports could increase dramatically. 	 The report is summarized starting on 
page 1-6. 

Shell Describes Status of Synthetic Fuels 

A recent issue of the Shell Briefing Service presents the Royal Dutch/Shell 
Group's viewpoint on synthetic fuels. Although mostly noncommittal, Shell does 
make the point that technology and development should have immediate priority 
so that synthetic fuels can be available when needed (page 1-9). 

MA'S Annual Energy Outlook Adjusts for Oil Price Effect 

The Energy Information Administration's Annual Energy Outlook, issued early this 
year, notes changes in forecasted oil production because of the drop in oil prices 
in 1986. For the long term, however, the report sees little basic change from 
its forecast of last year. A summary of the most significant parts of the report 
begins on page 1-10.
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California Energy Commission Biennial Report Promotes Methanol 

The California Energy Commission's 1987 Biennial Report, proposes that the State 
of California offer strong encouragement to the use of methanol as an automo-
tive transportation fuel. The report (page 1-16) says that methanol would 
provide important air quality benefits as well as reducing the economic risk of 
oil supply interruptions. 

Exxon Official Predicts Significant Rise in Price of Oil 

Exxon senior vice-president D. K. Mclvor, in a widely quoted address prepared 
for an Australian group, suggested that Exxon now perceives a significant rise in 
the price of oil to be "inevitable". His remarks are presented on page 1-19. 

DOE Analysis Shows Potential 20 MMBPD of Synthetic Fuels in 40 Years 

K. Frye and G. Stosur of the United States Department of Energy told the 
Twelfth World Petroleum Congress that advances in technology could lead to a 
worldwide heavy oil and syncrude production of 40 million barrels per day by the 
year 2030. This would amount to 35 percent of total world oil demand (see 
page 1-21). 

South Africa Energy Balance Shows Importance of Synthetic Fuels 

Sasol's oil-from-coal processes now supply 35 percent of total transport fuel 
requirements in South Africa. According to the article on page 1-24, syncrude 
production in South Africa is still economically attractive, due in part to the 
deterioration of that country's currency against the United States dollar, which is 
the basis of oil pricing. 

USSR Outlook Notes Importance of Synthetic Fuels 

The USSR State Planning Committee states that cooperation for initiating coal 
and shale based synthetic fuels production is an urgent problem for the Soviet 
Union and the CMEA (Council for Mutual Economic Assistance) countries. Some 
remarks given to the Thirteenth World Energy Conference are repeated on page 
1-26. 

Synaudes Could Benefit from Tighter Diesel Sulfur Specs 

Various proposals are being considered for forcing the sulfur content in diesel 
fuel down to 0.05 percent or less. As pointed out on page 1-28, synthetic fuels 
from coal, oil shale and tar sands are usually heavily hydrotreated to reduce 
nitrogen levels, and this removes virtually all the sulfur. If all other diesel fuels 
must be similarly hydrotreated in the future, this reduces the differential cost of 
refining syncrudes. 

BLM and Forest Service Revive Land Exchange Proposal 

The Bureau of Land Management and the Forest Service have again submitted a 
plan to exchange public land management responsibilities. This year's proposal 
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covers about 25 million acres, down from the 35 million acre exchange proposed 
two years ago, which was never approved (page 1-29). 

SPP/CPM Plan Further Tests in Taciuk Processor 

Southern Pacific Petroleum and Central Pacific Minerals have shipped oil shale 
from the Stuart deposit in Queensland, Australia to Calgary, Canada for tests in 
the Taciuk thermal retorting device. These tests are scheduled to be carried out 
in the summer of 1987. See page 2-1. 

Eastern Shale Research Evaluates Test Retort 

Eastern Shale Research Corporation has blasted a test retort in Indiana oil shale 
for evaluating the applicability of a Geokinetics-type horizontal modified in situ 
process. Problems encountered in the field program are described on page 2-2. 

United Stratum Plans Sand Wash Project in Utah 

United Stratum Corporation is seeking public financing to build a 375 to 475 bar-
rel per day semi-commercial shale oil facility in Utah. Background on the 
project and the proposed retorting technology is given on page 2-4. 

CERCHAR Studies Electrical In Situ Recovery Methods for Oil Shale 

CERCHAR and Electricite de France are studying electrical and radio-frequency 
methods for the in situ pyrolysis of oil shale (page 2-5). 

DOE Issues Solicitation for Water-Jet-Assisted Oil Shale Mining 

The United States Department of Energy has issued a solicitation for a cost-
shared program to develop and field test a water-jet-assisted mechanical miner 
for oil shale. Details on page 2-6. 

Oil Shale Action Committee Promotes Test Center Concept 

The Oil Shale Action Committee has put together a proposed program to study 
the creation of a "generic" oil shale test facility In the Western United States. 
A summary of the committee's position paper is given on page 2-7. 

Hyckoperoxides May be Problem in Shale Jet Fuel 

Work at the Naval Research Laboratory has revealed a potential problem with 
oil-shale-derived military jet fuels. Extensive hydrotreating apparently removes 
sulfur compounds which otherwise serve as natural oxidation inhibitors. In the 
absence of these compounds, hydroperoxides have been found to attack fuel sys-
tem elastomers (page 2-9). 

Occidental Patents New Approach to Shale Oil Upgrading 

An extraction process patented by Occidental Oil Shale offers the promise of 
producing some shale oil with a low enough nitrogen content to be suitable for 
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conventional refinery operations. According to the patent (page 2-13), some of 
the remaining fractions may need only mild hydrotreating. 

LLNL Runs Eastern Oil Shale in Cascading Bed Retort System 

Lawrence Livermore National Laboratory's cascading bed retorting system has 
been tested with eastern oil shale. A brief summary of results is given on 
page 2-16. 

Beneficiation/Hydroretorting Gives High Yields From Low Grade Shales 

The Mineral Resources Institute of the University of Alabama and HYCRUDE 
Corporation are carrying out tests involving the beneficiation of low grade oil 
shales followed by hydroretorting. Some results from the first year of their 
three-year program are presented on page 2-19. 

KECL Flint No Direct Influence of Steam on Retort Yield 

The question of whether steam aids the oil shale retorting process has been un-
clear in the past. New work by the Kentucky Energy Cabinet Laboratory seems 
to provide an answer in the negative. See page 2-22. 

Supercritical Extraction of Deminerallzed Turkish Oil Shale Tested 

Solvent	 extraction of	 demineralized Turkish	 oil shale	 with supercritical toluene 
appears to give a lower percentage yield than does supercritical extraction	 of 
the	 original	 shale. Some possible explanations for this anomalous	 result	 are 
presented on page 2-27.

Development Plan for Oil Shale in Israel Outlined 

PAMA (Energy Resources Development) Ltd. is pursuing a two-pronged approach 
to oil shale development. Both retorting and direct combustion of oil shale are 
being studied. A summary of the program appears on page 2-29. 

JOSECO Retort System Starts Up 

Japan Oil Shale Engineering Company has started up its 300 ton per day oil 
shale pilot plant. The first shale tested is from the Condor project in Australia 
(see page 2-32). 

Self-Vegetation of Retorted Oil Shale Demonstrated by Native Plants 

The long history of observation of the retorted shale piles at the Anvil Points 
test facility in Colorado has made it possible to demonstrate native plants grow-
ing on unreclai med retorted shale piles. This observation, reported on page 2-33, 
could possibly lead to lower reclamation costs for spent shale piles. 

Bin Introduced to Block Further Issuance of Oil Shale Mineral Patents 

A bill has been introduced into the United States House of Representatives which 

A-4 



would block the further issuance of patents for oil shale lands based on pre-1920 
claims. See page 2-38. 

Ute Reservation Rifling Develops Widening Impact 

The Ute Indian Tribe has been awarded jurisdiction over tribal members living in 
a wide area of oil-shale-rich eastern Utah. Tribe members are now exempted 
from paying sales taxes, and suits are under consideration challenging the state's 
collection of oil and gas royalties in the area (page 2-38). 

Kaycee Oil Mine Reaches 250 Barrels Per Day 

The North Tisdale mining assisted gravity drainage project in Wyoming which is 
operated by Kaycee Oil Company had reached a production level of 250 barrels 
per day by the first of the year. Output is expected to be up to 750 barrels 
per day by the end of the year. Details of the project on page 3-1. 

UTP Project Drills Horizontal Wells 

The Underground Test Facility constructed by the Alberta OH Sands Technology 
and Research Authority has drilled three pairs of long horizontal wells from un-
derground tunnels. Steam injection into the upper wells was scheduled to begin 
in May (page 3-3). 

Suncor Production Up, Earnings Down 

Suncor Inc. recorded its best-ever production year in 1.986 with average daily 
production of 55,015 barrels. Due to the oil price drop, however, net income 
declined to near break-even. The company's annual report is abstracted on 
page 3-7. 

Exxon Reports Increased Production at Cold Lake 

Exxon Corporation's subsidiary, Imperial Oil, completed the fifth and sixth stages 
of its Cold Lake Project. Production has reached 73,000 barrels of bitumen a 
day (page 3-15). 

Long-Term Outlook for Extra Heavy Oil and Natural Bitumen Termed Favorable 

New and improved technology holds real promise for reducing the production 
costs of extra heavy oil and natural bitumen says C. Willmon of Esso Resources 
Canada. His position is presented on page 3-17. The extra heavy oils of 
Venezuela appear to be competitive now. 

Cost of High Density Jet Fuel From Tar Sand Determined 

Ashland Petroleum Company has estimated the economics of producing a naph-
thenic high-density jet fuel from tar sands syncrude. Their results (page 3-19) 
show that reducing the JP-8 hydrogen specification could drastically cut produc-
tion costs while meeting key performance specifications. 
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Syncrude Makes Economic Progress in Mining Oil Sands 

Syncrude Canada Limited has made significant progress in reducing the cost of 
mining oil sands. According to the article on page 3-21, Syncrude's total operat-
ing cost has been cut from $19 per barrel in 1979 to less than $12 per barrel in 
1986, and further gains are thought possible. 

Carbon Dioxide Increases Bitumen Recovery Efficiency in Hot Water Process 

The use of carbon dioxide instead of air In the middlings flotation circuit has 
been demonstrated in the laboratory to give a three percent increase in bitumen 
recovery efficiency. See page 3-24. 

11-OR Process Tested on Cold Lake Bitumen 

Hydrocarbon Research's H-Oil process has been tested on bitumen from Cold 
Lake, Alberta. Better than 90 percent conversion to distillable oils was obtained 
in a 30 barrel per day pilot plant (page 3-27). 

Exxon Patent Fractures Tar Sands With Liquid Carbon Dioxide 

A recent patent assigned to Exxon Production Research Company teaches that 
liquid carbon dioxide may be used to fracture a tar sands reservoir. This Is said 
to increase the production obtainable by huff-and-puff steam stimulation. See 
page 3-28. 

New Tech Oil Patents Mining Assisted Recovery Method 

New Tech Oil has received a patent for a mining assisted oil recovery process. 
As described on page 3-30, the system allows for the circulation of an enhanced 
recovery fluid through the reservoir to wash out immobile oil. 

USGS Estimates Recoverable Heavy Oil and Bitumen Resources for the World 

Updated estimates for world resources of fluid fossil fuel hydrocarbons have been 
made by the United States Geological Survey. Their results, summarized on page 
3-41, show 436 billion barrels of recoverable bitumen and 605 billion barrels of 
heavy oil. 

FERC Applications Include Coal Gasification Projects 

A large number of companies have been filing applications with the Federal 
Energy Regulatory Commission to build small power production or cogeneration 
facilities which involve the construction of coal gasification plants. Some recent 
applications are listed on page 4-1. 

Great Plpinq Reduces Projected Operating and Capital Costs 

Great Plains Coal Gasification Project reports that it has made significant 
progress in reducing operating costs. According to the article on page 4-1, cur-
rent operating costs are about $3.25 per MCF, compared to a selling price of 
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$3.50 for the product gas. Great Plains believes that even further improvements 
are possible. 

SASOL Reports Profit Despite Sharp Drop In Prices 

Although the prices for Sasol's main products dropped by 40 percent in 1986, the 
company still achieved a profit of R289 million. The production at all three 
Sasol plants was consistently in line with expectations (page 4-5). 

DOE Announces Awards to Small Businesses for Coal Conversion on Utilization 

The United States Department of Energy awarded Small Business Innovation Re-
search grants to 133 small businesses. Seven of these grants (listed on page 4-6) 
were in the area of coal conversion and utilization. 

DOE Picks Firms for MilD Development 

The United States Department of Energy has initiated steps to carry out a 
government-industry plan to develop a magnet ohydrodyna mic power generating 
system. Five firms have been selected to receive some $10 million In federal 
funds over the next four years (page 4-6). 

Wyoming Allocates $30 Mi llion for Coal Projects 

The Wyoming legislature has appropriated $30 million for loans to clean-coal and 
coal-enhancement projects. An expected beneficiary is the proposed Carbon 
Fuels char/oil plant (page 4-8). 

Estimated Cost of Liquid Fuels From Coal Dropped by 60 Percent at Wilsonville 

Continued technical progress with the Integrated Two-Stage Liquefaction process 
at Wilsonville, Alabama has resulted in significant decreases in the estimated 
cost of synthetic liquids from coal. Amoco recently hired Bechtel to update the 
capital and operating cost estimates. As reported on page 4-10 the estimated 
cost of synthetic liquids has been reduced from $93 per barrel to $35 per barrel. 

Amoco Patents Combined UCO and Surface Coal Conversion Process 

This patent covers the use of gases generated by underground coal gasification 
for the surface conversion of mined coal. A condensed summary of the patent 
is given on page 4-19. 

RUHR 100 Process Demonstrates Advantages of High-Pressure Coal Gasification 

A summary of results obtained with the Ruhr 100 coal gasification pilot plant, 
which operated between 1983 and 1985, shows a cost advantage of about 
13 percent in going from an operating pressure of 30 atmospheres to an operat-
ing pressure of 100 atmospheres. Other advantages are discussed on page 4-19. 
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Alternate Routes Compared for High-Density Fuels From Coal 

High-density jet fuel is receiving much attention. Coal syncrudes could be a 
preferred starting point for such materials because of the high aromatic content. 
The article on page 4-25 summarizes the different routes by which high-density 
fuels could be derived. 

High-Density Jet Fuels Math From ITSL and CTSL Coal Syncrudes 

Work carried out at Chevron on hydrotreating coal-derived syncrudes shows that 
liquids derived from the Integrated Two-Stage Liquefaction Process could be 
especially suitable for producing high-density jet fuels. As reported on page 4-
28, Chevron found that it was possible to produce a highly naphthenic jet fuel 
with a high BTU per gallon rating. 

USSR to Resume  Underground Coal Gasification Operations 

The U.S.S.R. has reopened the underground coal gasification project at Angren, 
Uzbekistan, which had been shut down in the 1970's. The Soviet news agency 
says that new cost data show the project to be economical under current condi-
tions (page 4-31). 

Nynaeshamn Project Suffers Another Setback 

The Stockholm Municipal Energy Department has canceled plans to purchase hot 
water for its district heating system from the proposed Nynaes Energy Chemicals 
Complex. This setback for the complex follows the earlier withdrawal of one of 
the project sponsors (page 4-32). 

RUhIICOhIe Joins British Coal's Point of Ayr Liquefaction Project 

Ruhrkohle, of Essen, Germany has agreed to become a part sponsor of British 
Coal's solvent extraction pilot plant under construction at Point of Ayr, North 
Wales. A brief description of the project is given on page 4-32. 

Montana Cuts Nation's Highest Coal Severance Tax 

Facing the evidence of stagnant coal production in Montana and a steadily 
declining market share for the last 10 years, Montana has acted to reduce its 30 
percent severance tax on coal to 15 percent. Discussion on page 4-35. 

DOl and Environmental Groups Reach Agreement on Preference Right Lease Ap-
plications 

The United States Department of the Interior and five national environmental or-
ganizations have negotiated an agreement concerning the handling of the 111 still 
outstanding coal preference right lease applications. The background of the dis-
pute and the details of the settlement are summarized on page 4-37. 
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PROJECT ACTIVITIES 

NEW ZEALAND SYNTHETIC FUELS FINISHES ONE 
YEAR OF COMMERCIAL OPERATION 

The New Zealand Synthetic Fuels Corporation Limited 
(Synfuel) was registered In September 1980 and 
operates a natural gas-to-gasoline plant in Taranaki on 
the west coast of New Zealand's North Island. The 
plant takes natural gas from the offshore Maui field 
and produces synthetic gasoline for blending at the 
Marsden Point refinery at Whangarei. 

The Corporation is owned 75 percent by the New 
Zealand government and 25 percent by Mobil 
Petroleum Company Inc. It is the first plant in the 
world to convert natural gas to gasoline using Mobil's 
fixed-bed catalyst system. Construction started In 
early 1982. The first gasoline was produced on Oc-
tober 17, 1985, and commercial production began on 
April 6, 1986. 

In its 1986 Annual Report, Synfuei reports that some 
448 thousand tonnes of gasoline were produced from 
April 6 until December 31, 1986. This production was 
within two percent of plan and all gasoline met 
required specifications. The gasoline produced by 
Synfuel was equal to 34.8 percent of New Zealand's 
total demand for the year. 

The Mobil ZSM-5 catalyst performance in the 
methanol-to-gasoline plant has shown very close con-
formity between the actual plant data and both the 
pilot and bench scale model work. Product yields, 
product qualities and catalyst aging rates are almost 
exactly as anticipated. In the methanol to gasoline 
process carbon (coke) builds up In the catalyst requir-
ing regeneration to burn off these deposits. A num-
ber of regenerations have been completed in all reac-
tors and both coke content and coke composition con-
firm pilot plant results. 

To complete the construction, startup and commission-
ing phase, the year saw a determined effort to turn 
the complex over to a total New Zealand operation. 
As a result, personnel from Mobil were gradually 
repatriated so that by year end only six Mobil 
employees remained. 

The first repayment of loan principal was made In 
October to Nlssho twat Corporation under the 
Japanese export credit finance agreement. This was 
the first of 17 semi-annual installments. The first 
repayment to Citicorp International Group under the 
main credit facility was made on December 31, 1986. 
This was the first of 10 annual installments. 

The capital cost of the Synfuel complex remains as 
forecast at US$ 1 ,218 million - almost 20 percent 
below the original budget of 1,475 million. 

A $5.9 million capital budget for 1987 was approved 
in October. Major items of expenditure Include the 
installation of a separate fuel gas system and the In-
stallation of hydrogen recycle facilities for the two 
methanol plants. Synfuel's housing disposal program

continued through the year with the marketing of 
housing which had been acquired for construction and 
startup personnel. A total of 268 houses were sold 
during the year leaving 59 properties owned by the 
Synfuei housing corporation. 

The construction, commissioning and start-up phase of 
the project came to an end on April 6, 1986 when 
under the provisions of the Gas to Gasoline Processing 
Agreement, Commercial Production was achieved and 
the company commenced receiving processing fee 
revenue from the Crown for processing gas into 
gasoline. 

The company achieved an average yield for the period 
of 10.97 tonnes of gasoline per terajoule of gas. 
Towards the end of 1986 higher yields were achieved 
as the MTG catalyst reached its optimum operating 
condition and the plant performance was maximized. 

Financial statements for the year report a net profit 
of NZ$137 million based on estimated processing fee 
revenues.
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CORPORATIONS 

- Effect of Pressure on Carbon'Dioxide Induced 
Coal Swelling 

- Use of X-ray Computed Tomography to Ex-
amine Microbial Desulfurizatlon of Lump Coal 

- Microbial Conversion of Low-Rank Coal: 
Characterization of Biodegraded Product 

- Modification of Coal by Subcritical Steam: 
Pyrolysis and Extraction Yields 

- Influence of Solvent-Free Catalytic Hydrogemrn-



tion on the Thermoplastic Behavior of Coals 

- Thermodynamics of Molecular Interactions in 
Model Coal Liquids. Values for the Interac-
tions among m-Cresol, Quinoline, and Aniline 
in Decane at 25°C 

- Relationship Between Refractive Indices and 
Other Properties of Coal Hydrogenation Distil-
lates 

- Electron Microscope Investigation of the 
Structures of Annealed Carbons 

- One- and Two-Dimensional NMR Methods for 
Elucidating Structural Characteristics of 
Aromatic Fractions from Petroleum and Syn-
thetic Fuels 

- Molecular Characterization of the Pyrolysis of 
Siomass. Fundamentals 

- Kinetics of Volatile Product Evolution in Con! 
Pyrolysis; Experiment and Theory 

- Analysis of Chemical Reaction Kinetics Using 
a Distribution of Activation Energies and 
Simpler Models 

- Effect of Low-Temperature Oxidation on 
Time-Resolved Pyrolysis Mass Spectra of 
Hiawatha Coal 

- Molecular	 Mobility	 During	 Pyrolysis	 of
• Australian Bituminous Coals 

- Evaluation of the Reliability of Solid 
NMR Spectroscopy for the	 Quantitative
Analysis of Coals 

- Transport of Penetrants in the il acre molecular 
Structure of Coals. A mine Transport 
Mechanisms 

- New Chemical Structural Features of Coal. 
Reactions of Components of a Texas Lignite 

- H ydrogen-Transfer-Promoted Bond Scission In-
itiated by Coal Fragments 

AMERICAN CHEMICAL SOCIETY LAUNCHES NEW 
ENERGY AND FUELS JOURNAL 

The American Chemical Society in January, 1987 in-
augurated a new bimonthly publication titled Energy & 
Fuels. A look at the table of contents for the first 
two Issues suggests that this may become an impor-
tant forum for advances in the chemistry of synthetic 
fuels. 

The synfuels related articles are, of course, most 
heavily concerned with coal. A total of 40 articles 
appeared in the first two issues. Of these, two could 
be related to shale oil, two to heavy oil, one to coal 
gasification, sixteen to coal pyrolysis or liquefaction, 
three to other synthetic fuel subjects, and sixteen to 
non-synfuel (mostly coal) topics. If this proportion of 
Interest holds in the future, Energy & Fuels will have 
the strongest synthetic fuels emphasis of any general 
scientific journal. 

A listing of the table of contents for the first two 
issues is given below: 

- Composition of Heavy Petroleums. Molecular 
Weight, Hydrogen Deficiency, and Heteroatom 
Concentration as a Function of Atmospheric 
Equivalent Boiling Point tip to 1,400°F 

Fuels for the Future: Remote Gas Conversion 

- Master Equations for Calculating llcterolysis 
Energies in Solution 

- Morphology of Retorted Oil Shale Particles 

- Transalkylation	 of	 Poiycyclic	 Aromatics 
Catalyzed by Trifluoromethancsulfonic Acid 

- iron-Catalyzed Gasification of Brown Coal at 
Low Temperatures 

- Characterization of the Binding Sites of 
Vanadium Compounds in Heavy Crude 
Petroleum Extracts by Electron Paramagnetic 
Resonance Spectroscopy 

- Mobilities of Hydrogen in Solvent-Swollen 
Coals. A Study by Pulsed NMR 

- Structural Variations and Evidence of Segmen-
tal Motion in the Aliphatic Region in Coals 
Observed with DlpolarDephasing NMR 

- M acro molecular Structure of Coals. Molecular
Structure and Glass Transition Temperature 

- Investigation of Organic Sulfur-Containing 
Structures in Coal by Flash Pyrolysis Experi-
ments; 

- Pyrolysis of 0-Methylated Illinois No. 6 Coal. 
Reaction Pathways
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- Effects of Water and Hydrogen Partial Pres-
sures During Direct Liquefaction in Catalyzed 
Systems with a Low Solvent-to-Coal Ratio 

- Effects of Poisoning a Fused Magnetite 
Fischer-Tropsch Catalyst with Diben-
zothiophene 

- Multicomponent Physical Equilibrium of Liquid 
Phase Methanol Synthesis 

- Pore Diffusional Limitations in the Liquid-
Phase Methanol Synthesis Process 

- Characterization of Extractable Organosulfur 
Constituents from levier Seam Coal 

Solvent Swelling of Liquefaction Residues 

- Evaluation of Nondonor Polyaromatic Solvents 
for Dissolution of Coal 

- Solid 13 C NMR Tracer Studies to Probe 
C oalification 

Hydrogen Bonds from a Subbituminous Coal to 
Sorbed Solvents. An Infrared Study 

BATTELLE FORECASTS RISE IN R&D 
EXPENDITURES DURING 1987 

Battelle Memorial Institutes Columbus Division 
prepares a yearly summary and forecast of research 
and development (R&D) expenditures in the United 
States by both business and government. For 1987, a 
real	 (adjusted	 for	 inflation)	 growth	 rate	 of 
4.33 percent is expected, slightly higher than the 
10-year average rate of 4.26 percent (Figure IL 

Although the overall expenditure trend continues up-
ward, sizeable shifts are expected to occur. Almost 
all of the growth will come from industrial, not 
government R&D. Within the government sector, the 
share allocated to defense will be up significantly, 
going from 65 percent in 1986 to 69.7 percent in 
1987, while the Department of Energy's share drops 
from 9.5 percent to 7.6 percent. 

Industrial sectors which are expected to spend more 
than one billion dollars on R&D include: 

- Aerospace: $23.6b, 7516 federal 

- Electrical Machinery: $21.4b, 3596 federal 

- Chemical: $10.8b, 97% industry 

- Machinery: $10.1b, 90% industry 

- Transportation Equipment: $8.7b, 81% in- 
dustry

- Instruments: $6.1b, 88% industry 

- Petroleum Products: $2.4b, almost entirely 
industry 

- Rubber Products: $1.21), 86% industry 

- Food and Beverage: $1.0b, entirely industry 

FIGURE 1 
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FOSTER WHEELER CORPORATION OBSERVED 
INDUSTRY DOWNTURN IN 1986 

Foster Wheeler Corporation's 1986 Annual Report ob-
serves that worldwide capital expenditures in the 
process plants industry declined 13 percent in 1986, 
and were 43 percent of the peak level reached In 
1981. In the United States the decline for the year 
was 60 percent. These capital expenditures, which 
are influenced substantially by crude oil prices, are 
not expected to rise dramatically in the near term. 
Despite this poor economic climate, Foster Wheeler's 
Ehgineering and Construction Group was quite success-
ful during the year. 

Foster Wheeler USA's main activity during the year 
was in support of the building of municipal solid 
waste and cogeneration plants. In addition, Foster 
Wheeler USA was awarded two major contracts 
employing supercritical extraction. 

Foster Wheeler USA and Canadian joint venture com-
pany, SNC/FW Limited, were awarded contracts from 
Husky Oil Operations Limited for the pre -construction
engineering of a 70 million cubic foot per day 
hydrogen plant and an 8,500 barrel per day delayed 
coking unit at Husky's planned Si-Provincial Upgrader 
Facility near Lloydminster, Saskatchewan. The United 
States Department of Energy renewed its contract 
with Foster Wheeler USA for engineering support serv-
ices to the joint Department of Energy/Gas Research 
Institute coal gasification project. 

No new utility central station units were sold in the 
United States during 1986, and although the electric 
pdwer industry has not yet made significant commit-
ments for new generation, Foster Wheeler believes 
that the United States will require more power in the 
early 1990's. 

Accordingly, the Energy Equipment Group has focused 
its resources on serving the utility aftermarket and 
the industrial market, particularly as it relates to 
fluidized bed boilers, municipal solid waste and 
cogeneration. 

Foster Wheeler Energy Corporation received a major 
contract to supply a circulating fluidized bed boiler to 
Fort Howard Paper Company for their Savannah, 
Georgia facility. It will generate 320,000 pounds of 
steam per hour for mill processes. 

To maintain Foster Wheeler's strong position in the 
field of fluidized bed combustion, a $1.8 million hot 
test facility has been installed at the company's re-
search headquarters In Livingston, Now Jersey. This 
wiu assist designers to establish parameters required 
for the combustion of difficult fuels in an environ-
mentally acceptable mariner, 

Foster Wheeler Energy will also provide a circulating 
fluidized bed unit for a 50 megawatt cogeneration 
plant to be owned and operated by Foster Wheeler 
Mount Carmel in Pennsylvania; This unit will fire 
anthracite culm.

Other activity in the maintenance engineering after-
market included a $7.4 million upgrade for Suncor by 
Foster WheelerLtd. (Canada) in Alberta. The coar 
pony will also supply the first circulating fluidized 
bed boiler in the United Kingdom to ICI industries. 

Other units placed into service during the year in-
cluded a 125 megawatt fluidized bed steam generator 
at the Slack Dog Station of Northern States Power. 
This Is the first utility-sized fluidized bed boiler to 
go into operation in the United States. 

During the year, Foster Wheeler Development Cor-
poration received a contract from the United States 
Department of Energy to head an industry team in 
the development of an advanced non-polluting coal-
based power system. This technology employs a 
second generation pressurized fluidized bed combined 
cycle system. 

AMOCO NOTES UPGRADING TECHNOLOGY 
DEVELOPMENT 

Amoco Corporation's 1986 Annual Report notes that 
its scientists are finding new ways to increase yields 
of light products such as gasoline and heating oil 
from heavy crude oils and alternative resources in-
cluding coal, tar sands, oil shale, and natural gas. 
For example, the Resid ilydrotreating Unit at Amoco's 
Texas City refinery can, with improved catalysts and 
operating procedures, convert nearly all of a barrel of 
heavy crude to gasolines and distillates. This new 
technology can also convert future syncrudes to 
gasolines and distillates. Additional products will be 
available from the processes Amoco is developing to 
convert refinery fuel gases and remote natural gas 
into liquids.	 Amoco's large supplies of these gases 
can be converted into liquid fuels. 

#0* 
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GOVERNMENT 

FUEL USE ACT REPEALED 

Another pillar of the late 1970's movement toward al-
ternate energy security fell by the wayside In May, 
with the repeal of the Powerplant and Industrial Fuel 
Use Act of 1978. The law prohibited large energy 
users from burning oil or natural gas in new boilers. 
Although the Department of Energy effectively Ig-
nored the law by granting exemptions for industrial 
users whenever requested, It was still on the books 
and did prohibit electric utilities from building large 
new oil and gas fired power plants. 

The key to winning passage for the repeal act was a 
compromise on the definition of "coal capability". 
The new law still requires that new base load power 
plants (those used more than 3,500 hours per year) be 
capable of being converted to coal or coal gas at a 
later date. The compromise amendment deleted 
original language which stated that coal capability had 
to be proved by having adequate land space available 
for coal piles, gasifiers, coal handling equipment, etc. 
Supposedly, the compromise was accepted because It 
would be feasible to build coal gasifiers Some distance 
away from the power plant and pipe the gas to the 
plant. 

The amendment requires only that new plants have 
"Sufficient inherent design characteristics which will 
permit the addition of equipment (including all neces-
sary pollution devices) necessary to render such 
electric powerplant capable of using coal as its 
primary energy source". 

The provision does not require that plants be able to 
use coal as soon as they are constructed, but be 
capable of being converted to coal use. Key ele-
ments of the power plant design permitting conversion 
to coal are boilers large enough to be converted to 
coal, adequate space between boilers and the smoke-
stacks for pollution control equipment, and turbine 
blades that can handle synthetic gas. 

#4fl 

DOE CONTINUES TO WORK ON COOPERATIVE 
VENTURES CONCEPT 

The United States Department of Energy (DOE) hopes 
to persuade the Congress to allocate $7 million in 
fiscal year 1988 for cooperative research and 
development ventures in fossil energy. After a 
successful kick-off meeting in Denver last December 
(Pace Synthetic Fuels Report, December, 1986, page 
1-3), the department then scheduled further public 
meetings in San Francisco, Chicago, and Charleston, 
West Virginia. At the meetings, DOE solicited input 
from the public as to how such cooperative ventures 
should be structured if they are to be successful. 

In DOE's current view, the program Is seen as one in 
which the non-federal participants define and manage

the activity and provide a majority of the funds. The 
government would join the other participants as a 
business partner and colnvestor. As such, It would 
participate along with other investors in providing 
broad guidance and in making major decisions, but 
would not seek to manage details of day-to-day af-
fairs. 

The basic themes of the concept, as adopted by DOE, 
are the following: 

- A primary objective Is the advancement of 
United States technology In light of growing 
world trade and international competition. 

- In the future, as in the past, the United 
States must rely on the creativity of Its 
private sector and the economic discipline of 
the free market system. 

- An inherent feature of this concept Is a 
federal commitment to streamline the business 
practices between the government and the 
private sector. 

The government seeks to support research and 
development (R&D) activities which, upon success, will 
lead directly to the generation of economic benefits 
for the participants and the nation. As a coinvestor,. 
the government expects to share in those benefits 
upon successful application of the R&D  results. 

In this sense, one of the program's aims Is to 
leverage supplementary R&D activities with federal 
funds, not to substitute one means of support for 
another In the mainline federal R&D program. 

At the San Francisco meeting, formal statements 
were delivered by the Electric Power Research In-
stitute (EPRI) and the Gas Research Institute (GRI). 
Both organizations endorsed the concept as an excel-
lent potential mechanism for government /industry 
cooperation. EPRI identified candidate technology 
areas as: 

- Scale-up of Once-Through Methanol Process 

- Demonstration of 3-4 units of an 11 megawatt 
phosophoric acid fuel cell 

- Demonstration of advanced flue gas cleanup 
technologies 

- Durability testing of advanced combustion tur-
bines 

- Low-cost fines agglomeration techniques 

- Low-rank coal upgrading processes 

- Development of advanced pressurized fluid bed 
concepts 
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- Accelerated development of molten carbonate 
fuel cells and an integrated open cycle MED 
facility 

- Biological processing of con! 

C RI identified the venture concept as particularly at-
tractive for projects just beyond the proof of concept 
stage at which the mainline DOE R&D program nor-
mally ends. CR1 stressed need to resolve impedi-
ments to obtaining congressional support for the 
program. These are associated with problems of 
reaching consensus between the Administration and 
Congress on the appropriate dollar level and content 
of the mainline R&D program. Cooperative R&D 
ventures must be seen as complementary to and not 
in competition with such program activities. 

CR1 also recommended that DOE select two or more 
specific technology areas for cooperative R&D ven- - 
tures as part of the fiscal year 1988 budget cycle, 
and as a means for getting the new concept estab 
Ushcd and a program under way. 

Candidate technology areas were identified by CR! as: 

- Enhanced gas recovery 
- Heat pumps 
- Underground coal gasification 

# # # # 

DOE ENERGY SECURITY REPORT PLEASES FEW 

The "Energy Security" reporf requested of the United 
States Department of Energy by President Reagan 
found few admirers after its release in late March, 
The report does, however, warn that the United 
States should be concerned about shrinkage of the 
domestic oil and gas industry and increasing reliance 
on imported oil. 

Energy Secretary John Herrington said the study 
shows the need for initiatives "to strengthen the 
United States oil and gas industry and to reduce our 
growing dependence on insecure imported oil". 

The study analyzes the effect of imports on domestic 
crude, natural gas, and other energy sources and the 
costs versus benefits of various policies proposed to 
help the domestic oil industry or increase energy 
security. 

It strongly criticizes one of the most widely proposed 
options - an oil import fee. 

Although the study itself does not make policy 
recommendations, Herrington, in a letter to President 
Reagan, urged the administration to consider several 
tax changes - including restoration of a 27.5% per-
centage depletion allowance for all producers. 

The report projects United States oil imports could 
rise from the average for 1906 of 5.3 million barrels 
per day, or 33 percent of United States oil consuinp-

tion, to between eight and 10 rnlUion barrels per day 
and 50 percent of total United States petroleum con-
sumption by the 1990's (Figure 1). 

FIGURE 1 
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The projections are based on two different price 
scenarios, a low-price trend and a high-price trend. 
Results for the two scenarios are given in Table 1. 

TABLE 1

U.S. OIL IMPORT SCENARIOS 

1990 1995 
High Low High Lay 
Price Price Price Price 

Oil Price 
(1985$/bbl) $22.51 $15.49 $27.51 $21.51 

Consumption 
(rTIBPD) 15.7 16.7 16.4 17.7 

Production 
(M.IBPD) 10.1 9.2 8.9 7.6 

Net Inports 5.6 7.5 7.5 10.1 

Percent Imports 36% 45% 46% 57156
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In addition to the concern over rising Imports from 
any source, the report observes that as the United 
States and other countries import more oil between 
now and 1995, production Is virtually sure to rise in 
OPEC - and in particular around the Persian Gulf. 
This is because almost 100 percent of the world's cur-
rent excess production capacity is in OPEC countries; 
and nearly 70 percent is In the Persian Gulf states of 
Saudi Arabia, Iran, Iraq, Kuwait, and the United Arab 
Emirates alone. This dependence can be expected to 
extend into the longer term as well, because about 
three-fourths of the world's currently known oil 
reserves are in OPEC countries, and about two-thirds 
of the world's reserves are in countries surrounding 
the Persian Gull. 

The OPEC share of free-world oil production rose 
from 50 percent in 1960 to more than 60 percent in 
the 1970's before falling below 40 percent In 1985. 
OPEC's production share is projected to increase again 
by 1995, although it might range anywhere from 45 to 
60 percent by that time (Figure 2). 

FIGURE 2 
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The Persian Gulf's production share has followed a 
similar pattern, growing from 30 percent in 1960 to 
more than 45 percent in 1976 before falling to 
23 percent in 1985. Its share of world production in 
1995 is projected to be between about 30. and 
45 percent - depending on the various assumptions 
that characterize the higher price and lower price 
cases, respectively (Figure 2).

The Persian Gull region Is strategically sensitive be-
cause of its location and its vast oil reserves. The 
area is potentially vulnerable to external threats, and 
it also is subject to the turmoil of internal conflicts. 
Recent Middle Eastern history shows that oil supplies 
from there can be interrupted. 

In discussing possible options to Improve future energy 
security, the report virtually ignores any potential 
contribution from synthetic fuels by referring to them 
as uneconomic. It instead concentrates on tax and 
financial preferences for the conventional oil and gas 
industry. 

The study harshly criticizes the concept of an import 
fee. The analysis examines the effects of $5 per 
barrel and $10 per barrel Import fees. It estimates a 
$10 fee would increase domestic production by 
500,000 barrels per day by 1995 and would prompt 
1 million barrels per day in conservation, lowering 
imports by 1.5 million barrels per day overall. About 
120,000 oil industry jobs would be created, but the 
study says the resulting higher energy prices would 
reduce economic growth, Increase inflation, and hurt 
United States competitiveness in domestic and foreign 
markets. 

"A $10 fee would have a major economic impact, 
reducing United States gross national product by about 
$30-45 billion per year and causing a one time infla 
tional effect of two or three percentage points. The 
cumulative costs of a $10 fee over the next decade 
would reach $200 billion (net present value In 1985 
dollars)". 

It says Congress would likely exempt crude from some 
friendly countries and perhaps exempt users of par-
ticular products. And it says a fee would discourage 
production from secure foreign sources by lowering 
world oil prices, thus discouraging expansion of 
production outside the Middle East. 

The study finds similar disadvantages with a variable 
fee, which would take effect only if world prices fell 
below a designated level. 

The problem with the report was well summarized by 
Michael Koleda, president of the Council on Alternate 
Fuels, who suggests that the report's authors got en-
tangled In analyzing an assistance policy for the 
domestic oil exploration and service Industry when the 
assignment was energy security policy for the nation 
as a whole. According to Koleda, cheap oil is not 
the culprit. The real threat is that by becoming 
heavily dependent on OPEC oil and without options, 
the United States becomes ripe for price gouging. 
This is the chronic security threat. The obvious 
defense is the time-honored one of having an alterna-
tive. The most vulnerable area is liquid transporta-
tion fuels. Therefore, says Koleda, "national energy 
security policy studies that do not put the search for 
alternative transportation fuels front and center flunk 
the course". 

Congress overreacted by abolishing the United States 
alternate fuels effort, when a scaled-back, re-targeted 
and well-managed program is coming to be seen as 
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what should have been done. Congress needs to 
rekindle the effort to demonstrate lower cost alterna-
tive fuels. Not with the purpose of replacing cheap 
Imported oil with alternatives, but by lowering the 
cost of alternatives to assure cheap oil. It is unfor-
tunate that the Energy Security' report foils to 
address the real issue.

#4tH
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ENERGY POLICY AND FORECASTS 

SHELL DESCRIBES STATUS OF SYNTHETIC FUELS 

The Royal Dutch/Shell Group issues a periodic report 
called the Shell Briefing Service. The number two 
Issue for 1987 presents Shell's assessment of synthetic 
fuels. Shell notes that over 90 percent of the world's 
energy demands are currently met by non-renewable 
resources of which oil contributes about half. Oil 
price rises in the 1970's focused attention on the need 
to develop a range of alternatives to what was per-
ceived as a rapidly dwindling energy resource. 

Since then the decline In oil prices and the slow-down 
in the growth of energy demand have affected the 
development of even the most promising candidates. 
Immediate prospects are therefore limited except 
where local factors outweigh the cost disadvantage. 
Nevertheless, Shell says, it is only by pursuing com-
mercial opportunities now and in the near future that 
the valuable experience needed for further develop-
ment will be gained. 

By the early part of the next century the world's 
population is likely to have grown by two billion 
people from around five billion at present. Demand 
for transport fuels in the developing world could al-
most double by the end of the first decade of the 
next century. In addition, urbanization in many 
developing countries is expected to increase the need 
for clean, convenient energy in industry and in the 
home. 

In DECD (Organization for Economic Cooperation and 
Development) countries the long term effects of in-
vestment already node In energy conservation may be 
expected to continue to dampen future energy 
demand, even if the level of energy prices does not 
provide an incentive for further conservation. 

In Shell's opinion, conventional energy resources, 
notably the fossil fuels - oil, coal and gas -- and 
nuclear energy are expected to continue to meet the 
bulk of world energy requirements during the 
remainder of this century and well into the next. 
However, the task of replacing oil resources Is likely 
to become increasingly difficult and expensive and 
there will be a growing need to develop clean, con-
venient alternatives. Initially these will supplement 
and eventually replace valuable oil products, especially 
as transport fuels. 

Many potential energy options are as yet unknown or 
at very early stages of research and development. 
New energy sources take decades to make a major 
global contribution. Shall believes that sustained 
commitment is therefore needed during the remainder 
of this century to ensure that new technologies and 
those currently at a relatively early stage of 
development are available to meet energy needs in 
the next century. 

Strategies to satisfy energy needs in the next century 
are likely to include finding replacements for conven-
tional oil, primarily for transportation. 	 In general,

these are likely to be synthetic liquid fuels derived 
from raw materials such as coal, natural gas, oil 
shale and tar sands. The resource base of these 
materials Is considerably greater than that of conven-
tional oil. 

Coal, natural gas, oil shale and tar sands/heavy oil 
constitute over 90 percent of estimated world ul-
timate recoverable fossil fuel reserves (Figure 1). 
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A number of processes are already available, and 
others are being developed to convert these materials 
into convenient forms to teed consumer needs. 
There are two main process routes. 

The Syncrude Route 

Adding hydrogen to, or removing carbon from, tar 
sands, oil shale or coal to make syncrude is the major 
cost for these materials. 

Tar sands are often extensions of heavy oil deposits. 
Some of the technology used to extract and upgrade 
them can be considered commercially proven. Shell 
Canada's Scotford refinery, which went on-stream in 
1984, was the first refinery capable of processing 
syncrude exclusively from tar sands. 

OH shale major deposits occur In the United States 
and Australia and a number of other countries. A 
number of projects are being considered, mainly in 
the United States and Australia but less than 
10,000 barrels per day are actually produced. 

Coal has a relatively low hydrogen content. Exten-
sive research has been carried out on direct coal 
liquefaction by the addition of hydrogen at high tem-
peratures and pressures. Second-generation processes 
based on this research are being developed. However, 
at present, such projects are only at the demonstra-
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tion phase. Shell says it is unlikely that large scale 
projects will be developed before the next century, 
except for strong strategic reasons.

conversion technologies in the Federal Republic of 
Germany. 

The Syngas Route 

Indirect conversion of coal to synthesis gas (syngas), 
followed by hydrocarbon synthesis, can be a more 
economic route to liquid fuels. Examples are the 
Mobil methanol-to-gasoline process in New Zealand 
and the Shell Middle Distillates Synthesis Process. A 
number of coal gasification/liquefaction plants based 
on well-established technology, for example the 
SASOL plants in South Africa, are already operating. 
Second-generation gasification processes have advanced 
to commercial or large-scale pilot plant stage, for 
example the Shell Coal Gasification Process (8CC?) 
plant in the United States that will come into opera-
tion during 1987. 

Natural gas can also be converted into liquid fuels 
using the syngas route. Biomass can be used to 
produce a range of synthetic fuels, either via conver-
sion into an intermediate liquid or syngas, or directly 
by fermentation into alcohols. 

Hydrogen, one of the components of syngas, also has 
potential as a fuel. 

Interest has been expressed in a "hydrogen economy" 
In which hydrogen is piped directly to 
industrial/domestic users or liquified for transport. 
However, the high cost of producing hydrogen makes 
such developments 'unlikely until well into the next 
century. 

Status of Synfuels 

In 1986, Shell estimates that output of liquid synfuels 
was around 400,000 barrels per day, or less than one 
percent of world oil production. 

Product costs depend on the resource and process 
used and are higher than present oil prices. Local 
circumstances or strategic factors can offset a cost 
disadvantage to some extent but Shell says that 
large-scale synfuel production will be unlikely until oil 
prices are significantly above 1987 levels. Activity 
has shifted to projects that can be developed on a 
small scale, or where modular extensions are possible, 
for example in situ tar sands recovery. 

This situation contrasts sharply with events Im-
mediately after the rise in oil prices in 1979 which 
prompted support for synfuel development, mainly for 
strategic reasons. 

Emphasis in the United States can be expected to 
move towards diversification of synfuel technology 
rather than volume production. One area that 
remains relatively buoyant is coal gasification for 
combined cycle power generation in applications where 
environmental advantages can be demonstrated. 

There is support for synfuel projects in a number of 
other areas including Europe, Canada and Japan. In 
Europe most of the activity is concentrated on coal

Shell's position is that, given the long lead times 
needed for large scale synfuel projects, the immediate 
priority is to ensure that the technology is established 
so that synfuels can make a global contribution to 
supplement and replace conventional fuels as the need 
arises. 

EIA'S ANNUAL ENERGY OUTLOOK ADJUSTS FOR 
OIL PRICE EFFECT 

The Energy Information Administration's (EIA's) year-
end Annual Energy Outlook (AEO) presents the official 
government forecast of energy supply, demand and 
prices. As stated in the administrator's foreword to 
this years' AEO, 1986 was the year that demonstrated 
the fragility of energy forecasting. At the time EIA's 
1985 AEG was being prepared (in late 1985), the sig-
nals were unmistakable: there was a glut of crude oil 
in the world markets, and prices were not likely to 
remain In the $27.00-range. In fact, the 1985 AEO 
had projected in its base case that prices would 
decline by $2.00 per barrel in 1986, and by a like 
amount in the following year; in its low-price ease, 
EIA contemplated a price decline to $21.00 per barrel 
in 1986, followed by a further one-dollar drop in 
1987. However, EIA could not predict the dramatic 
decline of world crude oil prices which actually oc-
curred. As EIA put it last year: "No one can 
responsibly claim to know precisely what will happen 
in energy market over the next ten years". 

Forecast Overview 

Despite the steep decline in energy prices experienced 
in 1986, the long-term trends remain essentially un-
changed from EIA's 1985 view. In this year's base 
case projections, the economy is assumed to maintain 
an average growth of 2.5 percent per year through 
2000 and world oil prices, expressed in 1986 dollars, 
remain below $20 until 1992; thereafter, increasing 
world oil demand begins to absorb the current excess 
of world supply, and oil prices rise at a faster rate, 
reaching $33 by the year 2000. 

Consumption trends in 1986 appear to show that price 
declines do not cause demand to increase as rapidly 
as It declined when energy prices jumped. The an-
ticipated trend of moderately rising oil prices is ex-
pected to produce only modest increases in demand, 
in the range of about 0.6 percent per year. This evi-
dently stems from the technological improvements 
now in the marketplace (most obviously in cars) and 
the structural changes in the United States economy 
that continue to dc-emphasize the role of energy-
intensive industries. 

Petroleum demand, estimated at 16.1 million barrels 
per day for 1986, is projected to rise to 16.5 by 1995 
and 17.4 by the year 2000, in the AEO base case. 
Production levels for crude oil and natural gas liquids, 
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estimated at 10.4 million barrels per day in 1986, fall 
to 7.6 million barrels per day by 1995 and 7.0 by 
2000. Exploration and development costs In the in-
dustry are down sharply and should make possible an 
expansion of drilling from current lows, despite this 
year's lower overall price outlook. As a result, net 
imports estimated at 5.2 million barrels per day in 
1986, rise steadily to just over 8.2 million barrels per 
day by 1995 and 0.8 by the year 2000, increasing 
United States dependence on imports from 32 percent 
in 1986 to 56 percent by the year 2000. 

End-of-year production estimates appear to indicate a 
larger than anticipated fall in oil production due to 
lower prices. From December 1985 to December 
1986, production fell by approximately 700 thousand 
barrels per day. Of this drop, 400 thousand barrels 
per day appear to be due principally to delayed work-
overs and temporary shut-Ins of producing wells. This 
information was received by the EIA too late to in-
corporate into their production forecast, so they only 
state that the numbers in the tables should be 
reduced by 400,000 barrels per day in 1987. Little 
change Is seen for later years, because some portion 
of the production fall for 1987 amounts to production 
delays. 

The Organization of Petroleum Exporting Countries 
(OPEC) significantly strengthened its policy In Decem-
ber 1986 when it adopted fixed oil prices and more 
strict production quotas. As a result, EIA's 1986, 
1987, and 1988 short-term oil price predictions have 
also been revised upwards but still within the range 
of the alternatives considered in the AEO. 

The Annual Energy Outlook (AEO) is presented as a 
long-term forecast of the fundamental trends in the 
data. From this viewpoint, world oil and domestic 
natural gas supplies appear more than sufficient to 
meet demand as the current surplus of domestic gas

production capability and the world surplus of oil 
production capability are gradually absorbed. The 
AEO's projected gas prices start to rise after 1987 
and this, together with the expected rise in oil prices, 
should produce the stable environment that the 
domestic oil and gas industry needs for renewed in-
vestment in exploration and development. 

In addition to the mid-case forecast, the AEO also 
deals with two likely combinations of oil price and 
economic growth leading to a high and low set of oil 
Import projections. 

As shown in Table 1, these alternative assumptions 
lead to a wide range of import levels even by 1990. 
In 1995, Imports are estimated to vary from a low of 
6.4 million barrels per day to a high of 9.6 million 
barrels per day. By the year 2000, this range widens 
to a low of 7.3 million barrels per day and a high of 
11.9 million barrels per day. 

Petroleum Markets 

The market forces that produced the unprecedented 
drop in oil prices in early 1986 include a substantial 
reduction in world demand since 1979, the develop-
ment of 12 million barrels per day of additional crude 
oil production outside of OPEC since 1973 and the 
displacement of 15 million barrels per day of OPEC 
crude in world markets. The resulting excess produc-
tion capacity in OPEC is expected to dominate the 
petroleum market over the next five years. The 
price decline observed in early 1986 could have hap-
pened any time since 1982, when significant excess 
production capacity of eight to nine million barrels 
per day was first apparent inside OPEC (Figure 1). 

The reason for the current excess oil production 
capacity relates to price changes that occurred in the 
1970's. In the United States and the rest of the free 

TABLE 1 

PEflWLPIN SUPPLY, DISIIMW, AND IMPORTS UNDER ALTERNATIVE A5SIMflI4S 

(Million Barrels Per Day,	 Except Where Noted) 

1995 2000 
Low Price! High Prim/ Low Price! High Price! 

Supply, flenbnd High	 Base Low High Base Low 
And Imports 1985 1986 Growth	 Case Growth Growth Case Growth 

World Oil Price 27.70 14.60 21.20	 26.60 33.00 26.80 32.90 41.50 
(1986 dollars per 
barrel) 

Production 
Crude 9.0 8.8 5.6	 6.0 6.8 4.6 5.4 6.9 
Other Liquids 2.2 2.2 2.4	 2.3 2.3 2.3 2.3 2.2 
Total 11.2 11.0 8.0	 8.3 9.1 6.9 7.7 9.1 

Consunptlon 15.6 16.1 17.5	 16.5 15.5 18.7 17.4 16.3 
Net Imports 4.3 5.2 96	 8.2 6.4 11.9 9.8 7.3
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FIGURE 1 
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world, demand for petroleum products began to 
decline following the 1979 price shock. Most of the 
United States demand decrease occurred in residual 
fuel oil used by electric utilities and heavy industry. 
Some of this decrease was the result of switching to 
other fuels but much of the decrease was due to 
other factors, including increased use of nuclear and 
coal-fired generation equipment by electric utilities 
and decreased output from heavy Industries. Many of 
these changes are not likely to reverse quickly at 
current low prices because they require a recovery of 
domestic heavy industry and because of improved 
technologies which are now in place. 

On the supply side, the oil price increases in the 
1970's caused record drilling in the United States and 
worldwide, and steady increases in production from 
non-OPEC sources through 1985. Before oil prices 
can increase again, either demand must significantly 
increase (in response to the now lower price) or 
OPEC must succeed in withholding production. 

In the AEO base ease, oil prices (in constant 1986 
dollars) are expected to remain below $20 per barrel 
until 1992, when they are projected to increase by 
about six percent per year in real terms, reaching 
$33 per barrel in 2000 (Figure 3). However, con-
siderable uncertainty surrounds the projected oil price 
path. In the low oil price case, prices drop to about 
$11 per barrel in 1937 but return to $15 per barrel 
by 1992 and then increase to $27 per barrel by the 
year 2000. Prices as low as $10 per barrel could not 
be sustained very long, and even if prices were to

fall that low in the near term, the market would 
return relatively soon to prices near the base case 
level. In the high oil price case, prices rise to 
$22 per barrel by 1990 and then to nearly $41 per 
barrel in 2000. 

Oft Demand 

Even with oil prices assumed to remain below $20 per 
barrel between now and 1992, oil demand In the 
United States Is expected to grow slowly. Over that 
period, oil demand is projected to increase by about 
300,000 barrels per day, or about 0.3 percent per 
year. Growth is projected to be modest because of 
several factors: 

Past investments in oil-saving equipment that 
will continue to be used, thereby depressing 
demand. One of the largest such investments 
Is in more efficient automobiles that will en-
ter the fleet and increase fleet efficiency 
over the projection period 

- Continued growth in nuclear and cool-fired 
electricity generation capacity over the next 
15 years, which will limit the need for oil-
based generation 

- Competitive natural gas pricing, particularly 
to electric utilities 

After 1992, oil prices are projected to increase 
moderately in the base case, dampening demand 
growth slightly.	 Over the entire projection period, 
demand should	 rise	 moderately	 from	 about
16.1 million barrels per day in 1986 to 17.4 million 
barrels per day in 2000. 	 Most of this growth in 
demand is expected to come from increased use of oil 
by electric utilities (amounting to about 
730,000 barrels per day) late in the projection period, 
as oil-fired generation capacity is needed to meet 
some of the projected growth in electricity demand. 

Crude Oil Reserves and Production 

The impact of lower oil prices on domestic oil 
production through the year 2000 could be very sig-
nificant. In short term, some slight amount of 
production will be lost from the shutting in and aban-
doning of high-cost, low-volume wells. 

The more serious and longer term effect of lower oil 
prices will come from a reduced level of investment 
in exploration and development, which will result in a 
rate of production in excess of the rate of reserve 
replacement. Because current production levels are 
largely determined by the level of total developed 
reserves, the rate of decline in domestic oil produc-
tion will accelerate through 1995 (Figure 2). 

Total domestic crude oil production (including lease 
condensates), which averaged 8.8 million barrels per 
day in 1986, is projected to decline by 1.4 million 
barrels per day In 1990, by 2.8 million barrels per day 
in 1995, and by 3.4 million barrels per day in 2000. 
The percentage decline in Alaskan production Is even 
greater than that for the lower 48 States. 	 Alaskan 
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production, which averaged 1.9 million barrels per day 
In 1986, is projected to be 160,000 barrels per day 
lower by 1990. It will be 640,000 barrels per day 
lower by 1995 and about one million barrels per day 
lower by 2000, unless new reserves are found on the 
Arctic North Slope. 

Except In the event of a successful effort on the part 
of OPEC to restrain production and maintain prices at 
levels significantly above costs, a larger portion of 
world oil supplies should be expected to come from 
the Middle East In the next decade. This return to 
lower cost oil sources has already started. 

In general, however, major changes in the production 
levels of other Important suppliers to the United 
States (Canada, Mexico, the United Kingdom, and 
Venezuela) will appear only gradually, since these 
areas will still experience positive earnings from their 
currently developed fields. Total petroleum produc-
tion in Canada (including crude oil, lease condensates, 
and natural gas liquids) is projected to increase from 
1.5 million barrels per day in 1906 to a high of 
1.7 million barrels per day in 1993, before declining 
again later in the forecast. Production from Western 
Europe is projected to peak at 4.4 million barrels per 
day in 1986, and then decline throughout the forecast 
period. Production from the OPEC group of nations 
is projected to increase throughout the forecast 
period, from 19.2 million barrels per day in 1986 to 
27 million barrels per day by the year 2000.

End-Use Catsumptlai 

Energy conservation, as measured by declining energy 
use per real Gross National Product (GNP) dollar, is 
forecast to continue but at a slower rate than In the 
recent past, as a result of lower energy prices. 
Energy conservation has long been an Important factor 
In determining United States energy consumption 
trends. Over the long haul (1926 to 1966), the pit-
embargo energy use per dollar of GNP has declined 
by about 0.7 percent per year (Figure 3). Between 
1976 and 1985, total energy consumed per real GNP 
dollar declined at an average rate of 2.6 percent per 
year, following a sharp increase in oil and natural gas 
prices.

FIGURE 3 
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In the past, three factors have been key In determin-
ing this trend of increasing energy efficiency: 

- Energy-intensive industries became less impor-
tant relative to total economic output. 

- General technological change increased the 
productivity of many factors of production, 
including energy. 

- From the mid-1970's to the early 1980's, in-
creasing energy prices provided Incentives to 
reduce energy use. 
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These same factors will be important in determining 
future energy efficiency. however, one factor which 
tends to counter these trends is increased electrifica-
tion. 

In the AEO base case forecast, total energy consump-
tion per real GNP  dollar declines at an average an-
nual rate of 1.3 percent between 1985 and 1990 and 
1.4 percent between 1990 and 2000. Both of these 
decline rates are between the long-term pre-embargo 
rate of 0.7 percent per year, and the post-embargo 
rate of 2.6 percent. 

In the past, energy consumption by the Industrial sect 
tor has been the key in determining total energy use. 
The residential, commercial, and transportation sectors 
all have shown relatively stable energy use, while 
energy demand in the industrial sector has changed 
dramatically. Between 1979 (the year of peak energy 
use) and 1985, total energy use declined by 
5.1 quadrillion BTU. The industrial sector accounted 
for more than the total decline, as consumption in 
the residential and commercial sectors Increased. 
This decline in industrial energy use was caused by 
two major factors. First, increasing technological 
change made the use of energy more efficient, so less 
energy was needed to produce the same amount of 
output. Second, and perhaps the more important, was 
the relative decline in output from the energy-
intensive industries, such as primary metals; 
chemicals; stone, clay, and glass; paper; and food. 
The strong United States dollar and increasing com-
modity imports over this period also explain a large 
part of this decline. 

Future demand for the output from these industries is 
Likely to be the key to determining aggregate energy 
growth. There are basically two views of the future 
for the energy-intensive industries. The first view is 
that output from these industries will remain static 
and that the United States will never return to a 
competitive role in these areas. The alternative view 
is that, after another year or two of consolidation, 
the energy-intensive industries in the United States 
will recover and long-term increases in output can be 
expected. In the AEO, the base case projections for 
energy use in the industrial sector lie somewhere be-
tween these two positions: slow but steady growth Is 
assumed for all industries except for primary metals, 
which are assumed to continue to decline after 1990. 
These assumptions imply that the industrial sector will 
account for 40 percent of the growth in end-use 
energy consumption from 1985 to 2000. 

New Tedmologies 

Higher oil prices in the early 1970's triggered a flurry 
of research activity into how producers and consumers 
could use energy more efficiently. The result of this 
activity is starting to have some impact on new con-
sumer goods, appliances, and industrial and commer-
cial machinery. 

Since most of the new technologies appearing today 
are the result of research and development (R&D) in-
vestment from many years ago and are genuine design 
improvements over existing equipment, they are not

likely to be removed readily from the market place 
as a result of the five years of low oil prices as-
sumed In the AEO analysis. In any case, the new ap-
pliances and machinery that dominate the current 
market are much more efficient than existing equip-
ment, the present period of lower energy prices will 
not adversely affect their sales. 

The most dramatic change in coal technology in the 
early 1990's will be the introduction of fluidized bed 
and gasified combined-cycle systems. Combined-cycle 
units designed for coal can be purchased In two 
stages: first, a gas-fired unit, and then a simple form 
of coal gasifier. Low natural gas prices may en-
courage many plants to wait a few years before ad-
ding the coal gasifier, but by the year 2000 some ef-
ficient coal-based systems may be in place. Both of 
these new technologies have been demonstrated and 
may penetrate the market place in the 1990's. The 
effect of these two technologies Is that industrial 
self-generation of electricity could rise from about 
nine percent of industrial electricity use at present to 
14 percent by the year 2000, the same percentage 
that existed in 1974. The AEO forecast for the year 
2000 is a mid-point relative to alternative estimates. 

Looking to the year 2000, however, lower oil prices 
now may have a serious impact on future technologies 
capable of reducing oil imports. Methanol-powered 
vehicles could have a big effect, In principle, on fu-
ture oil imports. The transportation sector accounts 
for over 60 percent of oil use in the United States. 
Low oil prices will certainly delay the introduction of 
vehicles powered by energy sources other than oil. 

Comparison With Other Forecasts 

Two major energy supply and demand projections pub-
lished by Data Resources, Inc. (DR1), and Chase 
Econometric Associates, Inc. (Chase) were compared 
to the AEO projections. These forecasts were 
selected for comparison because they cover all the 
major energy supply and demand sectors, and they are 
widely circulated and well documented. 

In addition to a comparison of forecasts for total 
energy supply and demand, a limited number of other 
projections developed by industry groups were com-
pared to provide additional perspective on maret ex-
pectations. The sources for these other projections 
include the National Petroleum Council, the National 
Coal Association and the North American Electric 
Reliability Council. Mid-range estimates of the world 
oil price are presented in Table 2. 

The world oil price forecasts presented in Table 2 in-
dicate a general agreement that the real price of 
crude oil in the year 2000 will fall below $36 per 
barrel in real terms, although there is a wide range 
of opinion as to how much below. There are also 
some significant differences in expectations with 
respect to how fast prices will rise during the interim 
years, with DRI's base case forecast of only $22 per 
barrel in 1995 compared to the AEO-26 mid-case as-
sumption of a $27 per barrel price. By the year 
2000, both EIA and DRI forecast the price to be 
$33 per barrel. The National Petroleum Council does 
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TABLE 2 

WORLD OIL PRICE PwaEaIa4s 
FOR 1995 AND 2000

(1986 Dollars Per Barrel) 

1995	 2000 

AEO-85 
(last year's 
projections) 

AEO- 86 
Dill 
Chase 
NPC 
NCA

31 

	

27	 33 

	

22	 33 

	

20	 24 

	

17-28	 21-36 

	

29	 35

2.5 2.2 2.6 2.3 2.2 2.7 
7.6 7.0 8.6 7.3 6.7 9.1 
6.6 6.4 6.5 7.4 6.9 7.5 
0.4 0.4 0.2 0.4 0.4 0.2 

16.9 16.1 17.9 17.4 16.3 19.5 

8.2 8.9 8.6 8.5 9.5 8.9 
6.9 6.9 6.4 6.7 6.4 6.5 
2.9 3.5 3.3 3.1 3.9 3.6 
3.8 3.6 3.8 4.1 4.1 4.2 

21.9 22.9 22.1 22.5 23.9 23.2 

19.8 21.6 20.5 20.5 22.2 21.0 
0.5 0.5 0.5 0.5 0.5 0.5 

20.3 22.2 21.0 21.0 22.7 21.5 

1.9 1.6 1.4 3.2 1.7 1.5 
3.7 3.4 4.1 4.0 4.3 4.7 

18.6 17.7 19.6 20.3 19.8 22.8 
6.4 6.2 5.0 6.7 6.3 5.5 
3.8 4.8 4.2 3.9 5.0 4.7 

34.4 33.7 34.3 38.1 37.1 39.1 
59.1 61.2 61.0 60.8 62.9 64.2 
83.1 85.0 85.0 87.3 89.0 90.6

19.1	 18.3	 18.1	 16.8	 17.0	 15.9 

not forecast a midprice case, basing their projections 
on a high and a low oil price path instead. Their up-
per price trend case is based on the assumption that 
world oil prices will reach $36 per barrel in 2000, 
with the lower price trend case based on a price of 
only $21 per barrel. 

The demand forecasts presented in Table 3 indicate 
either stable demands or modest growth in energy 
use during the forecast period for each of the major 
consuming sectors. For the residential and commer-
cial sectors together, the demand projections range 
from 16 to 18 quadrillion BTU in 1995, compared to 
just under 15 quadrillion BTU in 1986. For the year 
2000, Chase forecasts significantly higher total 
residential and commercial demand, particularly for 
natural gas. 

For the industrial sector, energy demand Is projected 
to rise to between 22 and 24 quadrillion BTU in 2000, 
up from 20 quadrillion BTU in 1986. 

TABLE 3 

PIWJEcrIas OF U.S. ENERGY DflMM) BY SECTOR FOR 1995 AND 2000 
(Quadrillion BTU Per Year) 

1995	 2000 
Sector	 AEO-86	 DR1	 CliT	 AEO-86	 Dill	 Chase 

End-Use Consun-ption 
Residential and Camtrical 

Oil and LPG 
Natural Gas 
Electricity 
Other 
Total 

Industrial 
Oil and LPG 
Natural Gas 
Coal 
Electricity 
Total 

Transportation 
Oil and LPG 
Natural Gas 
Total 

Electric Utility 
Oil 
Natural Gas 
Coal 
Nuclear Power 
Other 
Total 

Total End-Use Consumption 
Primary Energy Consumption 
P rim ry Energy/GM' Ratio 

(thousand BTU per 1982 
dollar)
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The AEO-86 projects little change in aggregate 
transportation demand over the next 10 to 15 years. 
DRI, on the other hand, projects an increase of over 
two quadrillIon. BTU between 1986 and 2000. Dif-
ferences in expected automobile efficiency account 
for much of the difference between the two sets of 
projections. 

The alternative projections for electric utility fuel 
consumption all indicate substantial Increases in 
energy inputs.	 Projected demands for 2000 average 
close to 38 quadrillion 11Th, up from 27 quadrillion 
BTU in 1986. The Chase forecast for electric utility 
fuel consumption is somewhat higher than the others, 
particularly with respect to coal use.

The Energy Information Administration projects total 
domestic energy production to rise slowly over the 
forecast period from 65 quadrillion BTU in 1986 to 
67 quadrillion 11Th In year 2000 (Table 4). This over-
all increase In total production is expected to occur 
despite a substantial reduction in crude oil production, 
principally because of offsetting increases in coal out-
put. Dill's domestic production forecast is similar to 
EIA's, while Chose stands apart with much lower oil 
supply estimates. Projected dependence on petroleum 
Imports varies inversely with the anticipated level of 
domestic production. 

TABLE 4 

(L*&PARIS(p4 OF BASE CASE ENERGY SUPPLY PltOJrIa4s
(Quadrillion 11Th) Per Year) 

1995 2000 AEO-85 
Total Supply And (Last Year's 

Disposition . Projections) AEO-86 DRI chase AEO-86 Dill chose D
omestic Energy Production 

Oil 
Natural Gas

15.3 15.0 15.8 11.6 13.7 13.9 11.4 
Coal

17.5 17.3 15.6 16.4 16.7 15.3 16.1 
Nuclear Paver

24.3 
6.6

24.5 23.8 24.8 26.4 26.6 29.3 
Ily d roe 2 oct rio /

6.4 6.2 5.0 6.7 6.3 5.5 
Geoth ermal/Other 3.4 3.2 4.3 3.7 Total 68.3 66.4 65.7 61.5

3.2 
66.8

4.5 
66.6

4.1 
66.3 Net Imports 

Oil 
Natural Gas

16.3 17.3 20.1 21.6 20.6 23.1 22.7 . 
Coal, Coke and

2.5 1.8 2.5 2.0 2.4 2.8 2.2 
Electricity (1.9) (2.0) (1.5) (3.0) (2.0) (1.8) (4.0) Total Available Supply 84.3 83.1 85.0 85.0 87.3 Consumption 89.0 90.6 

Petroleum Products 32.5 32.6 33.1 . 34.7 35.8 Natural Gas 10.4 18.6 19.6 18.5 17.8
34.1 
10.8 Coal 

Nuclear Paver
21.5 21.7 23.1 23.6 23.9 26.6 

Hydroelectric Paver/Other
6.6 
4.3

6.4 
3.8

5.0 
4.2

6.7 6.3 5.5 
Total 84.3 83.1 85.0

3.9 5.2 4.7 
87.3 80.0 00.6

4tH 

CALIFORNIA ENERGY COMMISSION BIENNIAL 
REPORT PROMOTES METHANOL 

The California Energy Commission is the state's prin-
cipal energy planning agency and is responsible for 
ensuring that California has a reliable supply of 
energy consistent with protecting the state's environ-
ment and enhancing its economy. 

California Energy Outlook, the Energy Commission's 
sixth Biennial Report, becomes California's official 
energy policy once approved by the Governor. The 
report examines current energy trends and provides 
the basis for state policy and actions in response to 
those trends.

The Commission's 1987 Biennial Report addresses 
several overriding concerns. Although today's rela-
tively low oil and gas prices are providing a tem-
porary reprieve for energy consumers, the Commission 
believes that the state must take actions to maintain 
a sound economy, to provide least cost energy while 
ensuring a reliable energy supply, and to preserve 
California's environment. Because the future supply 
and price of oil are highly uncertain, the Commission 
recommends that the state's transportation system 
must reduce its virtually total dependence on oil. 
Following are some of the highlights of the report. 
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Oil and Gas 

Oil and gas provide nearly 00 percent of all energy 
used in California. Despite current ample oil supplies 
and lower prices, California's vulnerability to future 
disruptions is Increasing. Even though major reduc-
tions have been achieved in fossil fuel use for 
electricity generation, the states use of oil will in-
crease over the next 20 years. This is primarily be-
cause demand for transportation energy will increase. 
Future disruptions are more likely to result in much 
higher prices than in fuel shortages. A growing de-
pendence on oil carries with it huge economic risks. 
Therefore, the Commission recommends continuing 
development of alternative fuels to substitute for oil, 
particularly in transportation, and that the state and 
federal governments maintain, improve, and test oil 
emergency response plans. 

Oil and natural gas are partially Interchangeable fuels. 
In California, use of natural gas will increase over 
the next 20 years largely due to increases in 
cogeneration and the extraction of California's heavy 
oil through thermally enhanced oil recovery (TEOR). 
Today, natural gas supplies are greater than demand. 
However, in the 1990s, California's traditional supplies 
of natural gas will decline. Supplemental supplies of 
natural gas are available in other parts of the United 
States and Canada, although some new pipeline con-
struction nay be necessary. 

Transportation 

California's transportation sector Is the most suscep-
tible to steep fuel price increases and disruptions In 
the international oil market. However, declining oil 
prices, mnret barriers, inconsistent federal policies, 
and insufficient research and development efforts have 
Inhibited the significant use of alternative fuels. The 
Energy Commission continues to believe that methanol 
has the greatest potential to displace a substantial 
portion of oil used In transportation. To increase the 
methanol fleet and to reduce air pollution, It suggests 
that government agencies in nonattainment air basins 
should adopt programs to substitute methanol for 
gasoline. In addition, greater development of flexible 
fuel vehicles can allow consumers to respond to fuel 
prices and increase the use of alternative fuels. 

Excessive dependence on petroleum is not the only 
crisis facing California's transportation system. The 
state has grown faster than the present highway sys-
tem can accommodate, and prospects are for Increas-
ing congestion. Deteriorating air quality Is the other 
major problem associated with transportation energy 
use. These problems are related, since congestion in-
creases fuel use while also degrading air quality. 

Electricity 

California's electricity system Is becoming decentral-
ized and increasingly competitive. The utility Con-
parties are required to accept power from nonutility 
generators. This creates the need for greater 
flexibility in the operation and coordination of the 
supply system. In most areas of California, there are 
sufficient electricity resources to meet needs for the

next 12 years, unless there Is a dramatic increase in 
demand. These circumstances require the state to be 
more selective in adding new resources to the system. 

The Energy Commission continues to believe that 
state policy should encourage the development of an 
electricity generation system which does not place all 
of California's electricity "eggs" in a single generation 
resource 'basket". 

California Energy Consumption and Supply 

If California were a nation, its economy would be the 
seventh largest in the world. Californians consume 
more than three percent of the world's oil use, using 
more than one million barrels of oil per day for 
transportation alone. 

Energy in California, however, is expensive. In 1905, 
only three other states In the continental United 
States had higher average costs. California's energy 
cost to manufacturers was 45 percent higher than the 
national average. Nonetheless, California uses twice 
as much energy per person as industrial nations with 
similar standards of living. Based on present trends, 
Californians will consume about 20 percent more 
energy in 2005 than today. 

Oil provides about 54 percent of all energy used in 
California. Although the Energy Commission expects 
this figure to decline to 46 percent by 2005, in ab-
solute terms, the amount of oil used is expected to 
increase moderately. Energy demand growth in 
transportation accounts for almost all of the 
forecasted increase. 

California's sources of crude oil have changed 
dramatically over the past decade. With the comple-
tion of the TransAlaska Pipeline, Increased California 
heavy oil production, and the opening or the Elk Hills 
Naval Petroleum Reserve in Kern County, California's 
dependence on foreign oil is now less than 
10 percent. Instate production, fostered by thermally 
enhanced oil recovery in the Central Valley is the 
predominant oil source for California now and will be 
through 2005. The state's heavy oil reserves may be 
three times as large as the oil deposits located off 
California's central and southern coast, known as the 
Outer Continental Shelf (OCS). In the event that 
OCS oil off the California coast is developed, the mix 
of supplies available to California refineries Is likely 
to undergo further change (see Figure 1). 

In the 1990's, oil production levels in California, the 
OCS, and Alaska will decline. Imports of foreign oil 
will increase to make up the difference, reaching 
nearly 25 percent of total supplies by 2005. 

Worldwide oil production capacity now comfortably 
exceeds oil consumption rates. The Energy Commis-
sion projects, however, that world oil demand (outside 
centrally planned economies), encouraged by current 
low oil prices, will grow at 2.4 percent per year be-
tween 1905 and 2005. Moreover, oil exploration and 
development activity has greatly decreased, also due 
to the low price for oil. These consumption and ex-
ploration trends could cause the oil surplus to end 
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FIGURE 1 

CALIFORNIA'S SOURCES OF OIL SUPPLY 
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some time between 1088 and 1091, turning the world 
oil market into a seller's market. 

While it seems clear that California Is headed toward 
greater vulnerability, the future may not be as 
threatening as the 1970's. The world oil market can 
now adapt much more quickly to changed conditions. 
Anyone who is willing to pay the market price should 
be able to obtain oil quickly from other sources in all 
but the most serious oil supply disruption patterns, 

Resolving Transportation Issues 

California's transportation system is among the most 
complex in the world and is not without problems. 
Aside from near total dependency on oil, congestion 
and air pollution are at the top of the list. 

Congestion is a major public concern in all of 
California's urban areas. Unfortunately, solutions to 
congestion are both costly and difficult to implement. 
Most transportation agencies predict congestion will 
continue to increase. 

The transportation system is also a leading contributor 
to the air quality problem in the state. Los Angeles, 
Sacramento, Fresno, Ventura, and Kern counties will 
not attain the ozone standards specified in the federal 
Clean Air Act by the end of 1087. 

While congestion and air quality issues currently 
dominate California's transportation planning activities, 
the Energy Commission feels that California must also

find ways to decrease the transportation system's de-
pendence upon oil. Decisions regarding congestion 
relief and air quality improvement must incorporate 
actions to decrease oil dependence when feasible. 

Consumers are buying larger vehicles today, partly 
because of lower fuel prices. While new 1984 cars 
were averaging 27 miles per gallon, new 1006 cars 
declined to 26 miles per gallon. 	 The Commission
predicts that transportation energy demand will in-
crease 12.3 percent by 2005. The forecast shows 
gasoline demand increasing by a total of 16 percent, 
while aviation and diesel fuel demand will increase by 
44 percent and 37 percent, respectively. These 
projections are based on assumptions of a moderate 
increase in fuel prices and continued economic and 
population growth. 

Congestion alters energy consumption patterns by 
causing vehicles to operate at less than optimum ef-
ficiencies. For example, fuel economy will decrease 
up to 50 percent in stop-and-go congestion conditions. 
In Southern California, the average speed at which 
freeway vehicles travel during peak periods is 
37 miles per hour. Furthermore, congested areas 
have spread from the central business districts to 
major regional centers. This growth leads to conges-
tion in both directions on some freeways, such as the 
Santa Monica and San Diego freeways in Los Angeles. 

Caltrans' forecasts show that unless relief measures 
are quickly Implemented, even the present transporta-
tion system's level of service could decline rapidly. 
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Transportation energy demand will continue to in-
crease as a consequence of this accelerating conges-
tion problem. 

Air Quality Considerations 

The federal Clean Air Act requires states to protect 
public health by meeting clean air standards by the 
end of 1987. If the standards are not met, the En-
vironmental Protection Agency (EPA) can impose 
sanctions including halting new highway construction 
and restricting federal highway funding in nonattain-
ment areas. The South Coast Air Basin, which has 
the worst air quality in the nation, and four other 
areas (Sacramento, Fresno, Ventura, and Kern 
Counties) may be designated as nonattainment areas 
at the end of 1987. 

Methanol offers a significant option to decrease ozone 
levels in urban areas and thereby demonstrate 
California's responsiveness to air pollution concerns. 
A car fueled by methanol emits lower levels of reac-
tive hydrocarbons than comparable gasoline cars. 
Hydrocarbons are the main contributors to ozone for-
mation. Based on modeling simulations for the South 
Coast Air Basin, a complete changeover to methanol 
vehicles would cause an estimated 14 to 22 percent 
reduction in peak ozone levels. In comparison, all 
other control measures included in the South Coast 
Air Quality Management Districts State Implementa-
tion Plan (1982 Revision) for the air basin in the year 
2000 would result in a 26 percent reduction in ozone. 

In 1984, a Methanol Task Force (MTF) was formed. 
Based on results of the current Energy Commission 
methanol demonstration program, the MTF concluded 
that significant air quality benefits can be achieved 
by replacing current uses of petroleum fuels with 
methanol. 

Recently adopted federal regulations aimed at large 
trucks and buses could also increase the role of 
methanol. In 1906, California established emission 
standards for heavy-duty engines, which become In-
creasingly strict through 1994. Methanol provides a 
reasonably cost-competitive alternative to meet the 
standards without requiring the use of expensive pollu-
tion control technology. 

Alternative Fuels Recommendations 

California continues to propose methanol as the alter-
native with the most promise as a substitute, for 
gasoline. The Energy Commission is vigorously pursu-
ing the use of methanol because resources to develop 
this fuel are plentiful, and its use can benefit the en-
vironment. The abundance of methanol feedstock 
resources in the United States can provide a sig-
nificantly greater degree of energy security than does 
increasing dependence on foreign oil. 

Although the Energy Commission has successfully 
demonstrated methanol technology, its current 
methanol fleet demonstration program revealed an in-
sufficient number of refueling stations in the state. 
More methanol fueling stations are needed to alleviate 
fears of running out of fuel. Another step is to con-
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tinue to build methanol demand by increasing the size 
of the methanol fleet. The Energy Commission sug-
gests that California's governmental agencies in nonat-
tainment air basins with fleets of 15 vehicles or more 
can lead the way in such an effort by replacing at 
least 50 percent of their motor fuel consumption with 
methanol by the year 2000. 

Developing a car that runs on either gasoline or 
methanol or any mixture of the two might solve the 
refueling problem and allow for more diversity In fuel 
use. In the 1907-88 fiscal year, the Energy Commis-
sion will sponsor a limited production and demonstra-
tion program of flexible fuel vehicles. 

In May, 1987 the Energy Commission announced an 
agreement with Arco to establish 75 methanol fueling 
stations. The state is also preparing to help purchase 
5,000 methanol-fueled vehicles. 

# # # 

EXXON OFFICIAL PREDICTS SIGNIFICANT RISE IN 
PRICE OF OIL 

In an address prepared for the Australian Petroleum 
Exploration Association, D. K. McIver, an Exxon 
senior vice president, said the company now considers 
an eventual significant rise in the price of crude oil 
to be "inevitable". He observed that there Is an as-
sured future of oil and gas well into the 21st century. 
Man needs energy to fuel all modern national 
economies. Replacement of one energy source by 
another takes place only in an evolutionary way. 
Barring some near-magical rapid development of a 
new source of energy, the current major sources --
oil, gas, and electricity from fossil fuels; nuclear and 
hydro - will continue to supply the world for a long 
time. Oil's place is particularly assured because It is 
so difficult to replace oil as a means of fueling 
transportation. Natural gas may assume more impor-
tance because there are more discovered reserves 
remaining, relative to current consumption rates, than 
there are for oil. 

Mclvor's remarks, delivered by S. R. McGill, reminded 
the audience that the world has consumed oil more 
rapidly than it has been accumulating from new dis-
coveries since about 1970. Since 1970 we have been 
consuming oil at rates of 20 to 25 billion barrels per 
year while making new discoveries of only about 10 
to 15 billion barrels per year. This means that we 
are using up to inventory found prior to 1970 at an 
Increasing rate. The bulk of this inventory, more 
than half of remaining proved reserves, lies In the 
Middle East and Is producing at much less than cur-
rent capacity. 

Something on the order of 30,000 oil fields have been 
discovered on earth to date. It Is a truly amazing 
phenomenon that only 37 of these fields, or slightly 
more than one-one thousandth of the total number, 
contained about 35 percent of all the oil ever dis-
covered. Furthermore, only 11 of the 37 lie outside 
the Middle East, only five of the 37 have been dis-
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covered in the past 20 years, and only two of these 
five lie outside the Middle East (Prudhoe Bay in 
Alaska and Cantarell in Mexico). The point being 
that despite some very intensive and extensive ex-
ploration in recent years, no groups of supergiant dis-
coveries of the nature that would seriously challenge 
the Middle East have been found. 

lie also emphasized that the expectations of high oil 
prices that existed over the 10 years up to late 1985 
resulted in a very large amount of exploration around 
the world that strongly indicated that many areas 
contain no oil or limited oil. 

Thus,	 in	 early	 1987,	 there	 exists	 on the order	 of 
20 percent spare producing capacity in the world and 
almost all of this lies	 in the	 Middle	 East. As supply 
and demand come closer together,	 as they must do, 
the world's spare capacity is	 going to be in	 a	 very 
few countries.

It appears ever more likely that new discoveries, 
however valuable they may be locally, will not change 
this. It is extremely important that those who formu-
late Policy in the nations of the world come to grips 
with this impending reality. 

Thus, M civor says it is inevitable that before too long 
the supply and demand of conventional oil will come 
Into closer balance, spare capacity will be in very 
few countries and the price of oil will begin to rise.

As this inevitability comes closer in time, it will 
supply the motivation to think seriously again about 
producing oil from non-conventional sources such as 
heavy oil, oil sands and oil shales, and the conversion 
of natural gas and coal into synthetic oil. 

Oil from this group of sources will be slow to build 
to significant capacity because high prices must be 
reasonably assured and because the time required for 
their development is lengthy. However, it is highly 
probable that this will ultimately happen as prices 
rise and technology improves. Nations which possess 
these resources and which are large consumers are 
likely to recognize the national economic and supply 
assurance benefits. 

Meivor suggests that the goal of all governments and 
industry should be to make this next transition 
smoother and less disruptive than those of the past. 
The world's growing population needs all the economic 
growth we can muster. Economic growth is generally 
impeded by sudden dislocations, and these dislocations 
often cause rapid transfers of wealth. Therefore, 
governments should be planning to anticipate the com- 
ing dislocation and to do whatever is possible to help 
us ease Our Way into it. 
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ECONOMICS 

DOE ANALYSIS SHOWS POTENTIAL 20 MMBFD OF 
SYNTHETIC FUELS IN 40 YEARS 

A paper prepared for the Twelfth World Petroleum 
Congress by C. J. Stosur and K. N. Frye of the 
United States Department of Energy presents a long-
term (to the year 2030) look at the future for extra 
heavy oil, natural bitumen, and shale oil. The authors 
comment that in spite of the price reduction for 
crude oil in 1986, which was a continuation of the 
general downward price drift that began In 1981, the 
truly long-term picture for petroleum supply remains 
uncertain and relatively unchanged. Conventionally 
recovered petroleum is a finite resource whose easy 
availability and recovery will continue to decline. If 
the price of oil begins a long-term rise again in the 
1990's and beyond, as many anticipate, unconventional 
recovery and unconventional liquid fuels will become 
economically viable and necessary to the world 
economy in general. 

The price rise in the 1990's should undoubtedly result 
In new crude oil reserves being discovered, but the 
era of giant field discovery appears to have passed. 
New discoveries, therefore, should cause only a minor 
delay with respect to the practical effects of world 
oil depletion. The rise in prices may also continue to 
switch to alternate energy forms and stimulate more 
end-use efficiency. 

In the lesser developed countries, even with modest 
economic growth and Increasing use of local natural 
gas, coal, or hydro resources, petroleum demand can 
be expected to increase. In these countries, 
petroleum may well continue to be the fuel of choice 
for many decades, and demand for petroleum fuels 
may continue to rise. Any significant changes In the 
nix of energy consumption will occur only over the 

long term. 

The authors conclude that the stage is set for a new 
era in petroleum resource exploitation. Analysis sug- 
gests that under consensus economic growth conditions 
a conventional petroleum supply shortfall will appear 
in the 1990's and, without contributions from uncon-
ventional fuels, could expand towards six million bar-
rels per day by 2010. If unconventional petroleum 
resources can be exploited for $20$35 per barrel, 
however, the resource scarcity argument becomes 
moot. The paper therefore discusses the prospects 
for exploiting extra heavy oil, natural bitumen, and 
oil shale resources in the $20-$35 per barrel price 
regime. 

Technological Status 

Resources are available today, with the application of 
advanced technology, to continue using the existing 
liquid supply infrastructure. These resources Include 
extra heavy oil, natural bitumens, and shale oil. 

The first two resources can use extraction technology 
that Is either similar to that used in enhanced oil 
recovery (EOn) operations such as those currently

employed in California, or an extension of the com-
mercial technology currently used for Canadian tar 
sands extraction. Oil shale presents a much more 
difficult but not insurmountable situation, primarily 
because of materials handling and reduction problems, 
and requires the most enhancement of current (non-
commercial) technology. 

With advances in petroleum refining technology In 
recent years, coupled with the use of heavier crudes 
in the refining process, the Industry can, with some 
adjustment, use the unconventional crudes from extra 
heavy oil and natural bitumen extraction. Given the 
extent of these resources, the evolution from conven-
tional petroleum should be able to continue in-
definitely. Current production from extra heavy oil, 
bitumens, and oil shale has occurred on a limited 
scale since the 1960's. This production Is summarized 
in Figure 1.

FIGURE 1 
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Extra-heavy crude otis are defined as those which ex-
hibit an API gravity of less than 10 degrees, but have 
an in situ viscosity of less than 10,000 centipoise 
(10 Pa See). Thus, although they may be as heavy as 
natural bitumen, these heavy oils exhibit some ability 
to flow to a weilbore under reservoir conditions, and 
a certain amount of primary production is possible. 
By far the world's largest known concentration of 
extra-heavy oil occurs in the Orinoco Belt of 
Venezuela. 

Future Research and Development Opportunities 

The oil price break of the mid-1980's has substantially 
removed the crisis atmosphere associated with uncon-
ventional fuels research and development (R&D) and 

SYNTHETIC FUELS REPORT, JUNE 1987 
1-21



caused significant reduction in R&D efforts, par-
ticularly in the private sector. Nevertheless, though 
the projections may vary, conventional petroleum 
available through primary (and some secondary) 
recovery Is a finite resource. 

Exacerbating this situation is the fact that demand 
for energy will grow because energy is critical for 
overall economic growth. While the industrialized 
countries with mature economics (OECD countries) are 
generally using less energy, the less developed 
countries and the centrally planned economies are ex-
periencing large increases in demand for energy to 
fuel economic growth. Energy demand growth for the 
less developed countries was 71 percent between 1972 
and 1984, and 57 percent for the centrally planned 
economies during the same period. This basic growth 
can be expected to continue into the next century, 
though the rate may vary, as the less developed world 
pursues economic development. The conclusion to be 
drawn is that the world market for conventional 
petroleum Is currently in a downturn, and substantial 
volatility exists.	 Eventually, prices in the long run
can be expected to trend back upwards. 

Stosur and Frye suggest that this situation presents an 
excellent opportunity for R&D activities to achieve 
significant technological progress in the capability to 
exploit extra heavy oil, bitumen, and oil shale 
resources as future substitutes for conventional crude 
oil. The industry is seeking ways to evolve existing 
petroleum technology to a state where it can be util-
ized to recover these resources. However, in addition 
to the 'evolutionary' mode of technology advancement, 
it is also necessary to pursue 'revolutionary' advances 
if the costs of these unconventional resources are not 
always to be just above the price of conventional 
petroleum, and therefore just out of reach. Revolu-
tionary technological advances will require 
breakthroughs in the way we think about these 
resources, and their applicability to our economic 
requirements, as well as breakthroughs in technology 
itself. Re-thinking energy end-use patterns to suit 
the characteristics of these resources, rather than al-
ways seeking direct substitutes for conventional crude 
oil, may be one way to achieve this. 

Long-Range Technical/Economic Issues 

The future production potential for heavy oil, tar 
sands, and oil shale depends on a complex range of 
technical, economic, environmental, and institutional 
factors. From a technical perspective, these relate 
to when the technology will be available for commer-
cial production, at what cost, how fast production can 
be expanded, and the size of the resource base being 
produced. From an economics point of view, world 
oil prices for conventional crude oil, national invest-
ment and taxation policies, and supply and price of 
competing fuels such as coal and natural gas, will 
also impact future production potential. 

Figure 2 illustrates the result of a hypothetical 
analysis of potential market penetration of liquids 
from heavy oil, tar sands, and oil shale under varying 
R&D scenarios using the RAMS World Oil Model. 
This is a computer model developed by Oak Ridge

National Laboratory and Applied Management 
Sciences, Inc. The intent was not to forecast actual 
production, but to analyze a variety of production 
scenarios under different technology assumptions. 

For each analysis year, a base case production 
forecast Is presented for the following resources: 
Venezuelan heavy Oil, Canadian Surface Tar Sands, 
United States Surface Tar Sands, and United States 
Oil Shale (surface and in situ). For each resource, a 
base production volume is indicated assuming a high 
total production cost. A moderate R&D effort and a 
significant R&D effort are hypothesized which serve 
to reduce to moderate and low levels, respectively, 
the production costs for these resources. The R&D, 
in some cases, also reduces the time necessary to ex-
pand production. 

As seen in Figure 2, successful R&D can serve to 
substantially increase production from these resources, 
particularly in the post-2000 time frame when the 
conventional supply gap is projected to be the 
greatest. By the year 2030, with significant R&D to 
lower costs, production from these resources could be 
as high as 35 percent of total world oil production. 

Thus, if R&D can overcome certain technological con-
straints (and the authors believe it can), then the fu-
ture for recovery of extra heavy oil, tar sands, and 
oil shale, looks bright. indeed, production from these 
resources can contribute significantly to meeting liq-
uid fuels demand in the next century. These addi-
tional liquid fuels are economically desirable in that 
they support and extend the life of existing transpor-
tation, upgrading, and distribution infrastructure. 

However, if we passively wait for the economics of 
conventional petroleum recovery to justify substantive 
R&D,  it may to too late. Significant fuel switching 
and infrastructurai changes, and/or disproportionate 
energy prices, may be forced on our economies. Even 
the opportunity to exploit these particular resources 
may be lost. The paper concludes that we should ag-
gressively pursue the required R&D  no'v so that in 
the coming decades liquid products from extra heavy 
oil, tar sands, and oil shale resources can be 
economically and efficiently produced. 
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FIGURE 2 

POTENTIAL PRODUCTION FROM HEAVY OIL, 
TAR SANDS AND OIL SHALE 
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INTERNATIONAL 

SOUTH AFRICA ENERGY BALANCE SHOWS 
IMPORTANCE OF SYNTHETIC FUELS 

A picture of the internal energy balance for South 
Africa was presented at the 13th World Energy Con-
ference by the Energy Research institute of the 
University of Cape Town. 

The South African economy has grown out of an 
agricultural economy, followed by growth In the mm--
Ing industry. The mining sector started with copper 
in the mid 1800's and expanded rapidly with the dis-
covery of diamonds in 1867 and gold on the Wit-
watersrand in 1886. This pattern of reliance on 
primary industry has continued with the development 
of the iron, chromium, platinum, and other mineral 
resources. The contribution of the various sectors to 
the Gross Domestic Product is illustrated In Table I. 

TABLE 1

SECTORS OF THE 5(13Th AFRICAN E(XflW&Y 

Contribution to
C. D. P. % 

Sector	 1820	 1984 

Agriculture	 22	 5 
Mining	 18	 13 
Manufacture	 7	 23 
Trade	 16	 12 
Other	 37	 47 

South Africa is an almost unique situation where the 
urban sector Is a large contributor to the Gross 
Domestic Product while the rural sector, or at least 
large Portions of it, remains at subsistence levels, 
relying on income from migrant labor working in the 
mining and industrial sectors. In the underdeveloped 
areas the energy problems relate to not having suffi-
cient energy for the essentials of life. 

The energy balance in South Africa is also compli-
cated because of the political situation which has 
resulted in various embargoes including a threatened 
embargo on oil imports. The threat of energy em-
bargo has led to the creation of an oil-from-coal in-
dustry. 

Energy in the Developed Sector 

Energy in the developed sector has been largely based 
on indigenous coal. Prior to 1973 oil requirements 
had been growing, but even in 1973 oil provided only 
34 percent of commercial energy usage. Most of the 
oil was used for transport purposes. The relative 
shares of the various primary energy sources are 
shown in Figure 1.

It was recognized in the curly 1950's that the country 
was vulnerable to supply problems for transport fuels 
and a start was made on the oil-from-coal process 
now known as SASOL. The system has been expanded 
to the stage where the three SASOL plants now 
produce approximately 35 percent of total transport 
fuel requirements. The Introduction of the SASOL 
plants has also resulted in the production of a large 
quantity of ethanol and higher alcohols. 	 These al-



cohols are a by-product of the process and there is 
no ready marcet for them. They are therefore 
blended into the gasoline which Is sold In the inland 
areas as a mixture of eight percent ethanol, two per-
cent higher alcohols, and 90 percent gasoline. 

The search for oil has proceeded in parallel with the 
development of synthetic fuels. During the search for 
oil significant amounts of gas have been found off-
shore. Currently a feasibility study is underway for a 
process to convert the off-shore gas to transport 
fuels. The development of the one gas field currently 
under consideration would provide some 10 percent of 
transport fuel. 

In spite of the recent decrease in the world price of 
petroleum the South African production of synthetic 
fuels still appears economically attractive because of 
the deterioration of the country's currency against 
that of its major trading partners and especially 
against the dollar. The unfavorable exchange rate 
together with the need for an increased level of self 
sufficiency in transport fuels means that developments 
in this field will continue. 

Coal has traditionally been the mainstay of the 
energy scene because of its abundance and its low 
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cost. The low cost has been the result of very 
favorable mining conditions. Seams are thick and at 
a shallow depth. A large proportion of new mining 
developments involve open-cast mining. Ap-
proximately half of the coal used in the internal 
market is used for the production of electricity. Be-
cause of the cheapness of coal South African 
electricity is among the cheapest in the world. 

In common with other countries the role of electricity 
is expanding at the expense of the less convenient 
fuels. The role of liquid fuels is again increasing but 
much of the increase Is being satisfied by the use of 
synthetic fuels. 

Future Energy Demand 

According to the Institute, coal will continue to be 
the primary source of energy well into the next cen-
tury. The first problems that will become evident In 
coal supply will be the shortage of sufficiently large 
blocks of coal for supply of the very large power sta-
tions which will be required to meet growing electri-
cal demand. The coal supply problem will be com-
pounded by the growing scarcity of water for cooling 
in the inland areas. There will therefore be a grow-
ing need for nuclear power stations. Increasingly, 
coal and gas will be used for the production of liquid 
fuels for transport purposes. Such liquid fuels will 
continue to be gasoline and diesel fuel but the role of 
the alcohols will increase. 

Hydro-power could become an important regional 
energy source for electricity. It has been estimated 
that Zaire alone could supply all the electricity 
requirements of the sub-continent until the end of 
this century. However, the politics of the area cur-
rently preclude such international cooperation. 

Energy In the Underdeveloped Areas 

The energy demand situation in the underdeveloped 
areas of South Africa mirrors the situation in other 
Third World countries. Typically these areas are out-
side the electrical grid supply area. Most of the 
areas are far from the coal fields of the Eastern 
Transvaal and the cost of coal becomes prohibitive. 
Traditionally wood has been the main energy source 
of the rural areas. In common with other parts of 
the world, wood is becoming scarce and deforestation 
is leading to agricultural problems, such as soil ero-
sion. The growing scarcity of firewood in certain 
areas has led to increasing reliance on poor quality 
fuels such as dung and agricultural wastes. 

Energy consumption in the underdeveloped sector Is 
broken down as shown in Table 2. 

In terms of primary energy for the country as a 
whole, it is estimated that fuelwood constitutes six 
percent of total energy or 219 PJ per year (Table 3). 
Some 65 percent of the total population uses wood 
for fuel. 

Future Energy Pattern, 

The future of energy demand in the underdeveloped

TABLE 2 

fl4ER' CONSUMPTION IN ThE
UNDERDEVELOPED SWTOR

IN SWflI AFRICA
(Percent) 

Rural	 Pen-Urban 

Fuelwood 78.0 48.0 
Dung 10.6 0 
Paraffin 6.4 14.3 
Candles 0.7 1.5 
Coal 4.1 35.4 
Gas 0.2 0.8 

TABLE 3

PRIMARY ENERGY IN Saint AFRICA 

Type  

Coal 82.4 
Oil 10.4 
Wood 6.1 
Nuclear 1.0 
Hydro 0.1 

sector depends as much on politics as it does on 
economics and resource utilization. Controls on 
population movement have distorted the energy 
demand. With greater labor mobility there will be a 
movement from the rural areas to the urban areas. 
This will create sociological problems common to 
countries in the throes of change from an agrarian 
economy to an Industrially based system. 

Because of lags in the economic system, the institute 
postulates that for a number of years the present 
scarcity of basic energy will continue and the situa-
tion will, in fact, deteriorate. 

Given a favorable political and economic dispensation, 
South Africa has the potential for developing a unique 
and innovative energy supply strategy by orienting its 
capital and technological resources toward meeting 
the basic needs of the underdeveloped sector. 

In the longer terra, the energy shortage in the rural 
areas will be transformed into a shortage in the pen-
urban areas. With the exception of the supply of 
some coal and refined petroleum products from the 
commercial energy sector to the underdeveloped area, 
there Is presently no interaction between them. 
While various planning and policy matters affecting 
the commercial energy area have been instituted, the 
underdeveloped areas have been largely ignored. 
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What makes the South African energy situation unique 
is that the two energy areas exist side-by-side. The 
commercial energy area is a large one existing on 
relatively cheap energy sources (by world standards). 
The underdeveloped energy area is physically con-
tiguous and in fact sometimes overlaps the commer-
cial area. 

With respect to the underdeveloped areas, the world 
is full of failed systems introduced by well meaning 
research workers who were unaware of the true needs 
of the native people. Many of the failed schemes 
were introduced by groups from developed countries 
working at a psychological it not a physical distance 
from the problem. South Africa therefore has a 
unique opportunity to work toward solving the problem 
of the underdeveloped areas because the research 
workers are close to the problem both physically and 
socially, and the commercial energy sector should be 
capable of supporting the required investigations and 
implementations. 

The role of coal and the other energy carriers in the 
energy 'nix is illustrated in Figure I. 

if ft U U 

USSR OUTLOOK NOTES IMPORTANCE OF 
SYNTHETIC FUELS 

A presentation at the 13th World Energy Conference 
by S. N. Yatrov, Director of the AU-Union Research 
Institute of Complex Fuel and Energy Problems of the 
USSR State Planning Committee outlined the way in 
which synthetic fuels are considered to be an element 
of future energy supplies in the Soviet Union. 

Yatrov notes that oil and gas rose from 38 percent of 
total energy in 1961 to 71 percent in 1980. The 
USSR is well provided with practically all types of 
fuel and energy resources for the long term. In the 
more recent timeframe, development of the country's 
gas industry has been pushed in preference to oil 
production. The so-called "gas variant of the fuel 
and energy balance" permitted a 1981-1985 gas 
production increase of over 200 billion cubic meters. 
An advantage of the "gas variant" is the capability of 
fore rapid development as compared with other 
resource branches of the fuel and energy complex. 
The resource base of the gas industry guarantees its 
stable development and steady expansion in a very 
long time range. 

The coal industry of the country has been developing 
with much lower rates of growth: as a result, its 
share in the fuel and energy balance has decreased. 
Nevertheless, coal production reached 726 million tons 
in 1935. 

Electric power production in nuclear plants in 1985 
amounted to 170 billion kwh against 73 billion kWh in 
1980.

The following trends are noted in the energy sector: 

- Consumption of ever growing volumes of 
natural gas. Considerable quantities of gas - 
up to 30 percent - are burned at power 
plants. 

- Oil and oil products substitution by electric 
power In Industry, agriculture, public services, 
households, and transport. Electrified railways 
are increasing steadily. 

- Lowering of oil products demand by a large-
scale switch of autotransport to diesel en-
gines. 

- Development of gas production with growing 
volumes of gas condensate. The increase in 
condensate extraction contributes highly to the 
supply of motor fuels and chemical feedstocks. 

- Development of coal production by surface 
mining which by the end of the century should 
account for approximately 60 percent. The 
coal industry of the USSR has an excep-
tionally high resource base -- six to seven 
trillion tons. 

The principal guidelines for working out the national 
fuel anti energy balance are laid down in the 1983 
Energy Program. This program is to be implemented 
in two stages. During the first, which lasts to the 
early 1990's, emphasis will be on existing high levels 
of oil production, accelerated rates of extraction and 
transportation of Siberian gas to the European USSR, 
and rapid development of nuclear-based energy. Con-
ditions are to be provided for a large-scale turn of 
the economy to the energy-saving path. 

During the second stage, which extends up to the 
year 2000, the program stipulates a higher Intensive-
ness of energy conservation. In this stage, a further 
rise in production of energy is mainly due to an in-
creasing production of nuclear energy, coal extraction 
by surface mining, and use of renewable energy 
sources. 

The program envisages measures for a more rapid in-
troduction of fast breeder nuclear reactors. Much 
attention is also paid to hydropower developments. 
Hydropower plants will mainly be constructed in 
Siberia and Soviet Far East. 

Despite the fact that the national economy require-
ments are fully covered by domestic reserves of 
natural fuel and energy resources, better use and con-
servation of these resources are considered as a na-
tional problem of top significance. The Central 
Committee of the Communist Party of the Soviet 
Union and the Council of Ministers of the USSR 
adopted in 1981 the resolution "On basic directions 
and measures for higher efficiency In using fuel and 
energy resources in the national economy In 1981-1985 
and the period up to 1990". In the USSR Energy 
Program, problems of conservation and rational use of 
fuel and energy have further been developed for the 
period up to 2000. 
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Nearly	 all	 the	 country's	 republics	 and economic 
regions	 have a	 potential	 to	 meet	 their fuel	 and 
energy	 needs from	 their	 own	 domestic resources. 
However,	 not every	 type	 of	 domestic	 resource	 can 
compete with the large reserves of oil, 	 gas, and coal 
In	 the eastern regions of the USSR. 	 Even with the 
transportation accounting for 70 percent of the	 total 
costs	 of	 these	 fuels,	 particularly	 natural	 gas,	 their 
transport is in many cases efficient.

The formation of fuel and energy balances of separate 
regions proceeds within the framework of the national 
fuel and energy balance. 

For instance, the energy supply of Eastern Siberia Is 
based on the further use of the region's plentiful 
hydropower resources and development of the Kansk-
Achinsk coal fuel and energy complex. The basin Is 
first in the country with respect to coal reserves sub-
ject to surface mining - over 110 billion tons. Low 
production costs favor developing coal-processing 
products, particularly liquid fuels, as well as electric 
Power to be transmitted to other regions of the 
country. 

Changes in the overall structure of energy resources 
production are aimed at more comprehensive covering 
of the energy requirements of each CM EA (Council 
for Mutual Economic Assistance) country from its own 
rasources by an accelerated development of nuclear 
power production, broader use of domestic resources 
of solid fuels, and initiation of coal- and shale-based 
production of synthetic liquid fuels.

Yatrov states that one of the urgent problems Is the 
promotion of cooperation for initiating the coal- and 
shale-based production of synthetic liquid fuels In or- 
der to ease difficulties with liquid fuels in the CM EA 
countries. The most favorable conditions (huge 
reserves of brown coal subject to surface mining) for 
a large-scale production of synthetic liquid fuels exist 
in the USSR (Kansk-Achinsk basin). 

Joint efforts of the CMEA countries are also applied 
to the problem of how to cover their national 
economies' needs in motor fuels. Therefore, it is 
planned to promote the cooperation of the socialist 
countries in oil exploration and production, especially 
off-shore, in reconstruction of oil-refining Industries 
to promote a deeper oil refining, in construction of 
methanol plants and in application of compressed gas 
as motor fuel.

flu 
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ENVIRONMENT 

SYNCRUDES COULD BENEFIT FROM TIGHTER 
DIESEL SULFUR SPECS 

New regulations under consideration by the United 
States Environmental Protection Agency (EPA) and the 
United States Congress would limit the sulfur content 
of diesel fuel to 0.05 percent or less. 

These rules, similar to those already in effect in the 
Los Angeles area, could cost the United States refin-
ing industry $3-4 billion. Refiners there, with some 
exceptions for small refiners, have had to produce 
diesel fuel with a maximum sulfur content of 
0.05 weight percent since January 1985. 

The rules are seen as a way to reduce add rain con-
cerns. Sulfur emissions are considered to be a major 
precursor of acid rain. Both sulfur compounds and 
aromatics are considered to be the main sources of 
exhaust particulates. 

Compared to the current United States national 
average of 0.26 weight percent sulfur in diesel fuels, 
0.05 weight percent represents a significant reduction 
for the industry. As a result, additional investment 
in distillate hydrotreating (II DT) capacity, hydrogen 
producing capacity, and sulfur recovery capacity will 
probably be needed, as well as changes in the blends 
of components normally used in diesel, and in the 
crude slate normally charged to the refinery. 

Even where a refiner has adequate IIDT and sulfur 
recovery capacity with little investment in new 
capacity required, diesel production costs are expected 
to increase because of more severe operation of 
processes and shorter catalyst life. 

The proposed EPA regulations are slated to take ef-
fect in 1991. The United States Congress has also 
proposed rules limiting sulfur content in diesel as 
parts of bills introduced to minimize add rain. The 
last Congress (99th) saw House Bill 4567 that would 
reduce sulfur content in diesel to 0.05 weight percent 
by January 1, 1989. Senate Bill 2203 would have 
made diesel sulfur content equivalent to the average 
sulfur content in gasoline in 1985. That content was 
0.03 weight percent. That rule was slated to be in 
effect by January t, 1988. Both of those bills died 
in Congress, but the present Senate has reintroduced 
very similar bills. Senate Bill 300 calls for sulfur 
content to be reduced to 0.05 weight percent by 
January 1, 1989, and another bill calls for sulfur 
levels and a time schedule equivalent to previous 
Senate Bill 2203.	 These bills are currently still in
committee. 

Mid-distillate hydrotreaters in operation today may 
technically be able to reduce sulfur content to 
0.05 weight percent,	 but not without significant 
changes in their operation. Running them at much 
lower liquid hourly space velocity (LHSV) and/or 
higher temperature will meet the sulfur specification, 
but at a significant reduction in barrels produced or a

severe reduction In cycle length. Either way, produc-
tion costs would go up. 

Added hydrogen production facilities may be needed 
as well as increased capacity of sulfur recovery 
processes. 

Nationwide, the National Petroleum Council, in its 
October 1986 report, had the United States refining 
industry estimate the additional hydroprocessing 
facilities necessary to produce 2.071 million barrels 
per calendar day of distillate fuels at 0.2 weight per-
cent sulfur (0.05 weight percent In the Los Angeles 
area). To meet these requirements, an additional 
600-650,000 barrels per calendar day of hydroprocess-
ing capacity would have to be added at an estimated 
total investment cost to the United States refining 
industry of $1 billion. To meet a nationwide average 
of 0.05 weight percent sulfur, an investment of $3 to 
$4 billion could be required. 

Because most synerudes must be severely hydrotreated 
to remove nitrogen, they typically contain almost no 
sulfur. If conventional crudes must now be 
hydrotreated to reduce sulfur, then the differential 
processing cost between crude oil and raw synerudes 
will be reduced.	 This will improve the economic
feasibility of syncrude production. 

On the negative side, the EPA is also considering 
limits on the aromatics in diesel fuel. Aromatics are 
considered to be the major contributors to particulate 
emissions.	 A limitation of 20 volume percent 
aromatics is under consideration. Because most 
syncrudes have a higher aromatics content than most 
conventional petroleum, this could prove to be a 
major handicap for syncrudes. 

Reducing aromatics will not be easy. Some existing 
hydrotreaters are capable of mild saturation of 
aromatic ring compounds -- the most important factor 
in eetane number control of cracked distillates --
therefore, some reduction in aromatics is available. 

Some additional nag saturation could be obtained with 
these units with a modest increase in severity, or by 
taking advantage of modern catalyst technology. But 
the general consensus Is that the degree of ring 
saturation up to 1 9 200 psi is in the order of 
15 percent. 

This means that to achieve just partial aromatics 
reduction, hydrotreaters will have to operate at pres-
sures above 1,000 psi. But most of the existing units 
in United States refineries, with the exception of 
some West Coast refineries, operate in the 600 psi 
range. Refiners, therefore, could be faced with a 
significant amount of revamp expense. The ability to 
reduce the aromatics content of synthetic fuels has 
been studied in conjunction with making naphthenic 
jet fuels (see other articles in this issue). 

4*44 
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RESOURCE 

REM AND FOREST SERVICE REVIVE LAND 
EXCHANGE PROPOSAL 

The United States Forest Service and the Bureau of 
Land Management (BLM) have resubmitted to Congress 
a plan to exchange 25 million acres of land in the 
West. The plan was put forth on a larger scale two 
years ago, then pared down and submitted to Congress 
last year. It died with little support. 

The new proposal essentially is the same as last 
year's. About 25 million acres of land would be 
traded between the Forest Service and BI.M In order 
to increase efficiency and save money. Offices of 
the two agencies would be consolidated in 35 cities 
and the agencies estimate $13 million to $15 million 
a year would be saved. 

Support for the plan has been maintained in both the 
Department of Interior, which oversees the BLM, and 
Department of Agriculture, which has authority over 
the Forest Service, 

When the plan was Introduced in 1985, the two 
agencies hoped to swap 35 million acres nationwide, 
and claimed a potential savings of $30 to $35 million 
U year. 

However, the proposal drew protests from around the 
country, and a number of changes were made. Na-
tional forests in Nevada and Wyoming, scheduled to 
switch to BUt jurisdiction, were left with the Forest 
Service. 8LM lands in Oregon, slated to be switched 
to the Forest Service, remained with the fiLM. 

In Colorado, the major change was to keep all the 
Grand Mesa tinder Forest Service jurisdiction. Under 
the original proposal, the mesa would have been split 
along Colorado highway 65, with everything west of 
that falling under BLM jurisdiction. 

The various boundary proposals sparked several con-
cerns when the plan was first proposed. Ranchers 
and recreationists who were familiar with the Forest 
Service worried that lands transferred to the eLM 
would not be as well managed by the fiLM as the 
Forest Service which handles It now. 

Oil, gas and mining companies had concerns about 
how the interchange 'night change administration of 
their leases on federal property. 

In addition, there were questions from Congress and 
the private sector about whether the estimated cost 
savings from the plan would actually be realized,
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RECENT GENERAL PUBLICATIONS/ PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Tenth North American Meeting of The Catalysis Society held in San 
Diego, California, May 17-22, 1987: 

Straquzzi, C., at al, "Comparison of Methanol Catalysis Over Two Forms of MoO3". 

Bartholomew, C. H., et al, "CO hydrogenation Kinetics on a Clean Cobalt Surface'. 

Campbell, C. T., "Model Methanol Synthesis Catalysts Based on Cu and ZaG Single Crystals". 

The following articles appeared in Energy & Fuels, Volume 1, Nos. 1 and 2 a new American Chemical Society 
Journal: 

Smith, B. E., et al, "One- and Two-Dimensional N MR Methods for Elucidating Structural Charac-
teristics of Aromatic Fractions from Petroleum and Synthetic Fuels". 

Lee, S., at al, "Multicoinponent Physical Equilibrium of Liquid-Phase Methanol Synthesis". 

Lee, S., at al, "Pore Diffusional Limitations in the Liquid-Phase Methanol Synthesis Process". 

The following papers were presented at the American Chemical Society 193rd National Meeting held in Den-
ver, Colorado, April 5-10, 1987: 

Watkins, J. M., et al, "Reactions Involving llydropero,dde Formation In Jet Fuels". 

Beaver, B. D., et al, "2,5-Dimethylpyrrole and Oxidative Fuel Stability". 

Butt, J. B., et at, "Surface Characterization of Iron Fischer-Tropsch Catalysts". 

Yang, K. T., et at, "PSA Cycles for Producing High-Purity Hydrogen from hydrogen-Lean 
Mixtures". 

Nixon, A. C., et ai, "Endothermic Fuels for High Mach Vehicles". 

Steele, W. V., at al, "Role of Thermodynamics in the Design of Future Jet Fuels". 

Zoeller, J. H., et al, "Thermodynamic and Chemical Consequences of Hydrocarbon Structure". 

Taylor, P. II., at al, "Gas-Phase Thermal Degradation Behavior of Future Jet Fuels". 

Rubey, W. A.,  et al, "Thermal Behavior of a Model Endothermic Fuel and Identification of 
Degradation Products". 

Hamblen, D. G., et al, "Correlations Between Fuel Structure and Sooting Potential". 

Aboul-Chielt, A. K,, "Effect of Support Acidity on the Intermediate Steps for Quinoline and In-
dole hi ydrodenitrogenation". 

Sebba, F., et at, "Possible Use of Polyaphronated Hydrocarbons as Jet Fuels". 

Steinberg, M., "Low-Cost High Energy Density Carbon Black Fuel Mix for Heat Engines". 

Shabtal, J, et al, "Kinetics of Hydrodenitrogenation of Simulated Synfuel Fractions'. 

Fisher, I. P., et al, "Kinetics and Thermodynamics of Ilydrotreating Synthetic Middle Distillates". 

Chmielowiec, J., et al, "impact of Nitrogen Compounds on the Uydrocracking of Synthetic Gas 
Oil". 

The following papers were presented at the CHEMRAWN VI World Conference on Advanced Materials for In-
novations in Energy, Transportation and Communications held in Tokyo, May 17-22, 1987: 

Oshima, K., "Energy Generation Towards the 21st Century".
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Fujimori, K., "Advanced Fossil Energy-Integrated Coal Gasification Combined Cycle Power Gen-
eration . Systems". 

Betsey, W. B., "Advanced Technology for Fossil Fuels Conversion". 

Fueki, K., "Future Trend of Fuel Cells". 

Kays, Y., "Assessment of Energy Systems". 

The following were presented at the Fourteenth Energy Technology Conference held in Washington, D. C., 
April 14-16, 1987: 

Starr, C., "Technology Innovation and Electricity Futures". 

Choroszy-Marshall, M., at al, "The Quincy, Florida Woodwaste Gasification Plant". 

Remick, R. .1., "Advanced Concepts for Contaminant Resistant Fuel Cells". 

Handley, L. M., at al, "Design and Development of an 11-Mw Fuel Cell Power Plant". 

The following papers were presented at the Twelfth world Petroleum Congress held in Houston, Texas, April 
26-May 1, 1987: 

iVilImon, G. J., "Economic Outlook for Extra Heavy Oils, Natural Bitumens and Shale Oils". 

Stosur, G. J., at al, "The Future of Extra Heavy Oil, Natural Bitumen, and Shale Oil". 

Mauleon, J. C., at al, "Characterization and Selection of Heavy Feeds for Upgrading Through 
Fluid Catalytic racking Process". 

Thompson, G. J., et al, "Processing Requirements and Economic Analysis of Heavy Oils and 
Syncrude Refining". 

Masters, 0., at at, "World Resources of Crude Oil, Natural Gas, Natural Bitumen, and Shale 
Oil'. 

Burns, T. C., "Issues in Petroleum Supply and Demand -- Views of the Year 2000". 

Frisch, J. R., "The Long Term Energy Alternatives to Hydrocarbons". 

The following papers were presented at the Alternate Energy '87 Conference held in San Francisco, Califor-
nia, April 3-10, 1987: 

Lichtblau, J. H., "Future Course For U. S. Oil Supply, Demand and Imports". 

Field, S., "Economics of Alternatives to Imported Oil". 

Stanley-Miller, J., "OH Imports a Energy Security". 

lmbrecht, C., et al, "Policy Alternatives to Reduce Oil Import Dependence". 

Nichols, R., "Experience with Methanol in the Flexible Fuel Vehicle". 

Edwards, J. W., "Commercial Operations with Mobil Methanol-to-Gasoline". 

The following papers were presented at the American Institute of Chemical Engineers 1987 Spring National 
Meeting and Petro Expo '87 held in Houston, Texas, March 29-April 2, 1987: 

Gadalla, A. M., at al, "Characterization of Solid Solutions Composed of Oxides of Cu, Zn, and 
Cr for Methanol Synthesis". 

lion, C. E., at al, "Fischer-Tropsch Catalyst from Zeolitic Aluminoferri.silicates". 

Wenzel, F., et al, "Veba Combi-Cracking (VCC), A Proven Process for High Conversion of 
Residues Into Light Products".
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GENERAL -PATENTS 

"Countercurrent Heat Transfer Device for Solid Particle Streams", D. Carlos Adams - Inventor, 
United States Patent 4,639,217, January 27, 1987. A rotary kiln is formed by a helical tube 
secured inside a cylindrical shell, and fitted with flow spoiler baffles between each turn of the 
helical tube. Inside the helical tube, one solid particle stream flows uphill in the manner of the 
classical archimedes screw. Another stream of particles is tumbled by the flow spoiler baffles 
and flows under gravity downhill through the center of the helical tube, tumbling over the suc-
cessive convolutions of the helical tube. This downhill flow occurs because the particles collide 
with the interflute spoiler baffles, tumble and fall off the helical flutes, thus causing the coun-
tercurrent flow. A wide range of surface-to-volume ratios of, and heat transfer through, the 
helical tube may be achieved by a proper design of the relative width of the tube. This helical 
tube in a drum device provides heat transfer for a varied number of process applications, such 
as oil shale or tar sands retorting. Oil vapor is generated in one stream reponsive to the heat 
of combustion or gasification of the spent char in the counterflowing stream. Heat from the 
combustion and the sensible heat of the ash is transferred through the wall of the helical tube 
to the intlowing stream with no stream intermixing.
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COMING EVENTS 

1987 

JUNE 1-3, TAMPA, FLORIDA - 37th Vehicular Technology Conference. 

JUNE 1-4, ANAHEIM, CALIFORNIA - American Society of Mechanical Engineers, Gas Turbine 32nd International 
Conference and Exhibition. 

JUNE 1-4, ANAHEIM, CALIFORNIA - Renewable Energy Technologies Symposium and International Exposition and 
International Power Exhibition and Energy Conference. 

JUNE 1-4, ANAHEIM, CALIFORNIA - 2nd International Enhanced Oil Recovery Conference and Exposition. 

JUNE 1-4, STOCKHOLM, SWEDEN -- 13th Mining World Congress and International Mining Exhibition. 

JUNE 2-3, EDMONTON, ALBERTA, CANADA - Advances in Petroleum Recovery and Upgrading Technology. 

JUNE 3-4, WASHINGTON, U. C. - Fluidized Bed Combustion Conference. 

JUNE 7-10, LOS ANGELES, CALIFORNIA - American Association of Petroleum Geologists Annual Meeting. 

JUNE 7-10, CALGARY, ALBERTA, CANADA -- Innovation and Optimization: Everyone's Challenge. 

JUNE 8-11, WARSAW, POLAND - Combustion Engines 17th International Congress. 

JUNE 0-12, SOPHIA ANTIPOLIS/VALDONNE, FRANCE -- New and Renewable Sources of Energy in the ECE 
Region, Economic Commission for Europe Symposium. 

JUNE 0-11, LONDON, UNITED KINGDOM - 6th International Conference and Exhibition on Coal Utilization. 

JUNE 16-19, MORGANTOWN, WEST VIRGINIA -- Gasification Systems 7th Annual Meeting. 

JUNE 17-18, CHERRY HILL, NEW JERSEY -- 1987 Cogeneration Congress. 

JUNE 23-25, HARROGATE, UNITED KINGDOM -- 1st European Conference on Dry Fine Coal. 

JUNE 24-26, BETHESDA, MARYLAND -- Engineering Aspects of Maguetohydrodynamics 25th Symposium. 

.JUNE 24-26, WINDSOR, ONTARIO, CANADA - Third Windsor Workshop on Alternative Fuels, 

JUNE 28-30, SNOWMASS, COLORADO - Rocky Mountain Coal Mining Institute 83rd Regular Meeting. 

JUNE 30-JULY 1, EDINBURGH, SCOTLAND -- Rational Use of Energy, 22nd Consultative Conference of the Watt 
Committee on Energy. 

JULY 6-8, CALGARY, ALBERTA, CANADA -- International Association of Energy Economists Conference. 

JULY 6-9, LISBON, PORTUGAL - Solid Fuel Utilization International Specialists Meeting. 

JULY 7-12, HAMBURG, FEDERAL REPUBLIC OF GERMANY -- Energy 1st International Forum. 

JULY 19-24, WORCESTER, MASSACHUSETTS -- 18th Biennial Conference on Carbon. 

JULY 28-31, SILVERCREEK, COLORADO - Confab '87, A Fossil Fuel Meeting. 

JULY 28-31, MORGAI1TOWN, WEST VIRGINIA, - Unconventional Gas Recovery and Utilization Meeting. 

AUGUST 9-14, PHILADELPHIA, PENNSYLVANIA -- 22nd Intersoclety Energy Conversion Engineering Conference. 

AUGUST 17-21, RIO DE JANIERO, BRAZIL -- Energy Independence Conference. 

AUGUST 16-19, MINNEAPOLIS, MINNESOTA - American Institute of Chemical Engineers, Conference on Engineer-
ing Technologies and Materials. 

AUGUST 18-20, MINNEAPOLIS, MINNESOTA - American Institute of Chemical Engineers National Meeting. 
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AUGUST 20-30, SEOUL, KOREA - XVI Pacific Science Congress. 

AUGUST 23- SEPTEMBER 4, MUGLA, TURKEY - NATO Advanced Study Institute on New Trends in Coal Science 
Meeting. 

AUGUST 24-26, LARAMIE, WYOMING - 13TH Annual Underground Coal Gasification Symposium. 

AUGUST 24-27, PRETORIA, SOUTH AFRICA -- International Coal and Gas Conversion Conference. 

AUGUST 24-28, SYDNEY, NEW SOUTH WALES, AUSTRALIA -- Royal Australian Chemical Institute 8th National 
Convention. 

AUGUST 26-28, TOKYO, JAPAN - Coal Utilization Technology 9th Symposium. 

AUGUST 26-29, GOLD COAST, QUEENSLAND, AUSTRALIA -- 1987 Pacific Rim Congress. 

AUGUST 30-SEPTEMBER 4, NEW ORLEANS, LOUISIANA - American Chemical Society National Meeting. 

AUGUST 30-SEPTEMBER 4, PRAGUE, CZECHOSLOVAKIA - CHISA '87: 9th International Congress of Chemical 
Engineering. 

SEPTEMBER 2-4, M0NTREUX, SWITZERLAND -- American Society of Mechanical Engineers, Gas Turbine Division's 
International Symposium and Exposition. 

SEPTEMBER 7-13, BEIJING, CHINA -- International Symposium on Coal Combustion. 

SEPTEMBER 13-15, JASPER, ALBERTA, CANADA -- 37th Canadian Coal Conference. 

SEPTEMBER 13-16, SAN FRANCISCO, CALIFORNIA -- Mining Convention. 

SEPTEMBER 13-16, BOISE, IDAHO - American Association of Petroleum Geologists Meeting. 

SEPTEMBER 14-I5, CALGARY, ALBERTA, CANADA - Petroleum and Chemical Industry Conference. 

SEPTEMBER 16-18, GRAND FORKS, NORTH DAKOTA -- Development of Alternative Energy Sources and the Les-
sons Learned Since the Oil Embargo, 2nd International Conference. 

SEPTEMBER 27-29, TULSA, OKLAHOMA -- American Association of Petroleum Geologists Meeting. 

SEPTEMBER 27-30, DALLAS, TEXAS -- Annual Technical Conference and Exhibition of the Society of Petroleum 
Engineers. 

SEPTEMBER 28-OCTOBER 2, PITTSBURGH, PENNSYLVANIA -- 4th Annual Pittsburgh Coal Conference. 

SEPTEMBER 23-OCTOBER 1, CARBONDALE, ILLINOIS -- 2nd International Conference on Processing and Utiliza-
tion of High Sulfur Coals. 

SEPTEMBER 30-OCTOBER 2, ATLANTA, GEORGIA -- 10th World Energy Engineering Congress. 

SEPTEMBER 30-OCTOBER 2, DENVER, COLORADO -- Society of Mining Engineers Fall Meeting. 

OCTOBER 1-2, TOKYO, JAPAN - Coal Science 24th Congress. 

OCTOBER 4-8, MIAMI, FLORIDA - Institute of Electrical and Electronics Engineers/American Society of Mechani-
cal Engineers Power Generation Conference. 

OCTOBER 4-8, MONTREAL, QUEBEC, CANADA - Canadian Society for Chemical Engineering Annual Conference. 

OCTOBER 5-8, SEATTLE, WASHINGTON - American Petroleum Institute Refining Department's Autumn Meeting. 

OCTOBER 7-8, REGINA, SASKATCHEWAN, CANADA -- Second Technical Conference of the South Saskatchewan 
Section of the Petroleum Society of Canadian Institute of Mining and Metallurgy. 

OCTOBER 14-15, MALMO, SWEDEN -- Coal Liquid Mixtures 3rd European Conference. 

OCTOBER 14-16, IRVINE, CALIFORNIA - 62nd Annual Fall Conference of Pacific Energy Association. 
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OCTOBER 18-23, BILBAO, SPAIN - Energy Conference. 

OCTOBER 26-28, GRAND JUNCTION, COLORADO - Comparative Economics of Clean Coal Technologies. 

OCTOBER 26-19, KNOXVILLE, TENNESSEE - 5th Symposium on Separation Science and Technology for Energy Ap-
plications. 

OCTOBER 26-30, EUROHAL, MAASTRICHT, NETHERLANDS -- 1987 International Conference on Coal Science. 

OCTOBER 27-29, DUSSELDORF, FEDERAL REPUBLIC OF GERMANY - Coal Power 87 Conference and Exhibition. 

OCTOBER 27-NOVEMBER 1, WASHINGTON, D. C. - 8th International Ash Utilization Symposium. 

NOVEMBER 2-4, WELLINGTON, NEW ZEALAND - Coal Research 2nd Conference. 

NOVEMBER 3-6, METZ, FRANCE - Symposium on ilydroconversion and Pyrolysis. 

NOVEMBER 8-10, CHICAGO, ILLINOIS - 1987 Annual Meeting of the American Petroleum Institute. 

NOVEMBER 15-19, NEW YORK CITY, NEW YORK -- American Institute of Chemical Engineers Fall 1987 Annual 
Meeting. 

NOVEMBER 17-19, PITTSBURGH, PENNSYLVANIA -- Coal Technology '87: 10th International Coal Utilization and 
Transportation Conference and Exhibition. 

NOVEMBER 18-20, LEXINGTON, KENTUCKY -- 1987 Eastern Oil Shale Symposium. 

DECEMBER 2, WASHINGTON, D.C. -- Fall Conference, Council on Alternative Fuels. 

DECEMBER 6-2, COPENHAGEN, DENMARK - Applied Coal Technology Seminar. 

DECEMBER 6-11, SPRINGFIELD, ILLINOIS -- 1987 National Symposium on Mining, Hydrology, Sementology and 
Reclamation. 

DECEMBER 14-13, MIAMI BEACH, FLORIDA -- 8th Miami International Conference on Alternative Energy Sources. 
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PROJECT ACTIVITIES 

RAMEX REACTIVATES WYOMING IN SITU PROJECT 

RAMEX Syn. Fuels International, Inc., after recently 
being purchased by Croenway Corporation announced 
that its In situ oil shale project in Wyoming is again 
under way. 

The company expects to become an economically vi-
able synthetic fuels producer and marketer. Toward 
that goal, the technology and equipment have been 
moved from the laboratory to field tests near flock 
Springs, Wyoming. 

Dr. D. Nielsen has supervised the drilling and casing 
of two test wells, installed the downhole heating 
equipment and surface buildings and some production 
and gathering equipment. The balance of the produc-
tion and gathering equipment was to be completed 
this past spring. 

Funding of the field pilot program is being provided 
by the Greenway Corporation of Van Buren, Arkansas. 

it * 4 

SPP/CPM PLAN FURTHER TESTS IN TACIUK 
PROCESSOR 

Southern Pacific Petroleum, NL and Central Pacific 
Minerals NL say that bench scale tests of retorting 
oil shale from the Stuart deposit In Queensland using 
the Taciuk Process have been successfully carried out 
in the Calgary, Canada facilities of UM ATAC In-
dustrial Processes. 

The Taciuk Processor is a direct thermal retorting 
device In which oil sands and oil shale are processed 
to yield cracked distillate oils, off gas and a dry solid 
residue. 

The construction of a previously planned 100 ton per 
hour field demonstration unit to process mined oil 
sands has been deferred as a result of the downturn 
in the oil Industry In Alberta. 

The oil shales from Australia were processed in batch 
operations to evaluate the performance of each of the 
unit operations occurring within the Processor. A 
test involving the processing of a 2,000 ton sample of 
Stuart shale in the five ton per hour continuous flow 
pilot plant is planned for the summer of 1987. 

The necessary bulk sample has been extracted from 
the Kerosene Creek seam and crushed to the required 
particle size for testing. The material was then 
dried, bagged, and shipped to Calgary. 

Rundle Project 

SPP/CPM also reported that Esso Exploration and 
Production Australia Inc. continued environmental 
monitoring studies at the Rundle site during the 
period. This was mainly in the form of Juts collec-
tion from lysimeters Installed at the site for measur-

Ing the effects of water movement through waste 
materials. 

In the United States, Ewe's research contractor has 
commenced work on evaluating results from the 
recent test work on Rundle oil shale at the Exxon 
Shale Retort pilot plant In Baytown, Texas. 

Esso and SPP/CPM recently renewed their operating 
agreement to continue work on the Rundle project. 

4*44 

UNOCAL NOTES PARACHUTE CREEK PROGRESS 

It its 1986 annual report to stockholders, Unocal Cor-
poration noted that its Energy Mining Division passed 
two milestones in its long-term effort to develop the 
nation's first commercial-scale oil shale mining and 
retorting facility. 

In July, the company began operating the retorting 
complex, and In December, began shipping synthetic 
crude oil by truck from Parachute to Lisbon, Utah, 
where it Is sent by pipeline to Unocal's Chicago 
Refinery. 

Unocal states that estimated recoverable reserves of 
shale oil in the United States are at least equal to 
the total proved crude reserves in all of tile Middle 
East. Although most oil shale reserves are on federal 
lands, Unocal's fee lands alone contain more than 
three billion barrels of potential synthetic crude oil. 

Currently, lJnocal's plant, which is designed to 
produce 10,000 barrels of raw shale oil per day, is 
undergoing further tests and design modifications. 

By year end,	 Unocal had produced more than
200,000 barrels of raw shale oil. 

The shale project is the result of more than 40 years 
of company research and development. It exemplifies 
Unocal's willingness to make long-term investments In 
selected technologies that could prove vital to the 
nation's future energy security. The company has in-
dependently shouldered the plant's construction cost 
and developed Its technology. 

In late 1985, Unocal negotiated an amendment to the 
1981 agreement with the United States Synthetic 
Fuels Corporation that makes available additional 
loans and price guarantees to support the possible in-
corporation of a fluidized bed combustor Into the ex-
isting shale oil facility. A final decision on the 
fluidized bed combustor will be made by July 1, 1907. 

444ff 
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EASTERN SHALE RESEARCH EVALUATES TEST 
RETORT 

In 1985, Eastern Shale Research Corporation com-
menced a project to study the in situ processing of 
Eastern oil shales, on New Albany Shale In Indiana. 
Test blasts were carried out, followed by the design 
and blasting of a shot to produce a retort bed for 
burning In the horizontal mode. Results were dis-
cussed at the 1987 Oil Shale Symposium by Keith 
Britton. 

A small in situ retort bed was constructed for 
processing by methods similar to those used by 
Geokinetics Inc. for shallow oil shales in Utah. (Their 
Lofreco Process creates a rubble zone by blasting and 
raising the surface, then extracts the shale oil using a 
horizontal burn). 

The project is located in southern Indiana and uses 
the uppermost member (Clegg Creek) of the New Al-
bany oil shale. Two sites have been used. At the 
original test site, the New Albany Shale Is overlain by 
the Rockford Limestone and clay overburden. At the 
present site, the limestone and about 10 feet of the 
oil shale have been eroded. 

Preliminary Fragmentation Study 

For the first step, a study was performed to review 
factors affecting in situ retort blasting and identify 
possible design approaches. 

The blast design approach proposed was similar to 
that used for the initial Geokinetics work. Their 
later Lofreco designs use exclusively vertical holes, 
but the earlier ones required also inclined holes, 
which are harder and more expensive to drill. 
Against this, the earlier ones were much more 
suitable for research blasting and could be extended 
to break oil shale thicknesses which were far beyond 
the capability of the Lofreco Walking IV, up to the 
full New Albany section thickness of 120 feet. 

The fragmentation research plan comprised an initial 
series of test shots followed by the blasting of a bur-
nable retort, using up to three shots to achieve a 
satisfactory bed. 

This policy was adopted in view of the limited infor-
mation available about the site and the response of 
Eastern shale and clay overburden to blasting. It was 
suspected that much of the fragmentation of blast 
stressed Western shale resulted from mechanisms 
unique to a laminate structure of sharply varying 
material properties, and that Eastern shale would not 
exhibit this behavior, due to its greater uniformity. 
(it was hoped that separation on beddings would 
compensate). It was also suspected that the clay 
would behave in a ductile manner, in contrast to the 
brittle failure of the rock overburdens of the West. 

At the planned retort site, it was demonstrated that 
If the clay overburden at the retort edge could not 
be sheared by use of the lifting charges (which would 
obviously cause failure of the shot), the clay could be 
pre-sheared. During the work to establish a technique

for this, it became apparent that the clay overburden 
was affected by the firing of even light charges. 
Clay which had proved initially tight to drilling fluids 
(air and water) would, after the first shot In the test 
area, permit circulation to adjacent holes or air vent-
ing to the surface up to 30 feet from the drill. 

Main Test Series 

Routine coring of the corner blastholes, to fully 
characterize the local formation, revealed that the oil 
shale was weathered and overlain by gravel rather 
than limestone. Rapid water Influx suggested an 
aquifer capable of maintaining the water table some 
4 meters above the intended retort zone. In addition, 
1-2 meters of the lower clay was soft and flowed 
readily. 

This was at variance with advice from the Indiana 
Geological Survey geologists, who expected both rock 
and clay to be firm and impervious, and with the 
physical evidence of the original core taken within 
some 60 feet of the retort. Further cores revealed 
that the original core had sampled a rare Island of 
sound material in what otherwise seemed to be a gla-
cial river bottom. 

A new site was located and exploration by coring and 
augering showed both dry conditions and sound shale. 
On the other hand, both the Rockford Limestone and 
the upper 10 feet of the New Albany had been 
eroded, the overburden clay was only some 12 feet 
thick and there was occupied housing in fairly close 
proximity. The loss of the limestone was significant 
as all previous blast designs had relied upon It both 
to hold stemming and to act as a stress spreader to 
the clay above. The thin overburden limited the blast 
scale, as did proximity. On balance, it was decided 
that the site should be used, though clearly marginal, 
providing a suitable blast could be designed. 

Blast Design Approach 

A novel design was called for as the lack of a lime-
stone cap, time and minimum hole diameter ruled out 
downsizing the existing inclined hole design. 

The second design was based on the so called 
'cratering concept'. Two (single hole) cratering shots 
were fired to provide point charge datapoints and 
permit calculation of the specific charge for the main 
shot. 

During the main shot, power supply, mechanical and 
electrical malfunctions caused loss of all electronic 
data and all but one optical record. The shot itself, 
however, behaved with perfection, each facet achiev-
ing its nominal design condition. Reentry drilling 
confirmed that the bed would retort satisfactorily and 
that internal experiments had succeeded. Finally, ex-
cavation of the clay overburden permitted direct 
study of the effects of the shot. 

Heave and Reentry 

Permanent heave was the primary diagnostic used for 
evaluation of the blast design approach. The central 
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zone heave prediction was realized very closely. Cer-
tain charges were adjusted to locally Increase or 
decrease specific charge as a further sensitive test of 
the design approach. At least qualitatively, each such 
detail was faithfully mirrored in the heave. 

Reentry by drilling was used to assess fragmentation, 
void distribution, bed permeability and the results of 
charge and sequence modifications. Recovered frag-
ments showed concholdal facets. Fragmentation and 
void distribution were generally good and varied as 
per the design. Notably, however, toe breakage was 
poor and the graduation in fragment size with dis-
tance from charge locations seemed much greater 
than in the West. Bed permeability appears very 
high. 

Reentry by trenching permitted direct examination of 
shock worked clay overburden, liner damage, general 
rock condition, stress spreader slab condition and the 
edge failure mode. The most notable effects upon 
the clay were pronounced compaction of the bottom 
meter and a generalized columnar loosening above. 

The rock appeared soft but competent for at least 
the first 50 centimeters. It was "dead" to impact 
and separated easily on beddings. The rock surface 
showed more evidence of flexure than brittle fracture. 
The oil shale slab used to spread the peak stresses to 
the clay appeared to have remained monolithic. Edge 
failure in the clay had been by shear rather than duc-
tile flow.

Conclusions from Blasting 

Britton concludes that although the final proof of a 
successful burn is lacking, It appears that In situ 
retort beds can be successfully blasted for Eastern 
shale. On the other hand, it seems intrinsically dif-
ficult to produce good beds because of the particular 
fragmentation characteristics. The Lofreco Walking W 
type retort Is unlikely to be applicable. 

The New Albany Shale may be unusual for Its con-
choidal breakage, but It is a more normal rock than 
Green River Oil Shale. Lofreco designs worked be-
cause the Green River shale failed as a brittle 
laminate, giving remarkably even breakage throughout 
the mass and promoting separation on beddiags. 

The success of the cratering design used in Indiana 
has implications for vertical modified in situ fragmen-
tation. It suggests that disappointing results from 
earlier cratering experiments stemmed from the falla-
cious assumption that a column charge acts as a point 
charge located at its center of mass. 

The only previous attempt to blast an in situ retort 
bed under clay overburden, the CSR shot at Julia 
Creek, resulted in total failure.	 Little void was in-
troduced.	 The bed became barely permeable and 
would not burn,	 However,	 the overburden was
5 meters thick in Indiana, but 20 meters at Julia 
Creek.
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CORPORATIONS 

SEEP RIDGE BOND REDUCED 

Geokinetics Inc., Salt Lake City, Utah has received 
approval from the Utah Division of Oil Gas and Min-
lug to reduce its reclamation bond for the Seep Ridge 
Oil Shale Project from $150,000 down to $93,425 
based on partial reclamation work recently completed. 

Geokinetics Inc. requested approval to replace Time 
Certificate of Deposit for $150,00 posted on July 23, 
1984 and currently held by the Division for reclama-
tion of the Seep Ridge Project, ML 24276-A, with a 
new certificate in the amount of $100,000 with 
Republic Bank of Dallas in accordance with its 
reduced bonding requirement. Upon recommendation 
the Director of the Division of State Lands approved 
the action.

It It It It 

80810 RELEASED FROM UTAH BOND 

In actions before the Utah Division of State Lands, 
McEldowney, McWilliams, Deardeuff, and Journey Inc. 
of Oklahoma City requested the release of Statewide 
Surety Bond No. 400 EY 7977, $25,000, which was 
posted by Sohio Shale Oil Company on April 17, 1987. 
This bond is no longer needed since Sohio is no longer 
active on any state oil shale teases. Upon recom-
mendation, the Director approved the release of the 
bond.

it It It It 

UNITED STRATUM PLANS SAND WASH PROJECT IN 
UTAH 

United Stratum Corporation has filed a registration 
statement with the Securities and Exchange Commis-
sion concerning its offering of stock for the purpose 
of financing a shale oil extraction facility on property 
known as the Sand Wash property located in Uintah 
County, Utah. 

The facility will be a semi-commercial shale oil ex-
traction facility, designed to produce 375 barrels of 
oil per day if the minimum offering proceeds are 
received and an additional 100 barrels of oil per day 
if the maximum offering proceeds are received. 

The company has been assigned, subject to the terms 
of the assignment and the underlying lease, an amount 
of shale ore sufficient to produce 2,500,00 barrels of 
raw shale oil (the company is obligated to deliver, out 
of production, 200,000 barrels of oil, at a future date, 
to the affiliate which assigned the ore and lease to 
the company. Under certain circumstances, the co in-- 
pany has the option to purchase the balance of the 
oil shale ore (estimated at 27,500,000 barrels of oil) 
in the Sand Wash property.

The company estimates that the price of oil must be 
at least approximately $18.00 per barrel in order for 
the company to break even on the future processing 
and sale of oil. 

The technology to be used to extract oil from shale, 
on the Sand Wash property, was developed by Delbert 
D. Thomas. In 1973 Thomas was retained by a group 
(eventually to become Global Oil Shale Products) to 
provide the engineering for a feeder to be used on a 
counter flow gas combustion oil shale retort. The 
feeder eventually became known as the "Day Feeder" 
and United States Patent 3,908,865 was issued to 
cover this feeder on September 30, 1975. The patent 
rights to this feeder are presently owned by Energy 
'80 Scientific, Inc., a subsidiary of IMPEX Corpora-
tion. 

The ENOCCO I retort uses the "Day Feeder" and has 
been developed by Energy '80 Scientific Inc. to its 
present stage. On March 27, 1979, United States 
Patent 4,146,460 was issued to Delbert D. Thomas for 
a retort known as the ENDECO U. The patent rights 
for this equipment is also currently owned by Energy 
'80 Scientific, Inc.	 Energy '80 Scientific, Inc. has
constructed and operated a small pilot plant to prove 
the feasibility of this technology. United States 
Patent 4,347,119 was issued to Delbert D. Thomas on 
August 31, 1982 for a horizontally fed retort for the 
extraction of oil from tar sands and oil shale. The 
patent rights to this equipment are owned by Energy 
'80 Scientific, Inc. and ENDECO VIII is the name by 
which this retort Is known. 

It is anticipated that three retorts will be used under 
Phase I of the Sand Wash Project, the ENDECO I, the 
ENDECO II and the ENDECO VIII, having a total 
capacity of 475 barrels of oil per day. All of these 
described processes have the ability to use the energy 
of the residual carbon contained in the waste material 
to provide the heat source for the process. 

The company plans to convert its shale oil to jet fuel 
for sale to the Department of Defense at a subsidized 
price. If this cannot be achieved, an alternative 
marketing program involves a small on-site refinery to 
distill the light and middle fractions from the shale 
crude oil. The light ends, C 4 and higher will be con-
verted to "Spectra Black" grade carbon black. This 
conversion will be accomplished through proprietary 
equipment developed by a subsidiary of one of the 
shareholders, IM PEX Corporation. 

Under this secondary marketing program, the naphtha 
fractions will be blended into gasoline and marketed 
as motor vehicle fuel. The middle distillates will be 
marketed as No. 2 heating oil. The remaining 
material can be treated, blended and marketed as in-
dustrial lubricants.

It It It If 
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CERCHAR STUDIES ELECTRICAL IN SITU 
RECOVERY METHODS FOR OIL SHALE 

CERCHAR (Centre dEtudes at Recherches de Char-
bonnages de France) and Electricite de France have 
agreed to collaborate on a long-term study of tech-
niques for the in situ pyrolysis of .oil shale, using 
electricity as a source of heating. 

CERCHAR also has an industrial demonstration unit 
of 15 megawatt (thermal) capacity, having an 
18 square meter fluidized bed chamber, for the pur-
pose of burning mined shales to produce steam. 

The results of the first test using electric resistors 
dug into the ground were positive, so far as the 
quality and the quantity of the products obtained 
were concerned. Further research involving laboratory 
and modeling tests have been undertaken to prepare a 
second operation. In this case an electric heating 
process using radio-frequency will be tried out.

SYNTHETIC FUELS REPORT, JUNE 1187 
2-5



GOVERNMENT 

DOE ISSUES SOLICITATION FOR WATER-JET-
ASSISTED OIL SHALE 'MINING 

The United States Department of Energy, Grand Junc-
tion Projects Office, has issued a Solicitation of 
Cooperative Agreement Proposals for Water-Jet-
Assisted Mechanized OH Shale Mining Technology 
Development. 

Proposals are solicited to enter into a Cooperative 
Agreement to evaluate the technical and economical 
feasibility of water-jet-assisted mechanical cutting of 
oil shale tinder actual mining conditions and to estab-
lish the technological basis necessary for subsequent 
private sector development and commercialization of 
water-jet-assisted mechanized mining equipment. 

The total amount if anticipated Department of 
Energy funding for this three-phase program Is 
$750,000. The offeror is expected to cost-share at 
least 25 percent of the total proposed project cost. 
In-kind contributions, such as capital equipment use, 
can be applied to the 25 percent offerorts share of 
the proposed cost.	 The research effort will be 
divided into three phases: 

1. The design of a water-jet-assisted cutting sys-
tem to be retrofitted to an existing mechani- 
cal cutting machine for use in oil shale 

2. The modification of an existing water-jet-
assisted cutting machine 

3. The collection of data from actual cutting 
tests at an oil shale nine approved by the 
Department of Energy.

Department of Energy expects a major oil shale 
resource holder to contribute to the project by provid-
ing access to an oil shale mine in Western Colorado 
and electrical power and limited support services for 
the in-mine test phase. The proposal is to cover all 
three phases of the project. The period of perfor-
mance for the entire three-phase project is estimated 
at 24 months. Proposals must demonstrate: 

1. Experience In water-jet-assisted mechanized 
cutting and mechanical excavation 

2. The existing capability of using data and ex-
perience gained through this agreement to 
design and manufacture commercial-sized min-
ing equipment 

3. The ability to provide in-house maintenance 
and support from United States based 
facilities 

4. A cost-share plan 

The requirements can be satisfied by the offeror or 
by the combined capability of team members. 
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ENERGY POLICY AND FORECASTS 

OIL SHALE ACTION COMMITTEE PROMOTES TEST 
CENTER CONCEPT 

In June 1986, the Associated Governments of 
Northwest Colorado hosted a two day workshop in 
Meeker, Colorado to assess the status of western oil 
shale development. This meeting, which was attended 
by approximately 60 people, representing federal, 
state and local governments and private industry, 
resulted in the formation of the Oil Shale Action 
Committee. This Committee was charged with the 
responsibility of developing a recommended plan of 
action for federal sponsorship of western oil shale 
development. 

In the process of designing this plan of action for 
western oil shale development, the Committee sought 
and received the benefit of opinions and ideas 
expressed by government officials, university research-
am and by private Industry in Colorado, Utah and 
;vyo'nthg. As a result of these numerous discussions, 
a certain consensus of opinion appeared to consist of 
the following: 

The current lack of interest in oil shale 
development should not be viewed as a con-
demnation of the vital role oil shale must 
play in insuring our nation's future energy and 
military security. Rather, the current lack of 
interest represents a reaction, on the part of 
both Industry and government, to the current 
eonoinic risks of oil shale development as a 
result of the recent decline in conventional 
crude oil prices. 

The need for alternative forms of domestically 
controllable supplies of liquid hydrocarbons, 
particularly shale oil, to replace the now irre-
versible decline in domestic reserves of con-
ventional oil is increasing. Accordingly, sig- 
nificant levels of production from these alter-
native sources will become critical by the mid 
to late 1990's. 

- It is estimated that 10 to 15 years would be 
required to reach significant levels of com-
mercial production from oil shale. Accord-
ingly, the lead times required to plan, capital-
ize, and construct this Industry are long and 
clearly overlap the time frame of need. 

- If not reversed now, the recent and current 
retreat from oil shale development by both 
industry and government will preclude our 
nation's ability to mobilize the financial and 
human resources required to meet the increas-
ing need for shale oil. 

While the government should continue its sup-
port of basic research on advanced concepts 
for tar sands and for eastern oil shale, the 
time frame of need versus the lead time 
required to develop commercially significant 
levels of shale oil dictates a return to a

higher national priority for western oil shale 
development. 

In contrast to the diverse, basic research 
program which characterizes the federal 
government's current support of eastern shale, 
federal assistance for western shale should be 
sharply focused on projects and programs 
specifically designed to improve the near-term 
commercial economics of western oil shale 
development. 

A sustained and Initially modest program of 
federal support for western oil shale develop-
ment is warranted and preferred in contrast 
to the crisis oriented programs of the past. 

Within the framework of the above consensus of 
opinion, the Committee designed a recommended plan 
of action for western oil shale development. This 
plan consists of two principal programmatic areas of 
activity: (1) the development of a generic test 
facility to accommodate engineering, or commercial 
demonstration scale testing of several technologies 
and (2) the conduct of a companion and parallel 
program specifically to enhance the near-term 
economic competitiveness of shale oil as a substitute 
for foreign oil. 

The Committee believes that a return to the en-
gineering scale testing of selected advanced oil shale 
technologies is warranted and worthy of support by 
the federal government. Furthermore, the Committee 
believes that the concept of a generic test facility, 
providing common support and services to a number 
of such engineering scale demonstrations, has con-
siderable merit. 

In terms of its benefit to commercial oil shale 
development, the establishment and use of a generic 
test facility would provide a cost effective means by 
which a number of existing and promising oil shale 
technologies, both surface and in situ, could be tested 
at a commercially representative scale. As such, in-
formation not otherwise obtainable from bench or 
pilot plant scale experiments, and Information which 
Is critically needed to properly define the technologi-
cal and economic risks associated with expansion to 
full-scale levels of commercial production, would be 
obtained. 

In addition, the establishment of a generic test 
facility will promote a more effective means by 
which to manage the environmental impacts associated 
with commercial levels of shale oil production. In 
this regard, the Committee believes that It is con-
siderably more prudent to assess potential environmen-
tal impacts at a more modest scale, where research 
and the gaining of knowledge are the principal objec-
tives, than to do so at commercial levels of produc-
tion, where maximizing production and profit are the 
principal objectives. 
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In summary, the establishment of a generic oil shale 
test facility and the information gained from its use 
will serve to promote a more technologically sound, 
economically viable and environmentally safe oil shale 
Industry. 

Accordingly, the Committee recommends that, in 
response to its previous request to the Department of 
Energy to examine the feasibility of a generic oil 
shale test facility, the Congress direct and fund a 
study, estimated to cost $2 million, to advance and to 
better define this concept. 

SENATOR WIRTH PULLS FOR OIL SHALE RE-
SEARCH FACILITY 

Timothy Wirth, Democratic United States Senator 
from Colorado, issued the following statement of sup-
port for the concept of a federal oil shale research 
center to be located in Colorado: 

Long lines at the gas pump and crippling inflation 
fueled by soaring oil prices - unpleasant memories of 
the 1970's - could return soon. An oil shale research 
and development center in Colorado could be a solid 
step toward helping the nation solve its future energy 
problems. 

The United States Is very close to becoming as de-
pendent on foreign suppliers as we were during the 
Arab oil embargo of 1974. Further, petroleum costs 
could soar above the records set in the last decade, 
once again triggering a world recession. Needless to 
say, the current turbulence in the Middle East figures 
greatly in this. That is what experts warned 
repeatedly before recent hearing of the Senate Energy 
and Natural Resources Committee, of which I am a 
member. 

We are seeing a dramatic increase in Americans' con-
sumption of oil for the first time since 1900. 
Meanwhile, the country is relying more heavily on Im-
ports. half of the oil that Americans will use in 
1900 will come from abroad, exceeding our depen-
dence on foreign suppliers at the height of the oil 
crisis in the late 1970's, some analysts project. 
Meanwhile,	 exploration and production of energy 
resources In the United States has stagnated. 

These changes have had a devastating impact on 
Colorado's economy - both on the Western Slope and 
the Front Range. Employment in the oil and gas in-
dustry has plummeted, and exploration for new sup-
plies in the state is near a standstill. 

We must turn these dangerous trends around. First, 
we must strengthen and expand the conservation 
programs that were launched in the 1970's, programs 
that significantly reduced America's energy needs. 
Second, we must get the oil and gas industry back on 
its feet. Third, we must promote research and 
development on alternative energy supplies.

Experimenting with Colorado's oil shale resources must 
be part of our nation's efforts. The Piceance Creek 
Basin contains the thickest and richest oil shale 
deposits in the nation. In the Western states, such 
reserves are equivalent to 1.8 trillion barrels of oil, 
enough to supply America's current oil demand for 
more than 200 years. 

A recent study by the United States Department of 
Energy supports the feasibility of starting one or two 
oil shale research centers. The study pointed out 
that oil shale technologies now require enormous 
amounts of money just to get the facilities built and 
running. As a result, shale oil is not competitive 
today and will not be until oil prices Increase sig-
nificantly. But "capital and operating cost advantages 
give shale oil the potential of being the first syn-
thetic liquid fuel to be competitively commercialized', 
the report says. 

These are reasons why the United States needs to do 
more research into the technologies for mining and 
processing the shale. We need to learn more about 
reducing these costs while improving the grade of 
crude oil produced. 

We also know that there are a wide range of en-
vironmental problems that have lever been fully 
addressed. For example, can we control ground water 
pollution, or even find a way to process the shale 
without generating heavy-metals pollution? 

Further research is essential to making shale oil a t-
able alternative energy source. One way of doing the 
necessary research would be to establish a cooperative 
venture between government, private industry and 
universities. Industry would benefit by gaining tech-
nologies with less financial risk. Colorado would gain 
jobs and attract entrepreneurs who want to reap the 
technological spin-offs. And the country would fur-
ther technological advancements in alternative energy 
while developing self-sufficiency. 

We should try to establish an oil shale research 
facility In Colorado. 	 The state's resources are the 
richest and finest. The state also has had a great 
deal of experience in forging partnerships among con-
ponies, communities and governments. The Colorado 
Advanced Technology Institute is one good example. 

Oil shale is a resource we cannot continue to Ignore. 
I will be working to put together the kind of coopera-
tive program -- with Colorado's universities and in-
dustries and the federal government -- that is needed 
to answer the technological and environmental 
problems that have to be solved to put this resource 
to work.
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TECHNOLOGY 

HYDROPEROXIDES MAY BE PROBLEM IN SHALE 
JET FUEL 

A potential problem with shale-oil-derived military jet 
fuel was reported to the American Chemical Society 
meeting in Denver in April. A paper by 
J. M. Watkins, G. W. Mushrush and R. N. Hazlett for 
the Naval Research Laboratory explains that 
hydroperoxides in jet fuels attack the elastomers in 
aircraft fuel systems causing leaks or disabling of fuel 
controls. Problems have been associated with Jet A, 
JP-4, and JP-5 jet fuels. The first reported incidents 
occurred with Jet A in Japan in 1962 when fuel hoses 
of neoprene or nitrile rubber cracked and leaked. In 
1976 the United States Navy experienced attack on 
neoprene fuel pump diaphragms on jets operating in 
the Philippines. More recent problems have been en-
countered in Thailand with JP-4 when Buna-N 0-rings 
cracked and leaks from fuel pumps occurred. All in-
cidents involved fuels which had been hydrotreated 
and had peroxide levels from one to eight mil 
liequivalents of active oxygen per kilogram of fuel 
(peroxide number, P.N.). 

Significantly higher peroxide concentrations have been 
found in fuels which have been severely hydrotreated. 
The United States Navy is concerned because of in-
creasing hydrogenation used for jet fuel processing. 
In addition, shale-derived fuel production will involve 
even more extensive and higher pressure hydrotreat-
ment. 

Sulfur compounds in lubricating oils are known to act 
as antioxidants by decomposing peroxides. It is 
believed that hydrogenation is responsible for remov-
ing natural inhibitors, including sulfur compounds, to 
peroxide formation. 

Ilydroperoxide concentration has been found to be a 
factor in fuel degradation. Although slight thermal 
degradation is found to occur in nonoxidizing atmos-
pheres, the presence of oxygen or active species such 
as hydroperoxides will greatly accelerate oxidative 
degradation as well as significantly lower the tezn-
peruture at which undesirable changes in fuel take 
place. 

Several solutions to the problem of fuel peroxidation 
have been suggested. 	 Antioxidants have been man-
dated	 by	 some	 authorities,	 particularly	 for 
hydrotrcated fuels. Viton elastomers and other 
materials have been proposed as replacement 
materials but their low temperature properties make 
them marginal for aircraft use. Clay filtration has 
been suggested as a means for field removal of 
hydroperoxides but this treatment has been found to 
be too expensive. Although hindered phenols have 
given satisfactory peroxide control, those phenols 
which are permitted in the jet fuel specifications 
were developed for gum control in gasoline. Their 
effectiveness for peroxide control was found to be 
marginal, depending on structure.

Sulfur Is the most abundant heteroatom present in jet 
fuels (up to 0.4 percent allowed by specifications). 
Deposits formed in jet fuel in the presence of oxygen 
contain a higher percentage of sulfur than that 
present in the fuel itself. The formation of these 
deposits has been attributed to the participation of 
sulfides, disulfides, and thiols (mercaptans). Examina-
tion of the reactions between both alkyl and aromatic 
thiols with tert-butylpero,dde have indicated that 
aromatic thiols are more reactive than other classes 
of sulfur compounds with hydroperoxides. 

The American Chemical Society paper reported on 
hydroperoxide formation In hydrotreated fl-S jet fuels 
at various temperatures, in both the presence and ab-
sence of antioxidants. The results of using thiophenol 
as a model dopant and its effect on peroxide forma-
tion were also reported. 

Hydroperoxide Formation 

The fuels examined for the temperature effects study 
included a shale JP-S with antioxidant, a hydrotrented 
petroleum JP-5 with and without antioxidant, and a 
petroleum JP-4 without antioxidant. 

The peroxide numbers for the different temperatures 
are listed in Table 1. The data reveal appreciable 
variation in peroxide number as a function of time, 
temperature and fuel. With the two fuels containing 
antioxidants, results at the lower temperatures were 
quite different from results at the higher tempera-
tures, and therefore not predictable from the higher 
temperature test. 

The hydrotreated JP-5 without antioxidant produces 
peroxide at a linear rate with respect to time for the 
initial portion of the tests. 

Shale-U fl-S containing an antioxidant behaves quite 
differently. The most probable explanation for the 
difference is the depletion with time of the an-
tioxidant. The rate of peroxidatlon was not predict-
able from the time factors. 

Effect of Sulfur 

A 65 0 C stress test was chosen for the sulfur con-
centration study. Added thiophene concentrations of 
0.10 and 0.05 percent sulfur were used. The data for 
these tests for the shale fuel are represented in 
Tables 2 and 3 respectively. 

For both sulfur concentrations, the control samples, 
fuel only, exhibited similar behavior. Differences in 
actual peroxide numbers between the two tests could 
be attributed to thermostatic differences in the ovens 
that were used. 

The most important aspect of both sets of data was 
that the samples doped with sulfur in the form of 
thiophenol did not undergo peroxidation as rapidly as 
the fuel by itself.	 In fact, thiophenol addition 
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TABLE 2 

SHALE JET FUEL
PXIDATHI4 AT 650C

WITH AIIW ThIOPHflAt 
(0.10% Sulfur Dopant) 

Week	 Control	 Doped 

0	 0.25	 0.25 
1	 0.24	 0.00 

- 2	 0.31	 0.00 
3	 0.37	 0.00 

TABLE 1 4	 0.61	 1.29 
5	 0.48	 0.97 

PEI)X1DATHY4 IN JET FUEL 
AT VARIOUS T&PUtATUEES

Peroxide 
Number 
at	 168 
Equiv eliminated 110011 present In starting samples in most 

Ten-p. Time nient tests, and after the first week in the other tests. 
Fuel °C Factor Hours

The sulfur concentration of the samples was found to 
She to 43 30:1 2.66 decrease	 throughout	 the	 tests	 (Figure	 1).	 Since 
JP-5 with A.O.	 65 10:1 8.69 aromatic thiols are quite reactive In the presence of 

80 4:1 1.48 peroxides,	 the thiophenol	 most likely undergoes o,dda-
100 1:1 0.96 tion by the peroxide species. 

Petroleum 43 30:1 133 The authors conclude thiophenol has been found to act 
JP-5 65 10:1 198 as an inhibitor or controller of peroxide formation and 
No A.O. 'JO 4:1 78.9 that	 hydrotreated	 jet	 fuels	 exhibit	 higher	 peroxide 

100 1:1 61.5 formation	 and	 concentration	 than	 other	 fuels. 
Ilydrotreatment	 reduces	 the	 sulfur	 content	 of	 the 

Petroleum 43 30:1 0 fuel,	 which	 removes those naturally occurring sulfur 
JP-5 65 10:1 0.12 compounds which act as inhibitors to peroxide forms-
With A.O. 80 4:1 39.7 tion.	 There appeared to be a "critical concentration" 

100 1:1 42.9 of sulfur at which peroxide	 formation	 was	 inhibited. 
If	 the sulfur concentration 	 was	 decreased below	 this 

Petroleum 43 30:1 0.19 level peroxidation took place in an uncontrolled man-
JP-4 65 10:1 0.14 ner. 
No A.O. 80 4:1 0.30 

100 1:1 0.22 

A.0.	 = Antioxidant TABLE 3 

SHALE JET FUEL -
PFJ)X1DATIG4 AT 650C 

WITH ADDED ThIOPHflIOL 
(0.05% Sulfur Dopant) 

Week	 Control	 Doped 

0	 0.60 0.00 
1	 0.70 0.00 
2	 0.73 0.00 
3	 0.94 0.45 
4	 1.11 0.68 
5	 1.56 0.88
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It S It S 

AMOCO REVEALS NEW OIL SHALE BENEFICIATION 
METHOD 

A new technique for concentrating the kerogen in oil 
shale was reported by Amoco's J. U. FicCollum at the 
American Chemical Society Division of Petroleum 
Chemistry meeting in Denver, April 6. 

In the past, to undertake chemical studies of kerogen 
composition, techniques for concentration included: 

- UCI-IIF demineralization 

- Partial mineral removal by physical beneficia-
ties 

- Removal of carbonates by carbonic acid 

- Removal of carbonates by dilute mineral acid 

These processes give beneficiated shales with Fischer 
assay oil yields in the range 40 to 60 gallons per ton 
(GPT) compared with 15 to 30	 OPT for feed shales. 
Even 60	 GPT material	 contains	 over 50 percent 
mineral and Is a dilute source compared with typical 
run-of-mine coats.

In order to prepare substantial quantities of highly 
concentrated kerogen, A moco explored alternate 
routes of HF demineralization out of a desire to 
avoid the toxicity and corrosive reactivity of that 
reagent. One route, digestion of raw shale With con-
centrated aqueous caustic at 150-170 0 C followed by 
extraction with mineral acid proved capable of 
producing kerogens with less than 10 percent mineral 
ash. The first step of this base-acid demineraliza-
tion procedure resembles the Bayer process for 
recovery of alumina and might be suitable for large 
scale chemical beneflciatlon of oil shales.

In related work, a molten caustic treatment of oil 
shale has been developed at TRW; the process 
employs much higher temperature (ca. 300 0 C) in the 
caustic step, but some chemistry is likely common 
with the Amoco process. Also, caustic-acid 
demineralization of coal and coal ash has been 
described	 with chemistry similar to the shale
processing. 

Caustic Extraction Results 

In the base-acid sequence, digestion of a rich shale 
(44 OPT, 72 percent ash) with caustic above 1500C 
removes a third of the silicon leaving a base residue 
of about 65 percent ash. Treatment of the residue 
with a mineral acid then removes most of the remain-
ing mineral matter. The resulting base-acid kerogen 
resembles that in raw shale but with an ash content 
comparable to that achieved by IlCl-HF demineraliza-
tion. 

Three shales, two rich (22-24 percent carbon) and one 
lean (11 percent carbon), were extracted. Effects of 
digestion conditions on the final acid-extracted 
product ash are shown in Table 1. Ash level in the 
product Is not strongly dependent upon shale grade, 
decreasing from 13 to 0 percent as grade rises from 
7 to 24 percent carbon. Increasing caustic concentra-
tion gives a lower ash product at 150 0 C, although at 
higher temperature (165 0 C) an ash minimum was 
found near 85 percent NaOH. Ash level also 
decreases slowly with digestion time. 

TABLE 1 

EFFECr OF BASE DIGESTION VARIABLES UFCI4 AI CURTINT 

OF BASE-MID OUNCENTRATE 

Sodium Wt% 
Shale Grade llydrox- Ash In 
(96 Organic Temper- Tim ide (wt% BA Con 
Carbon) ature (°C) (hr) !a .i!2! centrate 

7.0 150 4 50 13.0 
7.0 100 2 50 14.7 
7.0 100 4 70 5.5 
7.0 170 4 70 15.4 
7.0 170 16 70 12.2 

22.0 150 4 50 14.4 
22.0 170 16 85 9.2 
24.2 iso 4 25 26.5 
24.2 150 4 50 9.4 
24.2 100 4 70 7.4
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Aside from the NaOH consumed in dissolving silica 
and in converting alkaline carbonates to silicates, it 
was found that 80 percent of the caustic could be 
recovered. This confirmed early scouting experiments 
that caustic usage was about 0.8 grams per gram of 
shale for mahogany zone shales. 

Add Extraction 

Any dilute mineral acid serves to decompose and dis-
solve the remaining inorganic components of the caus-
tic digested shale. however, the salts must be easily 
soluble to leave a low ash kerogen product. Thus, 
sulfuric, nitric, hydrochloric and sulfurous acids all 
break up the aluminosilicates but sulfuric acid leaves 
calcium sulfate in the kerogen and is less suitable. 
Table 2 shows (for UC1) that to obtain minimum ash 
concentration in the product, elevated temperature 
and high acid concentration must be avoided. At 
these conditions, excessive ash in the concentrates 
results not from Incomplete dissolution of the shale 
minerals, but from polymerization of silicic acid to 
form silica gel, the product of acid decomposition of 
aluininosilleates. The excess Si0 2 can be removed by 
a second base wash to give again low ash con-
centrate.

TABLE 2 

EFFECT OF ACID EXTRACTION VARIABLES 
ON ASH LEVELS IN THE BASE-ACID 

UflflJItATE ASH 

IC I 
Cone.	 Temperature	 Wt% Ash in 
aol/I	 (°C)	 BA Concentrate 

0.1	 80	 66 
0.1	 22	 23 
1.0	 22	 21 

12	 22	 59

Kerogen Product Yield 

Recovery of organic matter by the Base-Acid process 
Is quite high. With care, 95 percent of the organic 
matter was recovered. The principal loss was in the 
filtration and washing step following base digestion. 
There Is little difference between yields using HCl or 
112503 in the extraction step. 

The mineral profile of shales used in this work was 
characteristic for Green River shales. The shales 
came from the M-7 and R-6 zones of Colorado 
Tract C-a. 

Low ash concentrate prepared by the base-acid proce-
dure Is a fine, tan powder, about five percent less 
than 35 micron and a bulk density of 0.3 grams per 
cubic centimeter. The concentrates contain about 
15 percent organic matter soluble in toluene (virgin 
bitumen), about the same as that in raw shale. 
Somewhat more bitumen can be removed with 
tetrahydrofuran or 20 percent methanol-toluene as 
non-polyrnerized asphaltene is extracted. 

Retorting behavior of the concentrates resembles that 
of the parent shale. The Fischer assay value listed in 
Table 3 shows the same ratio of oil yield to organic 
carbon as found in the shale feed. 

TABLE 3 

COMPARISON OF RIO! SHALE WITH
BASE-ACID CONCENTRATE 

BA Concentrate 
Sanple Rich Fran HCl 
Wt% Shale Extraction 

Ash 71.0 8.4 
Bitumen 2.8 13.6 
C 22.0 70.9 
H 2.9 8.9 
N 0.77 2.2 
S 1.1 2.1 

if /C 1.58 1.51 
N/C 0.030 0.026 

Aromatic C 

At,yn% 25.4 29.5 

Fisher Assay 

(gallon! 
ton) 44 142
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McCollum concludes that de mineralization of Green 
River shale by caustic digestion and subsequent acid 
extraction produces a low ash concentrate comparable 
to that from 1101-HF digestion. Although entailing 
complex chemistry, the processes are straight forward 
and the kerogen concentrate appears to give normal 
retorting yields. 

OCCIDENTAL PATENTS NEW APPROACH TO SHALE 
OIL UPGRADING 

United States Patent 4,623,444 issued to S. Che and 
A. Madgavkar, and assigned to Occidental Oil Shale 
Inc. presents an extraction-based method for reducing 
the nitrogen content of shale oil. 

Background of the Invention 

Conventionally, nitrogen removal from shale oil has 
been achieved by hydrogenation processes, extraction 
processes or a combination of both processes. 

In extraction processes, the - shale oil is contacted 
with an immiscible solvent capable of selectively ex-
tracting nitrogen-containing compounds. As illustra-
tive, United States Patent No. 4,272,361 discloses a 
method for reducing the nitrogen content of shale oil 
by contact with an aqueous solution selected from the 
group consisting of organic acids and substituted or-
ganic acids. 

Extraction processes are useful in extracting a portion 
of the nitrogen-containing compounds from shale oil. 
However, the selectivity of these processds is insuffi-
cient to reduce the nitrogen content to a level ac-
ceptable to conventional refining processes, such as 
catalytic eraccing, without also extracting a large 
portion of the non-nitrogen-containing compounds. 
This leads to a low oil recovery. 

In hydrogenation processes the shale oil is heated in 
the presence of hydrogen gas under extreme pressure. 
This results in a large consumption of hydrogen gas. 
For example, reduction of the nitrogen content of 
shale oil to about 500 ppm may require a partial 
hydrogen pressure of about 2,000 psi or more at a 
temperature of 790 0 F. Hydrogen consumption of 
about 2,500 standard cubic feet per barrel results. 

Combination processes including chemical extraction 
and hydrogenation processes have also been disclosed. 
The object of these processes is to provide a method 
for reducing the hydrogen consumption. For example, 
in United States Patent No. 4,159,940 there is dis-
closed a process wherein a high nitrogen shale oil is 
contacted with an acid selected from the group con-
sisting of sulfuric, phosphoric and hydrochloric acids 
to produce a first phase low in nitrogen and a second 
phase high in nitrogen. The second phase then un-
dergoes severe hydrotreating and the first phase un-
dergoes mild hydrotreating.

United States Patent No. 4,287,051 discloses a process 
wherein a high nitrogen feed oil is separated into a 
first portion and a remaining highly viscous portion. 
Nitrogen compounds are extracted from the first por-
tion with an acid solvent to produce a low nitrogen 
raffinate and a high nitrogen extract. The acid sol-
vent Is then recovered from the extract to produce a 
high nitrogen extract oil. The highly viscous portion 
and the high nitrogen extract oil are partially 
oxidized to produce hydrogen which is used to mildly 
hydrotreat the low nitrogen raffinate. 

These combination processes demonstrate an attempt 
to reduce the hydrogen consumption of hydrotreating 
shale oil by incorporating a liquid extraction step. 
However, to maximize oil recovery, both the low 
nitrogen phase and the high nitrogen phase resulting 
from the extraction must be hydrotreated. This 
results in separate hydrotreating which is expensive. 
The alternative is to not hydrotreat the second 
nitrogen phase. However, this reduces oil recovery. 

Summary of the Invention 

The process consists of first distilling a shale oil off 
the lighter fractions. The distillate is collected in a 
select number of fractions. The unvaporized portion 
of the shale oil forms a residue or bottoms. 

Each fraction of distillate is passed to n separate ex-
traction zone where each is contacted with an extrac-
tion agent capable of selectively extracting lighter 
nitrogen-containing compounds. The extraction agents 
are aqueous solutions containing an organic acid sol-
vent. 

Each raffinate Is then separated from the formed ex-
tract. The nitrogen content of at least one such mi-
finate Is sufficiently low that it can undergo further 
processing by a conventional petroleum refining 
process without the need for further nitrogen reduc-
tion. 

The nitrogen-rich extracts are treated to recover the 
extraction agent. When an organic acid solvent is 
used as the extraction agent, the nitrogen-rich ex-
tracts are heated to vaporize the solvent. The un-
vaporized portion of the extract forms a nitrogen-rich 
extract oil. 

The bottoms of the distillation is passed to another 
extraction zone and contacted with a separate extrac-
tion agent capable of selectively extracting heavy 
nitrogen-containing compounds for the bottoms. The 
extraction agent for the bottoms is also an aqueous 
solution containing an organic acid solvent. 

The nitrogen-lean raffinate formed from the bottoms 
plus any raffinate produced from a distillate fraction 
having a nitrogen content too high to be passed to a 
conventional crude petroleum refining process can be 
passed to hydrotreatirig zones and mildly hydrotreated 
to further reduce the nitrogen level. The 
hydrotreated raffinates can then be combined with the 
distillate raffinates not requiring hydrotreating. 
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Heavier shale oil compounds, both those which contain 
nitrogen and those which do not, form a residue or 
bottoms 16. 

The nitrogen-enriched extract formed from the bot-
toms is also treated to recover the extraction agent 
and form a nitrogen-rich extract oil. 

Nitrogen-containing compounds are present in most 
crude or processed shale oils in a broad distribution 
according to their boiling points. It has been found 
that when certain crude or processed shale oil feeds 
are distilled into a select number of generally equal 
distillate fractions, the nitrogen content of each frac-
tion is roughly about the same. For other shale oil 
feeds, the nitrogen content of fractions containing 
heavier shale oil compounds tends to be greater than 
fractions containing lighter shale oil compounds. 

It has also been found that in a chemical extraction 
process, lighter nitrogen-containing compounds, having 
lower boiling points, are selectively extracted to a 
greater extent than heavier nitrogen-containing com-
pounds which have higher boiling points. The nitrogen 
content of lower boiling point shale oil fractions is 
reduced by such a chemical extraction to a greater 
extent than the nitrogen content of higher boiling 
point shale oil fractions. 

Detailed Description of the Invention 

As seen In Figure 1, shale oil is first introduced to a 
distillation zone 12. The vaporized portion containing 
lighter shale oil compounds is condensed to form a 
distillate 14.

The temperature of the distillation is selected to 
produce a distillate which can be solvent extracted to 
generate a nitrogen lean raffinate which has a 
nitrogen content sufficiently low that It can undergo 
further processing in a conventional crude petroleum 
process. 

Generally the nitrogen content of crude petroleum 
does not exceed about 3,000 ppm. The temperature 
of the distillation, then, is selected to produce a dis-
tillate that is capable of having Its nitrogen content 
reduced by a chemical extraction to no more than 
about 3,000 ppm. 

The temperature selected will depend on the nitrogen 
content of the shale oil feed, the relative amounts of 
lighter and heavier nitrogen-containing compounds and 
the selectivity of the extraction agent. 

After the distillate is collected, it is passed, either as 
a continuous stream or in separate portions to an ex-
traction zone containing an Immiscible solvent, con-
taining water and an organic acid, which has a high 
selectivity for extracting nitrogen-containing com-
pounds. 

FIGURE 1 

OCCIDENTAL COMBINED DISTILLATION-EXTRACTION PROCESS 

CONDENSER
EXTRACTION 

SOLVENT	 LOW NITROGEN RAFFINATE 

12	 23 20 4DISTILLATION	 X 
SHALE K3

4	 44 
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It Is preferred that the extraction agent contain an 
organic acid because solvents comprising Inorganic 
acids or salts have a greater tendency to form emul-
sions with shale oil and therefore require longer 
separation times. The presently preferred organic 
acids are acetic acid and formic add. 

The amount of water mixed with the organic add is 
in the range from about 10 percent to about 
30 percent, depending on the acid selected. A small 
amount of water, I.e., a high concentration of the or-
ganic acid, results in a high capacity for extracting 
and retaining nitrogen-containing compounds but also 
results in a loss of selectivity and increases the ex-
traction of non-nitrogen-containing compounds. A 
large amount of water, i.e., a low organic add con-
centration, results in high selectivity for extracting 
only nitrogen-containing compounds, but results in an 
Insufficient reduction of the nitrogen content of the 
shale oil. 

The concentration of the organic acid is adjusted to 
produce a raffinate which contains less than 
3,000 ppm of elemental nitrogen and preferably less 
than about 2,000 ppm nitrogen. 

The distillate extraction can be conducted as a batch 
extraction as shown in Figure 1. In such a batch ex-
traction, the immiscible solvent and the shale oil dis-
tillate are introduced to the mixer settler 20. 
Average residence time in the mixing stage is 
generally from about two to about three minutes. 
Following mixing, about 15 to GO minutes Is generally 
required for settling of the lower solvent phase 23 
from the upper shale oil phase 24. The upper shale 
oil phase forms the low-nitrogen-content raffinate and 
Is separated by decanting. 

Successive extractions can be used to further reduce 
the nitrogen content of the raffinate from the shale 
oil distillate. Alternatively, nitrogen-containing com-
pounds can be removed from the shale oil distillate in 
the first extraction zone by a continuous extraction 
process. 

The unvnporized portion of the shale oil feed remain-
ing in the distillation zone forms a residue or bottoms 
16 which contains heavier shale oil compounds. The 
bottoms Is passed to a second extractor 37 containing 
a second extraction agent which Is capable of extract-
ing nitrogen-containing compounds from the bottoms. 

The concentration of the organic acid in the second 
immiscible solvent Is maintained at a level which 
provides the optimum combination of nitrogen removal 
and oil recovery, i.e., recovery of non-nitrogen-
containing compounds. 

The bottoms extraction can also be conducted as a 
batch extraction, as shown, or in a continuous extrac- 
tion process. In a batch extraction, the second in-
miscible solvent Is introduced by a line 31 to the 
second mixer settler 37. Following mixing and set 
thing, the lower solvent phase 34 is separated from 
the upper shale oil phase 35.

The products of the bottoms extraction comprise a 
second shale oil raffinate having a reduced nitrogen 
content and a second nitrogen-rich extract 34. 

The first high-nitrogen extract 23 from the first ex-
traction zone includes nitrogen-containing compounds 
and the immiscible solvent. The organic acid coin 
ponent of the solvent is recovered by passing the ex-
tract to a solvent recovery zone 37. The extract is 
heated sufficiently to vaporize the organic component 
which is then condensed and recovered as a solvent 
condensate 39. Nitrogen-containing compounds and 
other extracted shale oil compounds remain as an un 
vaporized residue 42. 

Likewise, in a similar process, the organic acid com-
ponent of the second immiscible solvent is recovered 
by passing the high-nitrogen extract to a second sol-
vent recovery zone 44. The extract is heated suffi-
ciently to vaporize the organic component which is 
then condensed and recovered as the second solvent 
condensate 47. Nitrogen-containing compounds and 
other extracted shale oil compounds remain as a 
second unvaporized residue 49. 

The combined first and second high-nitrogen residue 
oil can be treated to reduce its nitrogen content. 
Alternatively, it can be used as a feedstock for 
hydrogen gas generation. Or, because of its high 
nitrogen content, it can be used in the production of 
nitrogen compounds and various chemical inter-
mediates containing nitrogen. Such a high-nitrogen 
extract oil can also be used as an asphalt, which 
provides good adhesive properties because of its 
nitrogen content and ability to crosslink through 
nitrogen. 

The second raffinate, 35 generally has a nitrogen con-
tent too high to be passed directly to conventional 
crude petroleum refining for further processing. It is 
therefore Introduced to a guard bed 53 in which 
arsenic-containing compounds are removed in the 
presence of hydrogen and then to a hydrotreating 
zone 56 in which It undergoes a mild hydrotreatment 
to further reduce its nitrogen content. 

The preceding description shows an embodiment in 
which the distillate is collected in a single fraction. 
The distillation can also be carried out to yield a 
select number of consecutively collected separate dis-
tillate fractions. The advantage of generating a 
select number of distillate fractions is that each frac-
tion comprises hydrocarbon compounds generally within 
different molecular weight ranges. The extracting 
agent used in each subsequent' chemical extraction can 
be selected or tailored to optimize Its selectivity for 
the nitrogen-containing compounds within the specific 
molecular weight range. 

The invention has the striking advantage that the 
nitrogen content of a portion of the shale oil feed 
can be reduced sufficiently to enable that portion to 
undergo further processing by a conventional crude 
petroleum refining process without the necessity for 
that portion to undergo a costly hydrogenation. The 
invention enhances the selectivity and effectiveness of 
conventional extraction processes. 	 In a conventional 
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extraction process the solubility of nitrogen-containing 
compounds in the immiscible solvent tends to be sig-
nificantly greater than the solubility of non-nitrogen-
containing compounds. However, the solubility of all 
shale oil compounds in such a solvent tends to 
decrease as the molecular weight of such compounds 
Increases and will approach the solubility level of the 
lighter non-nitrogen-containing compounds. 

Thus, when a shale oil feed is contacted with such a 
solvent, lighter nitrogen-containing compounds are ex-
tracted at the most rapid rate. As the concentration 
of lighter nitrogen-containing compounds In the shale 
oil diminishes, the selectivity of the extraction agent 
also diminishes because the solubility of the remaining 
heavier nitrogen-containing compounds approaches that 
of the lighter non-nitrogeircontaining compounds. 

Dividing the shale oil into fractions according to boil-
ing point reduces the competing solubilizatlon of ligh-
ter non-nitrogen-containing compounds and heavier 
nitrogen-containing compounds. 

it It # It 

LLNL RUNS EASTERN OIL SHALE IN CASCADING 
BED RETORT SYSTEM 

Over the past several years Lawrence Livermore Na-
tional Laboratory (LLNL) has operated a two ton per 
day pilot-scale solid-recycle system for the study of 
oil shale retorting under rapid-pyrolysis conditions. 
Results of processing eastern United States New Al-
bany oil shale were recently presented and compared 
with results obtained previously using two western 
United States Green River oil shales. 

The Livermore cascading-bed solid-recycle process is 
shown conceptually in Figure 1. In this process, raw 
shale from the feed hopper and hot shale from the 
cascading burner enter the mixer, where they are 
rapidly mixed in a series of alternating chutes. From 
the mixer the solid flows into the pyrolyzer where it 
is held for several minutes at approximately 5000C, 
allowing complete decomposition of the kerogen. 
Gases and oil vapor are removed through vents with 
the exiting solid introduced into a short lift pipe that 
transports it to the top of the cascading burner. 
Combustion of the residual char begins in the lift 
pipe and continues in the burner, as the solid tumbles 
through a series of alternating chutes, providing the 
residence time required for combustion to the final 
desired temperature. The final temperature is Con-
trolled by adjusting the lateral flow of air across the 
burner. 

Retorting Results 

Table 1 summarizes run conditions and results for 
processing eastern New Albany 13 gallons per ton 
(gpt) oil shale. These results are compared with two 
western United States shale runs, one using an Oc-
cidental 15 gpt shale and the other using an Anvil 
Points 24 gpt shale. For the western shales, the raw 
feed was preheated prior to start-up to drive off free

water. For the New Albany shale, which is suscep-
tible to low temperature oxidation, the preheating 
step was omitted. In the table, average gas flows 
and solid temperatures are reported along with oil 
yield and properties. 

As shown in Figure 2, the distribution of organic 
carbon for the three runs differs by shale type. Un-
der normal Fischer Assay conditions, raw shale 
kerogen is converted into oil, gas and residual carbon 
in the spent shale. LLNL compared their results to 
Fischer Assay on the basis of oil yield and also on 
the basis of the fraction of raw shale organic carbon 
left in retorted shale. They calculated the fraction 
of raw shale carbon left in shale as the sum of or-
ganic carbon in solids exiting the system and organic 
carbon burned in the combustor. In the case of Anvil 
Points shale (6-12) and New Albany shale (G-26), the 
residual carbon is 23 and 54 percent, respectively. 
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TABLE 1 

SUMMARY OF LUlL RUN CONDITIONS AND RESULTS FOR THREE SHALES
[(Occidental 15 OPT (0-8), Anvil Points 24 OPT (0-12)

and New Albany 13 OPT (G-26)] 

Run Number 
8 0-12 0-26 

Steady State Tim (mm) 20 25 38 

Raw Feed Rate (gm/min) 1071 762 591 
Rot/Raw Ratio 3.8 4.2 4.9 
Shale Residence Tim (min) 3.2 4.1 4.7 

Sweep Gas Type N2 N2 N2 
Injection Ports Used 6 15 1-5 
Sweep Gas Rate (Sbus) 18 27 20 

Air Lift Rate	 (510115) 97 113 115 
Combustor Rate (5101/5) 153 217 162 
Nitrogen Lift Rate	 (nf'bol/s) 108 107 116 

Raw Feed Temperature (C) 96 90 19 
Recycled Shale Tenperature (C) 634 660 604 
Retort Temperature (C) 493 507 522 

Oil Yield (% Raw Organic Carbon) 55 60 40 
Oil Yield (% Fisher Assay Yield) 04 103 101 

Oil Properties
83.7 84.7 82.0 

9611 10.6 11.1 10.7 
tiN 1.5 1.6 1.0 

0.4 0.6 1.8 
fl/C Molar Ratio 1.52 1.57 1.55 
Density 0.9033 0.8782

This is nearly the same as when these shales are 
retorted by Fischer Assay. however, for the Oc-
cidental shale 26 percent of the raw shale organic 
carbon was required as fuel In the combustor, and 
10 percent was discharged with the spent solids, for a 
total of 36 percent of the raw shale carbon, coin-
pared with 24 percent found in spent shale from Fis-
cher Assay. The Anvil Points and New Albany shales 
produced oil at Fischer Assay yield, whereas 
34 percent of Fischer Assay was obtained for the Oc-
cidental shale. 

Based on the cinetics of kerogen pyrolysis, LLNL does 
not believe the excess carbon found in the combustor 
and spent shale discharge for the Occidental run 
resulted from incomplete pyrolysis (at the time and 
temperature used). The reason for this excess carbon 
and the corresponding yield loss is still unknown. The 
Occidental shale Is relatively lean. Thus, less oil 
vapor was generated, and the time available for con-
tact between vapors and solid shale was proportionally

longer, increasing the chances for cracking and coke 
formation. Perhaps the low grade, which leads to 
complete oxidation of the spent shale, produces a 
burned shale that is more reactive in cracking oil to 
coke. Results of laboratory studies have shown C-mt 
substantial yield loss and coke deposition can occur 
v,hen shale oil vapor is passed through beds of hot-
retorted shale. 

Laboratory fluidized bed experiments have produced 
yields exceeding Fischer Assay for both western and 
eastern shales. In the current study, no excess yield 
was observed. Comparison of the distillation curve 
for New Albany shale oil collected in these experi-
ments versus that obtained from Fischer Assay shows 
a clear shift to medium and lighter boiling fractions. 
In contrast, experiments reporting enhanced oil yield 
produced more heavy oil fractions than Fischer Assay. 
It appears that the high product sweep and inert 
solids (sand) in the laboratory experiments allow col-
lection of heavy, unstable oils, which normally decom 
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pose to lighter oil and coke. In the gravity-bed 
retort, unstable oils are not recovered due to the in-
teraction with recycled shale, leading to conversion to 
lighter fractions and coke formation. 

Oil Cracking Studies 

The chemistry of oil cracking In the presence of hot-
recycled-solid is presently poorly understood. C rack-
ing kinetics may be related to the gaseous environ-
ment and perhaps to the nature of the solid phase as 
well. Research Is oil-going In this area to differen-
tiate between gas phase and surface cracking 
mechanisms, quantify the reaction products (light oils, 
gas and coke), clarify the role of contact time, solid 
temperature, and mineralogy, and to investigate the 
potential of recycle-gas to inhibit oil degradation 
reactions. 

Oil cracking and coking are being studied in 
laboratory experiments in which oil vapor Is passed 
through a packed bed of sand or oxidized shale at 
various temperatures. 

In one set of preliminary experiments, oil vapors 
direct from a Fischer Assay were passed for two to 
four seconds through a second reactor packed with 
oxidized western United States shale at 610 0 C. Of 
the organic carbon entering the second reactor, ap-
proximately 30 percent was cracked to light gas and 
approximately 10 percent was coked. 

In a continuing study, liquid oil is volatilized and 
mixed with a carrier gas and then injected Into the 
packed bed. Results for Australian Condor shale oil 
indicate a 28 percent oil loss in 20 seconds at 6000C 
with sand packing, with - the primary product being 
light gases and not much coke. This is consistent 
with LLNL's interpretation of volumetric gas phase

cracking. When Condor shale ash Is used as the pack-
ing, the same oil under the same conditions shows a 
70 percent loss with coke being the primary product. 
This result Indicates that the Condor shale ash con-
tains active surfaces which promote additional oil 
cracking and alter the primary products formed. 

BUREAU OF MINES STUDIES EXPLOSIBILITY OF OIL 
SHALE DUST 

The United States Bureau of Mines Research Summary 
for 1086 presents some results on the explosibility of 
oil shale dust. 

In connection with an investigation of secondary ex-
plosion hazards In metal and nonmetal mines, the lean 
limits of flammability and other explosibility 
properties of oil shale and sulfide ore dusts were 
evaluated in the Bureaus 20-liter explosibility test 
chamber. Maximum explosion pressures were deter-
mined as a function of dust concentration for rich-and 
medium-grade Green River oil shale dust, and for sul-
fide ore dust. The measured lean limit of flam-
mability was 120 grams per cubic meter for the rich-
grade oil shale, 250 grains per cubic meter for the 
medium-grade oil shale, and 600 grams per cubic 
meter for the sulfide ore dust (Figure 1). These 
flammability data are in good agreement with data 
from full-scale explosion tests performed in the 
Bruceton Experimental Mine. In addition, spontaneous 
autoignition temperatures of the dusts were measured 
in the Bureau's 1.2-liter furnace. The values for the 
oil shale dusts are nearly independent of grade In the 
4750 to 500 0 C range.	 The spontaneous autoignition
value for the sulfide ore was 5500C. 

In practical mining situations, the main concern with 
the sulfide ore Is the possibility of secondary explo-
sions from dust generated during the large blasting 
operations in metal sulfide ore mining. Under a 
cooperative agreement with the Canadian Centre for 
Mineral and Energy Technology, sulfide ore dust was 
effectively inerted in the 20-liter chamber at a rock 
dust content of 20 percent. Full-scale mine tests are 
planned to verify this inerting level. 

Similar concern In oil shale mining involves the pos-
sibility of secondary explosions during blasting opera-
tions, especially In those instances where the methane 
content of the deposit is significant. This concern is 
based on laboratory and mine studies conducted under 
a cooperative agreement with the Colorado Mining 
Association, whereby the presence of methane 
markedly increased the explosibility of the oil shale 
dusts. Recent field studies conducted during full-
scale blasting operations at two large oil shale mines 
indicate that the amount of dust generated is nor-
mally well below that necessary for self-sustained, 
secondary explosions except in the presence of 
methane.

SYNThETIC FUELS REPORT, JUNE 1987 
2-18 



FIGURE 1 

MAXIMUM EXPLOSION 
PRESSURES AS A FUNCTION 
OF DUST CONCENTRATION 

6.

KEY 
Oil stale (riO, gr,dt) 

0.-O Oil Shale (medium won) 
de ore 1 SudiZ et 

DUST CONC, 0Z flior kg 1m3 

SENEFICIATION/IIYDRORETORTING GIVES HIGH 
YIELDS FROM LOW-GRADE SHALES 

Under a United States Department of Energy research 
grant, the Mineral Resources Institute (MRI) of the 
University of Alabama and HYCRUDE Corporation 
have completed the first year of a three year joint 
study to determine the oil yields obtainable by MRI 
beneficlation plus HYTORT hydroretort processing of 
fourteen United States oil shales. The shales are 
classified as low or moderate grade by Fischer Assay. 
Nine of the samples studied to date are from Eastern 
shale formations and five are Western shales. Results 
were presented at the 1986 Eastern Oil Shale Sym-
posium in November. Fischer Assay oil yields of the 
raw shales ranged from a low of 0 gallons per ton to 
a high of about 21 gallons per ton. 

In the past, low yield oil shales were considered poor 
candidates for synthetic liquid fuel production, but 
developments in fine particle flotation and retorting 
technologies may alter the situation. 

M RI Benefletatlon Process 

The M RI beneficiation process involves wet grinding 
the raw shale to finer than 20 micrometers to unlock 
or free the kerogen-rich shale particles from the In-

organic mineral constituents. This Is essential be-
cause oil shales are fine-grained sedimentary rocks 
composed of discrete kerogen particles and barren 
mineral matter on the order of 10 micrometers or 
finer in diameter. The ground pulp Is subjected to 
froth flotation to recover a concentrate containing 
two to three times more kerogen and organic carbon 
than in the raw shale. 

The flotation reject (tailing) consisting of relatively 
kerogen-free inorganic matter, represents as much as 
three quarters of the feed and accounts for 
kerogen/carbon losses of 1015 percent. 

HYTORT Prorcests 

Hydroretorting the (HYTORT process) utilizes 
hydrogen-rich gas at a pressure of 1,000 pslg and a 
temperature of about 1,000 0 F to attain Improved ex-
traction of the oil. Reformed natural gas is the 
hydrogen source for the process and also is an in-
direct heat source for hydroretorting. Details of the 
HYTORT process are available in many previous ar-
ticles. 

Raw Shale Grade 

Fischer Assays and carbon contents of the samples 
tested are shown in Table 1. The Fischer Assay oil 
yields and organic carbon contents varied widely of-
fering a broad range of shales for testing the efficacy 
of the combined processes. 

The Alaska shale (MH-8) was a sample of questionable 
origin and probably Is not representative of a par-
ticular formation. The West Virginia shale sample 
0111-9) was devoid of oiL 

Beneficiatlon Procedure 

Each sample was rod mill ground at 40 percent solids, 
for periods of 30, 60, and 120 minutes to yield flota-
tion feed pulps of different size consists. Sedimenta-
tion sizing was conducted at 10, 	 20,	 and 
30 micrometers. Figure 1 shows the average sizing 
results as well as the sizing results of the most 
refractory and least refractory shales. 

Flotation testing of the ground pulps was done in a 
laboratory flotation cell. The ground slurries were 
conditioned at approximately 12.5 percent solids for 
5 minutes with 0.6 pounds of pine oil per ton of 
flotation feed. The combined rougher and scavenger 
concentrate was cleaned from 3 to 6 times, depending 
upon visual observation. Each cleaner stage used 
from 0.06 to 0.18 pounds of pine oil per ton of flota-
tion feed. 

Fischer Assay and total carbon, hydrogen, nitrogen 
and sulfur analysis of the cleaner concentrate, the 
combined middlings (cleaner tailings), and the rougher 
tailings were used to determine the response of the 
organic components to the flotation conditions. Typi-
cal test results on several of the shales are given In 
Figure 2. The test plots suggest that finer grinding, 
to minus 5 or 2 micrometers, would favor even better 
recovery of higher grade kerogcn concentrates. 
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TABLE 1 

FISQIflt ASSAY OIL YI ELDS AND CARBON CONTENTS 

Sample Oil Yield, % Total % Organic 

Number State	 Gal/Ton Carbon Carbon 

Mit-i Alabama (Chattanooga) 13.0 15.1 15.1 

M11-2 Kentucky (New Albany) 14.6 13.8 13.6 

MI1-3 Wyoming (Green River, 
Washakie Basin) 12.4 14.3 7.4 

Ml(4 Oklahoma (Woodford) 8.4 10.0 9.5 

Ml15 Ohio (Huron) 11.4 10.9 10.6 

MH-6 Ohio (Cleveland) 5.5 7.9 

M11-7 Montana (Heath) 4.2 12.1 4.4 

MlI-8 Alaska (Nation River) 5.1 6.9 4.6 

M11-9 West Virginia (Foreknobs)O.O 5.0 4.9 

MII-10 Indiana	 (Linton) 7,0 15.5 14.7 

Mifril Kentucky (Sunbury) 1016 10.9 19.8 

MIl-12 Michigan (Antrim) 10.2 9.1 9.1 

MH13 Colorado (Pierre-Sharon 
Springs) 5.0 7.5 7.5 

M11- 14 Colorado (Green River) 21.4 15.0 11.0

FIGURE 1 
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The researchers observed that Eastern and Central 
United States shales contain from 3 to 8 percent sul-
fur which is predominantly present as pyrite. During 
bulk flotation a substantial portion of the pyrite con-
centrated with the kerogen so that the flotation con-
centrates analyzed higher in sulfur than the raw 
shales. Preparation of low sulfur concentrates by 
selective flotation is to be attempted in the future. 

An anomaly was encountered in the Fischer Assay of 
finely ground oil shales. Data in Table 2 show a 
reduction in oil yield by Fischer Assay with increased 
fineness of grind regardless of the mode of grinding. 
As a general rule this same trend was found in most 
of the oil shale samples tested. To date this reduc-
tion in oil yield has not been explained satisfactorily.

Hydroretorting 

A minus 10 mesh sample from each shale was sub-
mitted to HYCRUDE for hydroretorting studies. In 
addition a sample of each concentrate was tested. 
Data in Table 3 show the Fischer Assay results for 
extraction by HYTORT processing. 

These data show that with the exception of those 
samples containing significant quantities of mineral 
carbonates and little or no fixed carbon (MH-7, Mit-B, 
and M1114), the HYTORT oil yields were greater than 
the Fischer Assay oil yields by a factor of 2 to 3.4. 

TABLE 2

EFFWF OF GRINDING (14 FLSUWR ASSAY OIL YIELDS 

Size Reduction Alabama (P411-i) Kentucky (MH-2) Wyaning 1411-3) 

Oil Oil Oil 
Method Size Yield Size Yield Size Yield 

Rolls-dry crushed minus 10 mesh 13.0 minus	 10 mesh 14.6 minus	 10 flEsh 12.4 
Illeuler Mill	 dry ground minus 200 mesh 11.5 minus 200 mesh 13.6 minus 200 zresh 11.6 
Pebble Mill dry ground 8096 minus 10 11.0 -- -- -- --
Rod Mill wet ground 30 mm. 47% minus 10 12.2 42% minus 10 in 13.3 60% minus 10 rn 11.6 
Rod Mill wet ground 60 ad n. 6596minus 10 11.1 69% minus 10 13.3 91% minus 10 .n 10.6 
Rod Mill wet ground 120 mm. 88% minus 10 10.4 90% minus 10 13.5 99% minus 10 10.9

*Fischer Assay - gallons/ton
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TABLE 3 

COMBINED B1EFICIATIG4 MU HYD&JRKIOWFI?C 

Oil Yield,Gallons/Ton 

Flotation Concentrate 
Heads 30 Mm. 60 Mm. 120 Mm. 

(-10 Mesh) Grind Grind Grind 

13.0 21.1 23.8 30.3 
27.8 43.8 52.1 63.2 
14.6 23.4 27.2 32.6 
33.2 49.7 59.0 67.5 

12.4 -- -- --

11.7 -- -- --
8.4 14.8 18.1 20.3 

22.9 36.1 42.6 46.8 
11.4 16.1 18.9 23.2 
21.2 33.0 39.4 50.5 
5.5 17.0 14.5 18.7 

16.4 37.6 35.6 38.2 
4.2 -- -- 7.4 
5.8 -- -- 14.7 
5.1 -- N.A. --
8.7 -- N.A. --
7.0 20.8 19.8 24.7 

20.6 50.0 50.3 58.4 
10.6 15.6 16.5 20.0 
23.3 34.0 38.0 43.6 
10.2 18.9 23.5 27.6 
22.1 39.5 46.6 53.6 

5.0 -- -- 23.9 

17.0 -- -- 59.1 
21.4 -- -- N.A. 
24.3 -- -- N.A.

Shale	 Process 

Mit-i	 Alabama (Chattanooga)	 V.A. 
MR-1	 Alabama (Chattanooga)	 H.R. 
M112 Kentucky (Nov Albany) F.A. 
P411-2 Kentucky (New Albany) H.R. 
P411-3 Wyoming (Green River 

Washakie Basin)	 F.A. 
4411-3	 Wyoming (Green River 

Washakie Basin)	 H.R. 
P411-4 Oklahoma (Woodford) 	 F.A. 
MtI-4	 Oklahoma (Woodford)	 11.11. 
Mit-S	 Ohio (Huron)	 F.A. 
Mit-S	 Ohio (Huron)	 11. R. 
MU-6	 Ohio (Cleveland)	 V.A. 
Mit-S	 Ohio (Cleveland)	 H.R. 
Ml!-?	 Montana (Heath)	 V.A. 
P.111-7	 Montana (Heath)	 11.11. 
Mit-S	 Alaska (Nation River)	 V.A. 
Mit-B	 Alaska (Nation River)	 U.K. 
M11- 10 Indiana (Linton)	 V.A. 
M11- 10 Indiana (Linton)	 U.K. 
Mit-fl Kentucky (Sunbury) 	 F.A. 
Mit-il Kentucky (Sunbury)	 U.K. 
M11- 12 Michigan (Ant ritn)	 V.A. 
Mil-12 TIich igan (Antrim)	 H.R. 
M11- 13 Colorado (Pierre-Sharon 

Springs)	 V.A. 
MU-13 Colorado (Pierri-Sharon 

Springs)	 U.K. 
MU-14 Colorado (Anvil Points) F.A. 
P411-14 Colorado (Anvil Points) H.R. 

N.A. = Not Available 
V.A.	 Fischer Assay 
H.R.	 Hydroretorting 

KECL FINDS NO DIRECT INFLUENCE OF STEAM 
ON RETORT YIELD 

Previous bench scale retorting work at the Kentucky 
Energy Cabinet Laboratory (KECL) indicated that oil 
yield is higher when steam is used during fixed bed 
pyrolysis than when an inert gas sweep Is used. 
Slightly better oil yields were also obtained using 
steam rather than nitrogen In fluidized bed retorting. 
Whether steam is a reactive participant in pyrolysis 
or is merely a vehicle for the transport of volatiles 
out of the retort (thus decreasing secondary degrada-
tion reactions), has been a point of controversy

worldwide. A recent KECL project was an effort to 
better understand the role of steam In retorting oil 
yields from Kentucky oil shales. A report on this 
work was given at the Eastern Oil Shale Symposium 
In November. 

The KECL bench scale fixed bed retort was operated 
at two maximum bed temperatures (500 0 and 7000C), 
three pressures (1, 2.4 and 6.4 atmospheres) and two 
steam regimes (constant sweep velocity and constant 
water content). 

The early KEeL work found that oil yields from Ken-
tucky shales were increased by using an Increasing 
amount of steam to increase the steam sweep 
velocity through a fixed bed reactor. At the maxi-
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mum steam flow rate tried during these experiments, 
approximately 115 percent of Fischer Assay oil yield 
was achieved. 

The problem addressed in the latest work was whether 
steam was reactive in pyrolysis. One way in which it 
could be reactive Is as a source of hydrogen at low 
pressures, in which case oil yields would correlate to 
the amount of steam passing through the reactor. On 
the other hand, it could be that steam merely acts to 
reduce secondary reactions during pyrolysis, which 
would result in steam sweep velocity being the 
determining factor for oil yields. Experiments were 
therefore designed to use two steam regimes. The 
first regime maintained a constant steam sweep 
velocity while increasing the steam to shale ratio by 
increasing the pressure in the reactor. 	 These runs 
are referred to constant sweep velocity runs. The 
second steam regime involved the use of a constant 
amount of steam but decreasing the sweep velocity by 
increasing the pressure in the reactor. These runs 
are referred to as constant water content experi-
ments. 

The retort was operated at a maximum temperature 
of 500°C, at which no significant shale char gasifica-
tion was expected; and at 700 0 C where char gasifica-
tion was expected.

The	 shale	 used for	 all experiments	 was	 a master 
sample produced from a bulk sample of New Albany 
shale	 which was crushed, blended,	 sieved and riffled 
In	 to	 representative	 aliquots. The analysis	 is shown 
in Table 1. 

TABLE 1 

NEW ALBANY SHALE ANALYSIS 
FISCHER ASSAY = 14.6 GALLONS PER lDN (+ 0.5) 

Elemental Composition 

Percent C	 = 13.7 
Percent H	 = 1.6 
Percent N	 = 0.6 
Percent S	 = 5.0

Figure 1 shows the oil yields obtained under constant 
sweep velocity and Figure 2 shows the oil yields un-
der constant water conditions. Oil yield was found to 
be temperature dependent under both steam regimes, 
being higher for the 700 0 C runs. Oil yield remained 
constant when Increasing amounts of steam where 
used to maintain a constant sweep velocity through 
the reactor. However, the oil yield decreased as 
sweep velocity decreased when a constant amount of 
water was used with increasing pressure. These 
results strongly suggest that steam is not a par-
ticipant in the pyrolysis reaction. 

In both steam regimes, the amount of residual carbon 
left after retorting corresponded well to the oil yield 
curves, except that the 500 0 C and 700 0 C curves were 
further apart than would have been expected based on
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the higher oil yields obtained for the 700°C runs. 
This suggests that at 700 0 C more char gasification 
was occurring. 

The offgas from some of the runs contained over 
40 percent hydrogen sulfide. it appeared that the 
removal of sulfur from the shale was the same for 
both steam operating conditions and higher for 7000C 
than for 500°C runs. The removal of volatile matter 
from the shale was also dependent on temperature, 
and apparently not on any other retorting variable. 

Product Characteristics 

Figure 3 shows the results of volatility curves for the 
oils as determined by thermogravimetric analysis. 
There was an increase in volatility with decreasing 
sweep velocity for the constant water runs at 7000C. 
This would be consistent with increased secondary 
reactions with decreasing sweep velocity. For com-
parison the volatility curves for oils from Fischer As-
say and from pressure retorting without steam are 
shown. It has been well established that under Fis-
cher Assay conditions there Is some oil yield loss due 
to secondary reactions which result in a more volatile 
oil product. Even more coking should occur under 
pressurized autogenous conditions and such oils were 
expected to show the highest volatility of all. 
Figure 3 shows that this was the case. 
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FIGURE 2 

ESSURE STEAM RETORTING YIELDS 
AT CONSTANT WATER CONTENT 
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The constant sweep velocity runs at 700 0 C showed 
similar volatility curves. All product oils showed 
similar carbon, hydrogen, nitrogen and sulfur contents. 

Product Gases 

The amount of gas produced increased with tempera-
ture and pressure under all conditions studied but the 
gases responsible for the increases were different. 
More gas was produced at 700 0 C constant sweep con-
ditions than at any other condition. This was due to 
Increases in gasification gases (hydrogen, carbon, 
monoxide, and carbon dioxide) increases in hydrocar-
bon gases and increases in hydrogen sulfide. 

Less gas was produced at 500 0 C and constant sweep 
conditions than for the 700 0 C runs. At 500 0 C the 
amount of gas also increased with pressure, and the 
Increase again included gasification gases, hydrocarbon 
gases and hydrogen sulfide. For the 7000 C constant 
water runs the increase in the amount of gas 
produced was due mostly to hydrogen sulfide. For 
the 700 0 C with no steam pressure runs, the Increased 
gas consisted of the hydrocarbon gases. 

Figure 4 gives the grams of sulfur in the gas per 
kilogram of shale retorted. Sulfur in the gas in-
creased with temperature and pressure. The results 
for the amount of sulfur in the gas were nearly the

FIGURE 3 
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same for all 700 0 C runs. The amount was slightly 
less for those without steam. No sulfur dioxide was 
detected, so the amount of sulfur in the gas was in-
dicative of the amount of hydrogen sulfide produced. 

The KEEL research team concluded that for eastern 
oil shale, steam is not a significant participant in 
pyrolysis. It is important in minimizing secondary 
reactions by rapidly transporting hydrocarbons out of 
the retort.	 Oil yields depend on temperature and
steam sweep velocity. 

The amount of water passing through the shale 
directly affects the amount of char gasification that 
takes place. The increase in gasification gases im-
plies that char gasification increases with increasing 
steam. Thus steam must be participating in the 
gasification reactions. Steam may help to produce a 
reactive char which is then gasified by the steam. 

b. 
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FIGURE 4 

SULFUR IN GAS FROM
PRESSURE STEAM RETORTING 
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TABLE 1 

PROPERTIES OF IRATI 
OIL SHALE FINES 

High Calorific Value:	 4420 lU/Kg 
Low Calorific Value: 	 2428 KJ/Kg 

Moisture Content	 5.4% 

Shale Conposition 
(Dry Percent Basis): 

Carbon 10.6 
Hydrogen 1.7 
Sulfur 3.1 
Ash 81.1 
Carbonate -	 2 2.7 
Nitrogen 0.8 

True Density 2123 Kg/m3 

Fusion Temperature In 
Oxidizing Atmosphere 13900C 

INTERNATIONAL

BRAZILIAN OIL SHALE FINES BURNED IN 
FLUIDIZED BED 

Tests with oil shale fines have been carried out in a 
fluidized bed combustion unit at the State University 
of Campinas, Sao Paulo, Brazil. Some results were 
reported to the Fourth Miami international Symposium 
on Multi-Phase Transport and Particulate Phenomena, 
held in Miami Beach, December 1986. 

The combustion of undersized oil shale resulting from 
mining and crushing operations is considered to be an 
important step In improving the energy balance for 
shale oil production. This is so in spite of the low 
calorific value of the shale. The work reported in-
volves bench scale experiments for the measurement 
of pertinent dynamic, thermal and chemical conversion 
variables. Continuous fluidized bed combustion was 
demonstrated with Irati Formation oil shale from 
Parana, Brazil.	 The particle size of the shale was
minus 6.3 millimeters. 

The fluidized bed apparatus (Figure 1) is a stainless 
steel cylinder, 0.165 meters internal diameter. Shale 
is fed continually using a fluidized feeder coupled to 
a pipe and Injected pneumatically into the reactor 
with a feed capacity ranging from 10 kilograms per 
hour to 50 kilograms per hour. 

A discharge pipe Is located at the center of the dis-
tributor and ash is withdrawn continuously. A cyclone 
is attached to the combustor by a refrigerated double 
pipe exchanger. 

Using the Irati oil shale Lines with properties 
described in Table 1 and several percent of excess

FIGURE 1 
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air, the moist Clue gas composition is seen in 
Figure 2. The bed temperature for these experi-
ments ranged from 870 0 C at 10 percent excess air to 
830 0 C at 20 percent excess air. The air requirement 
was 1.93 cubic meters of air for each kilogram of 
shale burned at 20 percent excess air. A burnup of 
98 percent was achieved at a residence time of 
20 minutes.

FIGURE 2 

EFFECT OF AIR EXCESS ON 
THE FLUE GAS COMPOSITION 

20 

15 
rA

Co2 

5

5	 10	 is	 20	 26	 30 

AIR EXCESS (%) 

SUPERCRITICAL EXTRACTION OF DEMINERALIZED 
TURKISH 0th SHALE TESTED 

Solvent extraction of Turkish Coynuk oil shale with 
supercritical toluene has yielded some interesting 
results. As reported to the Symposium on Advances 
in Oil Shale Technology, sponsored by the American 
Chemical Society and held in Denver in April, the 
mineral matrix of the shale may affect the solubiilza-
tion of the kerogen. This work was carried out by 
Y. Yurum and A. iC.q rabalcnn at the Department of 
Chemistry, ilacettepe University, Beytepe, Ankara, 
Turkey.	 - 

Oil shales contain material which is readily soluble in 
the high density solvent vapor formed under super-
critical conditions. Some initially insoluble material 
may be solubilized by chemical changes occurring 
during the supercritical treatment. The mineral 
matrix of the oil shale may affect catalytically the 
solubilization of the kerogen in contact with the su-
percritical solvent. 

Experimental 

The mineral and kerogen percentages of the shale 
tested are given in Table 1.

TABLE 1 

MINERAL COMPOSITION OF
QWMJK OIL SHALE 

Percent 
Yield 

Bitumen 1.0 
Carbonates 52.5 
Silicates 23.1 
Pyrite 1.1 
Rerogea 21.4

Includes sulfides, sul-
fates, 
oxides, and hydroxides. 

The percentage of kerogen obtained from 
demineralization experiments was found to be 21.4. 
A second technique was used to determine the organic 
matter content of the shale at 600 0 C in an oxidative 
atmosphere. The total organic matter content of the 
shale was found to be 22.5 with this method. This 
result is in good agreement with the demineralization 
experiments. The shale used in this work seems to 
contain a very high kerogen content which is unusual 
for Turkish oil shales. 	 The kerogen content of
Turkish oil shales has been reported at 1-15 percent. 

Supercritical extraction experiments of shale with 
toluene were performed in a stainless steel autoclave 
at 350 0 C for 60 minutes. The yields of the super-
critical extraction of the original shale are given in 
Table 2. Throughout this set of experiments the 
toluene/kerogen ratio was changed from 23 to 233. 
For a ten-fold increase in toluene/kerogen ratio the 
yield of extract increased from 41 to 97 percent. 
The vapor density of each experiment was 0.26 grams 
per milliliter and the increase in the yield therefore 
is not due to the effect of solvent vapor density 
which is usually the case. As the amount of the 
toluene with respect to kerogen increases the 
solubility of the kerogen at supercritical conditions 
increases.	 The maximum yield of 97 percent is 
surprisingly high. 

The yields of carbonate-free and silicate-free shales 
are given in Tables 3 and 4 respectively. The same 
trend in the yield is also seen with these sets of ex-
periments. As the toluene/kerogen ratio is increased 
from 15 to 111 in carbonate-free shales, the yield in-
creases from 31 to 50 percent. In the silicate-free 
shales the increase of toluene/kerogen ratio causes an 
Increase from 26 to 39. It seems that as more 
mineral matter is removed from the shale the yield 
of extraction is decreased. The same effect is also 
seen in the extraction of kerogen which has been Iso-
lated from the silicate-free shale by lithium aluminum 
hydride treatment. The increase in toluene/kerogen 
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TABLE 2 TABLE 4 

SUPITICAL 1WJ4E 
EXTRACTION YIELDS OF 
ThE ORIGINAL SHALE

SUPERCRITICAL TOLUENE 
EfltACTIG4 YIELDS OF 
SILICATE-FREE SHALE 

Percent 
Toluene/Kerogen Yield

Percent 
Toluene/Kerogen Yield 

23.4 41 
40.0 59 
46.7 86 
71.0 72 
94.0 84 

133.3 80 
187.0 94 
233.0 97

10.9 .26 
17.0 33 
22.0 28 
31.0 44 
43.5 37 
56.0 39 

TABLE 5 

ratio from 7 to 51 causes an increase in the yield 
from 19 to a maximum value of 36 (Table 5). There-
fore with a toluene/kerogen value of about 50 in both 
silicate-free shale and kerogen the yield is about 
40 percent.

TABLE 3 

SUPERCRITICAL TOUJfl4E 
rra*crai YIELDS OF 

CARBONATE-FREE SHALE 

Percent 
Toluene/Kerogen Yield 

	

14.8	 31 

	

22.2	 28 

	

34.1	 29 

	

44.4	 35 

	

63.5	 41 

	

87.0	 44 

	

111.0	 50 

The immediate conclusion after these observations 
might be that the pyrite minerals have no effect on 
the extraction yields. It seems that the significant 
decrease in yield is between the original shale and 
the carbonate-free shale experiments. The maximum 
yields in the original and carbonate-free shale samples 
at a toluene/kerogen value of about 100 are 84 and 
50, respectively.	 The effect of the carbonate 
minerals in this interaction is not known. The 
catalytic effect of carbonate minerals to enhance 
oxidation in shales'-'and coals is known, but it is not 
clear how this effect might reduce the yield of ex-
traction. The authors speculate that as the carbonate 
minerals are removed, some oxidative interactions

SUPERcNITICAL TOLUENE 
EXTRACTION YIELDS OF 
KER(Lfl' ISOLATED FROM 
SILICATE-FREE SHALE 

Percent 
Toluene/Kerogen Yield 

6.9 19 
10.0 21 
15.8 21 
20.8 22 
30.0 37 
42.0 30 
51.3 36

which were catalyzed in the presence of carbonates 
night be slowed down and therefore this night affect 
the yield of extraction. On the other hand, it is 
known that kerogen is distributed throughout the 
mineral matrix and that the active surface area of 
the kerogea accessible to interactions is much higher 
in the case of original shale and lower in the 
demineralized shales. Thus, the effect of carbonates 
in the reduction of the yield might be due only to 
such physical effects.	 However,	 the yield of 
carbonate-free and silicate-free shales at a 
toluene/kerogen ratio of 50 is about 40 percent in 
both cases. The removal of silicate minerals does not 
affect the extraction yield. This is evidence that the 
removal of carbonate minerals creates a chemical ef-
fect rather than a physical one to cause a reduction 
in the yield of extraction. 

It It 
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DEVELOPMENT PLAN FOR OIL SHALE IN ISRAEL 
OUTLINED 

In a presentation to the Thirteenth Congress of the 
World Energy Conference, Dr. J. Yerushalmi of PAMA 
(Energy Resources Development) Ltd. outlined a long-
term development plan for oil shale in Israel. 

PAMA was founded in 1981 as a partnership of 
several major Israeli corporations. PA MA operates 
under the auspices of the Ministry of Energy and In-
frastructure and its major goal is the commercial 
utilization of the country's oil shale resources. 

PA MA has already completed a three-year feasibility 
program. The feasibility stage encompassed a broad 
range of experimental and theoretical activities which 
focused on techno-economic aspects. It attempted to 
furnish answers to three essential questions: 

- The extent and quality of Israel's oil shale 
reserves 

- Techniques for utilizing Israeli oil shale 

- The economic potential 

The answers were summarized as follows: 

- Proven reserves stand at 11 billion tons, and 
the potential is a great deal higher. This is 
sufficient to provide all of Israel's oil needs 
for a period of about 100 years. 

The grade of shale is not high - in the major 
known deposits, the shale contains on the 
average 14-15 percent organic matter, and 
yields around 15-17 gallons per ton on Fischer 
Assay. 

- Both retorting and direct combustion of Israeli 
oil shale have been successfully demonstrated 
in pilot plants, in Israel and abroad. 

- Extensive teehno-economic evaluations show 
that tinder reasonable assumptions, production 
of oil and power from Israeli oil shale could 
be economically competitive with their con-
ventional alternatives. 

In spite of the favorable results, PALIA does not 
recommend to undertake at this point full commercial 
size plants. 

They do plan to construct and operate two demonstra-
tion plants, one for production of oil, and the other 
for direct combustion to generate power. Whereas 
the demo plant for oil will be largely of an ex-
perimental nature, the direct combustion demo will be 
a commercial co-generation plant and will provide 
process steam for an industrial plant adjacent to the 
Itotem oil shale deposit, and generate some electricity 
that will be sold to the grid. 

The demonstration stage is expected to last four 
years, two years for design and construction and two 
years for planned operation.	 Accordingly, shortly

after the end of the decade PAMA should have at 
hand both the data and the technical tools to under-
take, with a reasonably low risk, commercial plants 
that would contribute a significant portion of the 
country's energy needs. It would then be possible to 
envision towards the close of the century a plant 
producing thousands of barrels of shale oil per day, 
several industrial boilers serving industry that lies 
close to the deposits, and a power station generating 
several hundreds of megawatts of electricity. 

Production of Oil 

PAMA has conducted several series of retorting tests, 
utilizing Israeli oil shale from the Rotem deposit, in 
pilot plants representing advanced processes. Raw 
shale oil obtained in these tests was the subject of 
upgrading research in lab and pilot scale equipment. 

The results revealed more than one process suitable 
for Israeli shale. PAMA selected a technology that 
utilizes a gravitating bed In a vertical shaft-like reac-
tor. 

Economics of Shale Oil Production 

PA I.! A's techno-economic evaluations of commercial 
shale oil production at the Rotem deposit yielded the 
results shown in Table 1. 

Two alternatives were examined. In Alternative A, 
fines unsuitable for processing In the shaft-like reac-
tor, together with by-product gas are sold to be 
burned in an adjacent power station that employs 
fluid bed boilers.	 The power station is outside the 
battery limits of the oil plant. In Alternative B, 
fines are agglomerated and rendered suitable for 
processing to oil, and the gas, after being cleaned of 
sulfur, is burned in a gas-fired boiler within the plant 
battery limits. In both alternatives, the mine is out-
side the battery limits, and oil shale is delivered to 
the primary crusher at a cost of $2.69 per ton. Both 
alternatives were designed such that the plant 
produces about 18,000 barrels per day of hydrotreated 
shale oil. 

The main result shown in Table 1 is the cost of 
producing a barrel of upgraded shale oil which stands 
at about $33-34. Given the recent trend In petroleum 
prices, some would assume that this would eliminate 
any consideration of shale oil. In PAMA's view this 
is not the case at all. 

PAIIA stresses that economic viability should not be 
measured in today's prices. It will take a minimum 
of ten years to see the first drop of commercial 
shale oil -- four to five years for the demonstration 
program, and another five years for planning and con-
struction of the commercial plant. Beyond that is a 
period of 20-30 years of commercial oil production. 
The company is therefore not concerned with the 
present, not even with, the near future. Their view 
must span the last few years of this century and the 
first quarter of the next. 

Accordingly, a calculation of the lifetime value of an 
"equivalent" barrel of imported crude stands at about 
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TABLE 1 

SHALE OIL PRtX*JCFI(W ECONOMICS 

Alternative 
A B 

Mine Capacity (ton/day) 84,755 60,755 
Ott Production (bbl/day) 18,050 18,012 
Production of Ajrnnia (ton/day) 40.5 40.5 
Production of Sulfur	 (ton/day) 190 389 
Start	 of Project 1993 1993 
Production at Full Capacity (years) 20 20 
Operating Factor (days/year) 330 330 
Total	 Investment*	 (million $) 702 924 
investnnt Breakdown (million $) 

Feed Preparation 102.52 114.59 
Retorts 335.90 335.90 
Upgrading 157.90 157.90 
Support Facilities 108.30 315.75 

Discount Rate (%) 12 12 
Levelized Net**** 
Operating Costs	 ($/bbl) 14.46 10.57 

Production Cost of Shale 
Oil	 ($/bbl) 33.00 34.26

•	 in 1984 dollars 
"	 Scope does not include mine and power station 

Scope does not include mine, but includes 
power station 
including credit for byproducts 

$40 per barrel, whereas the cost of producing shale 
oil is projected around $3334 per barrel. PAIJIA does 
not recommend proceeding directly to a full-scale 
commercial plant. However, these numbers are a 
confirmation of the economic potential of producing 
oil from oil shale, and a mandate to proceed to the 
demonstration stage. 

The Demonstration Plant 

The demonstration plant will Incorporate only those 
elements that today entail a high degree of uncer-
tainty. The heart of the plant will be a retort 
capable of processing up to 700 tons per day of oil 
shale. The plant will not include facilities for 
upgrading the raw oil, and by-product gas will be 
simply incinerated. 

It is estimated that the total cost of the program--
investment plus operating expense for two years—will 
reach US$15 million. 

Direct Combustion of Oil Shale 

Direct combustion of oil shale (and of spent shale) is 
likely to be an integral part of a commercial plant 
producing shale oil, and would enhance the economics 
of the oil. In addition, oil shale-fired power plants

could be one of the options for the future, along with 
coal-fired and nuclear power stations. 

Work to date Indicates that fluid bed combustion suits 
Israeli shale best.	 The heating value of Israeli oil 
shale is rather low. In the fluid bed, however, it 
burns Intensely with high carbon utilization and 
without the need for supplementary fuel. The sulfur 
dlo,dde released on combustion of the fuel is nearly 
R11 absorbed In the limestone that makes op about 
50 percent of the shale's mineral matter. 

Direct Combustion of Oil Shale Economies 

By the end of this decade, much of Israel's base load 
power will be supplied by coal-fired power stations. 
The potential of oil shale to compete with coal lies 
in the low cost of mining. Taking into account the 
difference in heating values, as well as projected dif- 
ferences in the efficiencies of power production, the 
cost of oil shale in terms equivalent to the cost of 
coal is estimated at $30 per ton, whereas Israel pays 
for imported coal $55-65 per ton. This margin is suf-
ficient to compensate for the higher investment 
required for oil-shale-fired boilers in comparison to 
corresponding boilers for coal. 

The economic evaluation	 was	 based on a 
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120 megawatt power station. The station uses two 
boilers connected to a single turbine. Because of the 
and conditions In Israel's Negev, air cooling would be 
employed. 

Table 2 summarizes the main results of the economic 
study. The economic parameters of a 600 megawatt 
oil-shale-fired station were conceived as five identical 
120 megawatt power units. 

In comparison to the single 120 megawatt power sta-
tion, the larger modular 600 megawatt plant would 
enjoy cost advantages owing primarily to the economy 
of scale of the the mine, feed preparation section and 
infrastructure. Common design and the modular ap-
proach also tend to reduce the costs of the units 
themselves. 

The cost of producing electricity in the 600 megawatt 
power station was determined to be competitive with 
power generated in large coal-fired stations located 
along the shore. This result, therefore, led to a deci-
sion to proceed with the construction of a suitable 
demonstration plant.

The Cogeneration Plant 

The project that was ultimately selected is a Cr 
generation plant with a boiler designed to produce 
50 tons per hour of steam. The plant would supply 
low pressure process steam to a chemical plant ad-
jacent to the Rotem oil shale deposit, and by use of 
a back-pressure turbine would produce a few 
megawatts of electricity which would be sold to the 
grid. 

Following a successful demonstration stage, PAMA 
would proceed to install a 100 megawatt power sta-
tion, some time in 1990.	 Erection of this power 
plant is reckoned to take three years. Assuming 
successful operation of the 100 megawatt station, the 
way would be open for the installation of a large 
power station. This large power station could, in the 
simplest case, consist of assembling additional 
100 megawatt generating units to the requisite 
capacity. 

TABLE 2 

&XIfl1I(Z OF ELECTRIC P(*VFS FROM OIL SHALE 

120 AM Plant 600 M Plant 

Plant Investment* ($/KW) 
(including Interest during 
construction at 12% 
Interest rate)	 1,200-1,400	 1,0001,150 

Total Operating and Maintenance 
Costs, Including Fuel 
at 70% Plant Factor (cent/kiVh) 	 2.5	 1.9 

Levelized Cost of Electricity 
at 12% (real) Discount Rate 
(cent/kS)	 4.9	 3.9 

* Mid-1984 dollars 
" Base case only
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MOROCCO OH. SHALE SOLUBILIZED IN
	 this sample was estimated from the data supplied by 

SUPERCRITICAL TOLUENE
	

ONAREPP to represent 13 percent of the "as 
received" shale mass. 

Recent work carried out at the University of Ok-
lahoma has involved the supercritical extraction of 
Moroccan oil shale. A paper - on the subject was 
given at the American Chemical Society meeting in 
Denver, April 6. 

The researchers prefaced their work by observing that 
many of the articles in the literature reporting on 
solvent extraction mention the enhanced solubility of 
oil shale's organic matter when contacted with super-
critical solvents. However, solubilization of kerogen 
is strongly temperature dependent. Appreciable yields 
are not achieved until relatively high temperatures 
(350 0 C and higher) are used. Clearly at such tem-
peratures thermal degradation within the kerogen 
matrix may become a contributing factor. 

That oil shale produces, upon heating, a soluble but 
not volatile material that decomposes upon further 
heating to condensable and noncondensable volatile 
products has been established for some time. Even at 
temperatures as low as 250 0 C, benzene soluble or-
ganics can be produced from Green River oil shale by 
simple heating. In other words at temperatures well 
below those required for carbon-carbon bond cleavage, 
kerogen can be thermally converted to soluble 
products to an appreciable extent. Therefore it 
seems reasonable to assume that the same solubiliza-
tion mechanisms occur when oil shales are heated in 
the presence of a solvent in the same temperature 
range. 

Based on these observations the Oklahoma University 
work was undertaken to investigate the solubilization 
of a Moroccan oil shale at 300 0 C and 3,000 psig in 
toluene. The extent of solubilization was measured in 
terms of tetrahydrofuran extractables at refluxlng 
conditions. 

The oil shale sample used was obtained from the YFO 
stratum of the Timandlt formation (Morocco) by the 
Office National de Recherche et d"Exploitation des 
Produits Petroliers (ONAREP?). The Fischer Assay 
yield is 70 liters per ton. The natural bitumen con-
tent (based on pyridine extraction) Is 1.4 percent of 
the dry oil shale. 

Prior to the experiments, the natural bitumen was 
removed by exhaustive soxhlet extraction using 
pyridine at its normal boiling point until the refluxing 
solvent became clear, which required about one week. 
These samples, after drying, do not contain bitumen 
or moisture and are referred to as dry, bitumen-free 
shale (DBFS). 

After extraction with toluene at 330 0 C and 
3 1 000 psIg, the percentage of TIfF extractables on a 
dry bitumen free basis was determined. 

The conversion data to THF soluble material are 
shown in Figure 1. Conversion increases with time 
but tenth to an asymptotic value of 5 9 corresponding 
to about 40 percent of the originally insoluble organic 
content of the shale. The total organic matter for

Production of different molecular weight fractions as 
a function of time is also shown in Figure 1. The 
proportionate increases of each molecular weight frac-
tion with time are significant in that it suggests that 
the species produced are stable and indicates that no 
pyrolysis (in the sense of carbon-carbon bond 
cleavage) occurs under the experimental conditions in-
vestigated. in other words, as the reaction time in-
creases, more material of the same composition be-
comes soluble.

FIGURE 1 

CONVERSION TO THE SOLUBLE 
MATERIAL AS

FUNCTION OF REACTION TIME 
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JOSECO RETORT SYSTEM STARTS UP 

Commissioned by Japan National Oil Corporation, 
Japan Oil Shale Engineering Company, LTd. (JOSECO) 
has built a 300 ton per day oil shale pilot plant. The 
plant is located at Kitakyushu City, about 1,100 
kilometers west of Tokyo. Construction was com-
pleted in 1986, and the plant has now been operated 
on oil shale from the Condor project in Australia. 

The complete pilot plant includes a circular traveling 
grate, which operates as a dryer, a vertical shaft 
type retort and a fluidized bed combustion unit for 
the spent shale. 
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ENVIRONMENT 

SELF-REVEOETATION OF RETORTED OIL SHALE 	 TABLE 1 
DEMONSTRATED BY NATIVE PLANTS IDflITI PIED SPIES FOUND GROWING ON RZRTW ALE 
The revegetation of spent shale disposal piles has 
been a major environmental issue for oil shale 
development. Extremely expensive revegetation 
schemes involving several feet of soil cover have been 
proposed. There is evidence, however, that native 
plants can invade and take root directly on retorted 
shale with no soil cover at all. 

In a paper presented at the Twentieth Annual Oil 
Shale Symposium held at the Colorado School of 
Mines in April, R. N. Heistand and L. K. Limbach 
presented observations of native plants growing on 
retorted shale which had been dumped at the Anvil 
Points test site near Rifle, Colorado. 

One site is the canyon disposal used by Paraho 
Development Corporation and other developers since 
the early Bureau of Mines activities, more than forty 
years ago. This site lies along the eastern edge of 
the Department of Energy Anvil Points facility. 

The other location is the retorted shale compaction 
area used by Paraho in field research performed in 
1974-1976. This site is located just south of the 
Department of Energy Anvil Points facility. This site 
consists of retorted shale, compacted to a depth of 
about nine feet thick and covering an area of 
180 feet by 400 feet. Neither of these retorted shale 
disposal sites Is available for continued studies. 

Observations and photographs covered a three-year 
period and include species noted throughout that 
period. The natural invasion of native plants appears 
to be an evolutionary process - changing from season 
to season as the pioneer communities give way to 
more diverse mixture of plants. 

Observed Species 

Most of the species listed in Table 1 were observed 
growing in the retorted shale and disturbed soil at the 
field compaction site. Some were observed growing 
in retorted shale over soil at the edges of the canyon 
disposal site. These observations at the compaction 
site were made three to six years after the major 
field construction had ceased. Observed species fall 
into six families of plants: Chenopodineeae, 
ehenopods; Composltae, sunflowers; Loasaceae, evening 
stars; Verbenaceae, verbena; Malvaceae, mallow 
family, Graminaa, grasses. These species are typical 
of pioneer plants that Invade disturbed areas. These 
species are adapted to a xeric, alkaline environment. 
The list of observed plants in Table I is remarkable 
In that they represent a natural invasion within a few 
years after construction activity. 

Cover and Density 

Cover and density measurements were made at the 
compaction test site and surrounding area. The plant

Disturbed Retorted
Soil	 Shale 

Chenopod Family 
Shadscale 

Atriplex sp. X	 X 
Saltbush 

Atriplex eanescens X	 X 
ila logeton 

lialgeton gl one ratus X 
Fireweed 

Kochia scorpia X	 X 
Fireweed 

Koehia onEricana X	 X 
Russian Thistle 

Salsola !JX X	 X 

Sunflower Family 
Rabbit Brush 

Chrysothants sp. X	 X 
Daisy 

Erigeron eaaus X	 X 
Goldenrod 

Solidago sp. X 
Gum Weed 

Grindella squarrosa X 
Snake Weed 

Ostierrezia sarothrae X 
Rag Weed 

Ambrosia arteBisiifolia X 
Sun Flower 

Helianthus annuus X 

Mn 1 lows 
Copper Mallow 

Sphaeralcea eoccinea X	 X 

Verbenas 
Verbena 

Verbena bracteata X 

Evening Stars 
Evening Star 

Mentzella sp. X 

Grasses 
Indian Rice Grass 

Oryzopsis hynoides X	 X 
Cheat Grass 

Brcnis Tectorum X
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density and percent cover measurements are sum 
marized in Tables 2 and 3. 

TABLE 2 

DENSITY OF PLANT (JNITI ES F(XJM) ON
HEIGHM SHALE 

Disturbed Retorted
Soil	 Shale 

No. of Measurements	 5	 8 
Mean Density (plants/rn 2 )	 68	 43 
Std. Dcv. of Mean	 21.2	 10.2 
Percent of Soil	 100.0	 63.2 

TABLE 3 

Pflff (DYER OF PLANT (XLtIJN IT! ES FOUND GROKING 
ON RETORTED SHALE 

Disturbed Retorted 
Soil	 Shale 

No. of Measurements	 5	 6 
Mean Percent Cover 	 19	 29 
Std. Dcv. of Mean	 4.0	 3.8 
Percent of Soil	 100.0	 152.6

growing in retorted shale or native soil. However, 
results of this preliminary study should be viewed 
with care. Only two species were included. Various 
parts of plants (roots, stems, flowers, and seeds) were 
not included in the chemical analyses.	 Only four 
trace elements were included. Nevertheless, the 
results obtained indicate no adverse impacts on native 
plants growing naturally in retorted shale. 

Conclusions 

The authors conclude that native plants can invade 
retorted shale disposal areas and thrive under ex-
tremely adverse conditions. This natural invasion was 
not limited to a few plants, but consisted of 
numerous species and families of native plants. The 
establishment of these plant communities took place 
under extremely adverse conditions -- no mulching or 
fertilization, no seeding or transplanting, no irrigation, 
and no protection of this south-facing area from solar 
radiation and dehydration. 

Also, the invasion of native plants and the estab-
lishment of pioneer communities took place in a short 
period of time. Plants were well established in less 
than three years. 

The results of the study suggest that these plant 
communities thrive in retorted shale. Plant density Is 
63 percent of that established in adjacent disturbed 
soils; plant cover exceeds that found in adjacent soil. 
The native plants growing in retorted shale are 
robust. 

Furthermore, the concentrations of trace elements 
(me, F, Cu, and B) do not show any large increases in 
new plant growth when plants growing in retorted 
shale are compared with similar plants growing In ad-
jacent soils. 

As expected, the individual measurements varied con-
siderably. Density measurements for disturbed soils 
varied from 39 to 151 plants per square meter; for 
retorted shale, the data varied from 30 to 93 plants 
per square meter. Although the data vary widely it 
appears that the plant density on retorted shale was 
about 63 percent of that found for surrounding dis-
turbed soil. 

The percent cover for disturbed soils ranged from five 
to 26 percent; for retorted shale, the data ranged 
from 17 to 41 percent. Thus the retorted shale ex-
hibited 53 percent better cover than the disturbed 
soils. 

Chemical Analyse 

A limited number of chemical analyses were included 
in the preliminary study. Analyses were limited to 
trace elements (molybdenum, fluorine, copper, and 
boron) in new growth from saltbush and fireweed 
plants growing in native soil and retorted shale. For 
the most part, there were no significant differences 
between the trace element concentration in plants
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STRATEGIC METALS RECOVERED FROM ALABAMA 
OIL SHALE WASTEWATER 

Work carried out at the Mineral Resources Institute 
(MEl) of The University of Alabama has demonstrated 
The recovery of valuable trace metals from oil shale 
wastewaters. 

In recent years, it has been demonstrated that the 
kerogen content of Eastern oil shale can be upgraded 
by ultrafine grinding followed by froth flotation. Wet 
grinding below 10 microns size to liberate mineral 
matter from the kerogen also releases substantial 
quantities of potentially valuable and/or hazardous 
soluble species into the process water. M RI es-
timated that 25-30 barrels of process water will be 
generated for each barrel of oil produced by the 
combination beneficiation-retorting technique. Be-
cause of stringent federal and state regulations, the 
process water cannot be discarded. If the flotation is 
conducted in a closed loop circuit, the dissolved inor-
ganic and organic compounds must be removed prior 
to recycling in order to prevent interference in the 
flotation circuit. 

Because oil shale process water is a potential source 
of many trace elements, some of which are strategic 
in nature, M RI speculated that recovery of these 
metals would be attractive. In addition, the removal 
of these contaminants from the waste water would al-
low it to meet water discharge standards. 

For a hypothetical mining situation, a substantial 
amount of acid mine water will be released from the 
discarded shale material due to weathering and 
natural leaching. Leachates from discarded flotation 
tailings sands and retorted spent shale will be other 
sources of waste waters. A flow diagram describing 
the possible sources of waste waters is given in 
Figure 1.

FIGURE 1 

FLOW DIAGRAM FOR 
SOURCES OF WASTE WATER 
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Recovery of selected metal values from the leachates 
and the process waste waters was studied using oil 
shale samples from Madison County, Alabama. Leach-
ing experiments were conducted with oil shale feed, 
tailings and retorted spent shale at 40 percent solids 
under mild agitation. 

Ion exchange resins were used in a batch extraction 
column. ion flotation experiments were conducted in 
a three-foot column cell with an attached gas disper-
sion system. 

Characterization of Process Water 

The process waters produced during the ultrafine 
grinding and the leachate of raw oil shale were 
analyzed. The major cations released during the 
ultrafine grinding are Fe, Ca, Mg,, Al, Ni, U, Mn, Ni, 
Na, K, and Co. The average sulfate concentration In 
the process water and in the Ieachate is about 
1,433 ppm.	 The Fe concentration in the process
water Is around 2,040 ppm whereas in the leachate 
the concentration is about 1,583 ppm. The minor 
elements present (less than 5 ppm) are As, Cr, Cu, 
Hg, Mo, Pb, Sb, and Se. The list of minor elements 
present In the process water is given in Table 1. 

TABLE 1 

stmra COMPOSITION OF 
OIL SHALE PROMS WATER 

Pebble 
Elements Rod Mill Mill Water 

As <0.05 <(F 05 <0.05 
B 1.00 0.60 0.50 

Be <0.05 0.30 0.30 
Cd 0.60 0.40 0.30 
Cr 0.40 0.40 0.50 
Cu 0.30 3.60 1.10 
Hg <0.05 <0.05 <0.05 
Mo 0.90 0.60 0.80 
Nb 0.30 <0.05 0.30 
Pb 0.90 2.0 1.10 
Sb 4.30 2.80 2.90 
Se 3.40 2.30 2.80 
Sn 0.60 0.60 0.60 

V 0.20 <0.05 0.30

The pil of the process water and the leachate was 
acidic, in the range of 3.9-4.1. The total dissolved 
carbon in the waste water produced by ultrafine 
grinding was 22 ppm as compared to 8 ppm dissolved 
carbon in the leachate. 

Effect of Particle Size 

In order to establish the effect of particle size on 
the solubility of major cations, experiments were con-
ducted with two oil shale samples (minus 
1,700 microns and 75 microns). The concentrations of 
Al, Fe, Mg, and Zn in the aqueous phase were found 
to be independent of the particle size used. 
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However, the concentrations of Si, Ca, K, Mn, Na, 
and Ni in the waste waters increase with a decrease 
in particle size. 

Effect of Surface Ozlthti.m 

The total sulfur content of the raw oil shale used is 
about 8.4 percent, out of which 6.72 percent is inor-
ganic sulfur and the rest Is considered to be organic 
sulfur. Inorganic sulfur is mostly in the form of 
pyrite (FeS ) and to a minor extent in the form of 
pyrrhotite (leS). Both are sensitive to surface oxida-
tion. Surface oxidation can have a significant effect 
on the solubility of different ions in the process 
waters. 

As seen in Table 2, the concentration of Fe increased 
from 64 ppm to 2,040 ppm, from the fresh sample to 
a heavily oxidized sample (36 months exposure time). 
A corresponding increase of sulfate concentration was 
also noticed. Surface oxidation increased the 
solubility of Al, Co, Mg, Ni, U and Zn in the process 
water. The pH of the waste water decreased from 
5.0 to 3.9.

TABLE 2 

EFFECT OF SURFACE OXIDATION 04 THE
SOLUBILITY OF I4 AND SULFATE 

AND 04 SYSTEM pH OF PROCESS WATER 

Exposure Tine	 Fe	 504 
(months)	 (pp-)	 (ppn) 

Fresh	 64	 125	 5.0 
2 months	 526	 700	 4.3 
36 months	 2,040	 1,750	 3.9 

It was assumed that during extended surface oxidation 
some of the pyrite and/or pyrrhotite present in the 
raw oil shale is oxidized and released into the process 
water as iron sulfate and sulfuric acid. The litera-
ture of add mine drainage contains extensive Infor-
mation on aqueous oxidation of pyrite by molecular 
oxygen. 

Recovery of Valuable Trace Elements 

It is realized that during the beneficiation process, 
most of the soluble inorganic species will be released 
into the process waters. As a result, the tailings 
sand and spent shale are less prone to natural leach-
ing. Under some circumstances, however, critical me-
tal values such as Mn, Ni, and U may be recovered 
from the leachate of the barren flotation tailings. 

The recovery of valuable trace elements from the 
process water can be accomplished by several methods 
including Ion exchange, ion flotation, precipitation and 
flocculation. In Mill's work ion exchange and ion 
flotation, were evaluated. Traditionally, the ion ex-
change technique has been used for the treatment of 
conventional waste water.

Results of the Ion exchange experiments are given in 
Table 3. Most of the major cations are recovered in 
a short time from the waste waters. For example, 
almost 100 percent of the Al, Ca, Co, Fe, Mg, Mn, 
NI, U, and Zn present In the process water were 
recovered by a cation resin (Amberlite JR 120 Plus) 
within one hour.

TABLE 3 

C&T104 RESIN SEPARATION
OF PROCESS WATER 

Elements	 % Removed 

Al 100 
Ca 100 
Co 96 
Fe 96 
Mg 100 
Mn 100 
N 100 
Si 30 

U 100 
Zn 96 

Ion Flotation 

The concentration of Inorganic ions from a dilute 
aqueous solution by an ion flotation process has been 
utilized for many years in waste water treatment. 
The process involves the use of a surfactant ion, of 
charge opposite to the ion to be notated. 

Preliminary results with a cationic surfactant (Ethyl 
hexadecy dimethyl ammonium bromide) indicated that 
more than 50 percent of the Si t Fe, and Mn ions can 
be recovered from the waste water. The results are 
given in Table 4. 

Mill concludes that the recovery of valuable trace 
elements can be accomplished by a cation exchange 
resin separation technique and also by ion flotation 
for selected metal values. 

TABLE 4 

104 FLOTATION EXPERIMENT 

Elements % Removed 

Al 21 
Co 41 
Fe 51 

K 48 
Mn 53 
Si 75
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WATER 

WATER APPLICATIONS RELEVANT TO OIL SHALE 
LISTED 

The following recent water right applications relevant 
to western oil shale projects were filed in the Office 
of the Water Clerk, District Court, Water Division 
No. 5, in Glenwood Springs, Colorado: 

87CW053 (82CW88) Exxon Company U.S.A.. Applica-
tion for Quadrennial Finding of Reasonable Diligence - 
Lower East Middle Fork Reservoir in Garfield County. 
Decreed: April 15, 1983, 82CW88. Source: the East 
Middle Fort of Parachute Creek and the Colorado 
River through the Dow Pumping Plant and Pipeline. 
Appropriation: February 2, 1982. Use: domestic, ir- 
rigation, industrial, mining, retorting, refining, power, 
and all other uses related to the production of shale 
oil and its by products. The five page application 
contains a detailed outline of the work performed 
during the diligence period. 

87C W044 (82CW349) Main Elk Corporation and Mobil 
Oil Corporation. Application for Quadrennial Finding 
of Reasonable Diligence - Mahaffey Pumping Plant 
and Pipeline in Garfield County. Decreed: April 27, 
1983, 82CW349. Located on the North bank of the 
Colorado River. Source: The Colorado River and all 
tributaries of the Colorado River and/or storage 
releases from the Main Elk Reservoir. Appropriation: 
June 9, 1982. Amount 60.0 c.f.s., conditional. Use: 
Industrial, domestic, municipal, and irrigation purposes. 
The four page application contains a detailed outline 
of the work performed during the diligence period. 

SIC W045 (82CW351) Main E11 Corporation and Mobil 
Oil Corporation. Application for Quadrennial Finding 
of Reasonable Diligence - Cottonwood Gulch Terminal 
Reservoir in Garfield County. Decreed: April 27, 
1903, 82CW351. Located at the head of Cottonwood 
Gulch. Source: Mahaffey Pumping Plant and Pipeline 
and/or Main Elk-Wheeler Gulch Pipeline with their 
various sources of supply from alternate points of 
diversions on Main Elk Creek and the Colorado River. 
The reservoir would also intercept a small amount of 
water from the Cottonwood Gulch drainage area 
above the dam. Appropriation: October 1, 1982. 
Amount 160 a.f., conditional. Use: Industrial, domes-
tic, municipal, and irrigation purposes. The four page 
application contains a detailed outline of the work 
performed during the diligence period. 

87CW046 (82CW352) Main Elk Corporation and Mobil 
Oil Corporation. Application for Quadrennial Finding 
of Reasonable Diligence - Sheep Trail Hollow Ter-
minal Reservoir in Garfield County. Decreed: 
April 27, 1903, Located at the head of Sheep Trail 
Hollow. Source: Mahaffey Pumping Plant and 
Pipeline and/or Main Elk-Wheeler Gulch Pipeline with 
their various sources of supply from alternate points 
of diversions on Main Elk Creek and the Colorado 
River.	 The reservoir would also intercept a small 
amount of water from the Sheep Trail Hollow 
drainage area above the dam. 	 Appropriation:	 Oc-
tober 1, 1982. Amount: 160 a.f., conditional. 	 Use:

Industrial, domestic, municipal, and Irrigation purposes. 
The four page application contains a detailed outline 
of the work performed during the diligence period. 

87CW047 (82CW353) Main Elk Corporation and Mobil 
Oil Corporation. Application for Quadrennial Finding 
of Reasonable Diligence - Rulison Gulch Terminal 
Reservoir in Garfield County.	 Decreed:	 April 27, 
1983, 82CW353. Located at the head of Ruilson 
Gulch. Source: Mahaffey Pumping Plant and Pipeline 
and/or Main Elk-Wheeler Gulch Pipeline with their 
various sources of supply from alternate points of 
diversions of Main Elk Creek and the Colorado River. 
The reservoir would also intercept a small amount of 
water from the Rulison Gulch drainage area above the 
dam.	 Appropriation:	 October 1, 1902.	 A mount: 
160 a.f., conditional. Use: Industrial, domestic, 
municipal, and irrigation purposes. The four page ap-
plication contains a detailed outline of the work per-
formed during the diligence period. 

87CW048 (82CW354) Main Elk Corporation and Mobil 
Oil Corporation. Application for Quadrennial Finding 
of Reasonable Diligence - Allenwater Creek Terminal 
Reservoir in Garfield County. Decreed: April 27, 
1983, 82CW354. Located at the head of Allenwater 
Creek. Source: Mahaffey Pumping Plant and Pipeline 
and/or Main Elk-Wheeler Gulch Pipeline with their 
various sources of supply from alternate points of 
diversions on Main Elk Creek and the Colorado River. 
The reservoir would also Intercept a small amount of 
water from the Allenwater Creek drainage area above 
the dam. Appropriation: October 1, 1982. Amount: 
160 a.f., conditional. Use: Industrial, domestic, 
municipal, and irrigation purposes. The four page ap-
plication contains a detailed outline of the work per-
formed during the diligence period. 

87CW049 (82CW355) Main Elk Corporation and Mobil 
Oil Corporation. Application for Quadrennial Finding 
of Reasonable Diligence - Mahaffey Terminal Reser-
voir in Garfield County. Decreed: April 27, 1983, 
82CW355. Located off-channel in the SWI/4 of Sec-
tion 33, T. 6 5., R. 95 W. of the 6th P. M. Source: 
Mahaffey Pumping Plant and Pipeline and/or Main 
Elk-Wheeler Gulch Pipeline with their various sources 
of supply from alternate points of diversions of Main 
Elk Creek and the Colorado River. The reservoir Is 
an off-channel water storage facility. Appropriation: 
October 1, 1982. Amount: 160 a.f., conditional. Use: 
Industrial, domestic, municipal, and Irrigation purposes. 
The four page application contains a detailed outline 
of the work performed during the diligence period. 

#0* 
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RESOURCE 

BILL INTRODUCED TO BLOCK FURTHER ISSUANCE 
OF OIL SHALE PATENTS 

The Interior Committee of the United States House of 
Representatives approved a bill to block transfers of 
federal oil shale land to private ownership. 

The bill Introduced by Representative Rahall of West 
Virginia, and co-sponsored by Representative Campbell 
of Colorado, Representative Udall of Arizona, and 
Representative Vento of Minnesota, would allow lands 
to be transferred to mining leases or maintained as 
mining claims. But owners of the claims could not 
get deeds to the land as has been the case under the 
Mineral Lands Leasing Act of 1920. 

The bill was introduced "primarily to prevent public 
lands from becoming private under the guise of oil 
shale patents", according to Representative Campbell. 

In 1986, some 80,000 acres of federal land, primarily 
In Rio Blanco County, Colorado were transferred from 
the United States Bureau of Land Management to 
private ownership. Approximately 300,000 more acres 
of federal hinds in Colorado, Utah and Wyoming could 
eventually become private if the 1923 law is not 
changed, Campbell said. 

The bill, H.R.1039, states that section 37 of the 
Mineral Lands Leasing Act of February 25, 1920, (30 
U.S.C. 181 and following) Is amended by adding the 
following new subsection: 

'(b) With respect to any valid oil shale claim the 
following shall apply: 

"(1) No patent shall be issued for any such claim 
after February 5, 1987, except for those claims 
for which a patent application had been filed 
and all requirements for a patent had been fully 
complied with by such date". 

"(2) The Secretary shall provide the holder of 
any such claim not within the exception noted in 
paragraph (1) notice and a reasonable period of 
time to convert such claim to a lease under sec-
tion 21 (30 U.S.C. 241). The Secretary shalt 
cancel any such claim not so converted to a 
lease within such reasonable period". 

UTE RESERVATION RULING DEVELOPS WIDENING 
IMPACT 

The Ute Indian Tribe has been awarded jurisdiction 
over a large part of the mineral-rich area of Utah. 
See Pace Synthetic Fuels Report, March, 1987 for a 
description of the area.

Sales Tax Exemption 

In recent developments a sales tax exemption has 
been extended to the expanded reservation boundaries 
and to tribal members in Roosevelt and Duchcsne 
cities and off-reservation purchases delivered to the 
reservation. 

In a Tax Bulletin issued March 9, 1987, the Utah 
State Tax Commission recognizes Indians who are en-
rolled members of the tribe and those who live within 
the exterior limits of the reservation as not being 
subject to Utah sales or use tax. 

Ute Tribal members have been exempt from paying 
sales and use tax on Indian trust lands, but with the 
decision of the United States Supreme Court last 
year, the court recognized the tribe's jurisdiction of 
almost 3 million acres surrounding the trust lands. 
The tax exemption has been extended to include these 
additional lands. 

To qualify for the exemption, the purchaser must be 
an enrolled member of the tribe and live on the 
reservation as evidenced by a tribal card. The card 
must be presented to the vendor at the time of pur-
chase. 

The vendor must keep a record of the non-taxable 
sales which include the name of the customer, date 
of sale, Federal Bureau Number and amount of the 
sale. 

The same requirements exist for purchases by Ute In-
dians made off the reservation when the merchandise 
is delivered to the reservation. 

Oil and Gas Revenues 

In other developments, the Ute Indian Tribe has filed 
suit against the state of Utah and Duchesne County 
challenging the state's right to tax oil and gas 
produced on 100,000 acres of the reservation. 

The suit seeks a portion of the $150 million in 
federal mineral revenues Utah has received over the 
past five years. 

The state has collected nearly $25 million over the 
last five years through mining, conservation and 
property taxes on gas and oil production on Indian 
lands, the suit says. 

During that time, the state and county have provided 
services to the 2,500 member Ute Tribe such as 
public schools and government services equal to about 
20 percent of the oil and gas tax revenues collected, 
the suit contends. 

"Virtually all the reservation's oil and gas tax 
revenues collected by Utah are expended off the 
reservation and most of the oil and gas revenues col-
lected by Duchesne County are also expended for non-
reservation purposes". 
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The tribe contends imposition of the taxes at the eun 
rent rate Is prohibited under federal regulations in-
tended to maximize economic benefits to the tribe in 
mineral development of trust lands. 

The taxation also violates federal law by discriminat-
ing between tribal and non-tribal lands, imposing "an 
Impermissible burden on commerce", and infringing on 
"the sovereign right of the tribe to govern its reser-
vation free of unjustified outside interference," the 
suit contends. 

The Utes claim the state has been systematically ex-
cluding them from the $150 million it has received in 
federal mineral rentals and royalties money Congress 
has directed to go to areas that are socially or 
economically impacted by federal mineral develop-
ment. 

The state, instead, has sent the money to state in-
stitutions, subdivisions and non-Indian communities, the 
suit says. 

The suit fails to name Uintah County as a defendant, 
but county officials believe that they may be included 
because a similar situation exists in Uintah County, 

Oil Refinery 

In a related development, an Arcadia, Duchesne 
County site Is one of several being considered for a 
Ute Tribe oil refinery and gas plant. 

The tribe made the decision to build the refinery as a 
way to ease unemployment problems plaguing its 
people. Crude oil from the tribe's own wells will be 
trucked from the wells and piped to the plant for 
refining. Ninety percent of the contract sales will be 
to the federal government With jet fuel being the 
main product. 

According to the Charging Ute Corporation, the com-
pany building the refinery, there will be about 
20 workers per shift with a total of 60 employed at 
the plant site. In addition, truckers, supervisory per-
sonnel and support staff will be hired for the plant. 

Production will start at about 4,000 barrels per day 
and increase up to 8,000 barrels at full production. 

A 1987 start of construction is planned. 

OIL SHALE ACTIVITIES ON UTAH STATE LANDS 
NOTED 

Activities Involving oil shale lands and leases noted by 
the Utah Director of the Division of State Lands in 
1907 Include: 

Mineral Leases to be Canceled 

The following leases are to be canceled for non-
payment of 1987 rental.

Name Account No.	 Type. 

Donald McLeod ML 30181-F	 Oil Shale 
Ben F. Edwards ML 24331-E	 Oil Shale 
Judith A. Holcomb ML 30061	 011 Shale 
Judith A. Holcomb ML 30062	 Oil Shale 
Donald McLeod ML 30062-B	 Oil Shale 
Dan L. Powell ML 42756	 Oil Shale 
Theron White ML 29859-F	 Oil Shale 
Standard Energy Corp. ML 39511	 Oil Shale 
Standard Energy Corp. ML 39512	 Oil Shale 
Standard Energy Corp. ML 39513	 Oil Shale 

Mineral Leases Relinquished 

The lessees under the oil	 shale mineral leases	 listed 
below	 have	 filed	 relinquishments of	 all	 or	 part	 of 
these	 leases.	 The	 leased	 lands	 which	 were	 relin- 
quished	 will 	 be	 offered	 for	 lease	 by	 the	 Division's 
Simultaneous leasing procedures. 

Lease No.	 Lessee County/Acres 

ML 24331-D	 Marie H. Edwards Duchesne 
40.00 acres 

ML 24331-J	 Josephine Holmes Duchesne 
40.00 acres

Mineral Leases Expired 

The mineral leases listed below have reached the end 
of their terms and have expired. These leases will be 
terminated and the lands offered for lease by the 
Division's Simultaneous Filing Procedures. 

Oil Shale Leases 

Lease No.	 Lessee	 County/Acres 

ML 23457	 Texaco Inc.	 Uintah 
640.00 acres 

Oil Shale Lease Applications Approved 

The application listed below was riled for Giisonite 
lease on lands offered on the March 6, 1987 Simul-
taneous Offering. Bids were opened March 30, 1987. 
The Director approved the high bids and only bids for 
the first year's rental, $1.00 per acre per annum, and 
royalty as provided by the Board of State Lands. 

Application No.	 Applicant	 County/Acres 

James M. Lekas	 43374	 Uintah 
Vernal, Utah	 640.00 acres 

It It It 
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SOCIOECONOMIC 

SOCIOECONOMIC INVESTMENT PAYS OFF AS 
RETIREMENT COMMUNITY 

Battlement Mesa, the new community near Parachute, 
Colorado, developed by Exxon USA to support the 
Colony oil shale project, went through some difficult 
times after Exxon suddenly canceled the project In 
May, 1982. 

Parachute is moderately busy now, but a far cry from 
May 1, 1982. That boom edded on May 2 when Ex-
xon laid off 2,200 workers. The blow was softened in 
Parachute because Unocal, continued work on its 
Parachute Creek oil shale project. Unocal has con-
tinued to be the mainstay of the town, providing work 
for some 400 people. 

Exxon, through its subsidiary Battlement Mesa Inc., 
has worked hard in the last few years to market, as 
a retirement community, the Battlement Mesa homes 
originally planned for oil shale workers. The 
development lies south across the Colorado River on 
the mesa above Parachute. 

Today Parachute has paved streets, a new town hall 
and library, and better water supplies, all paid for 
with the help of the oil companies. The population is 
greater than the pre-boom days -- about 600 in 
Parachute and 1,500 at Battlement Mesa - compared 
with 250 in Parachute before the boom. Newcomers 
to the town, especially those on Battlement Mesa, 
know little about the events of May 2, 1982 or the 
problems the area went through. 

Parachute has as businesses, according to a recent 
Chamber of Commerce brochure. Of those, 11 were 
In town before the boom, 12 came during the days of 
the buildup, and 12 have come since Exxon closed the 
Colony Project. 

Because of the Unocal work, the Parachute school 
population actually peaked the winter following the 
Colony closure, at 710 students. Since then, school 
population has been around 500 students. The district 
has a new elementary school and a new middle 
school, one being paid for by Unocal, the other by 
Exxon, and the second lowest mill levy in Colorado 
for a school district general fund. 

Many adjustments took place in the months and years 
following Black Sunday, 1982. Speculators went broke 
rapidly and left town. So did unemployed workers. 
Exactly how many people lost their homes then is dif-
ficult to determine. Exxon bought back many of the 
houses in Battlement Mesa that might otherwise have 
been foreclosed upon. The annual Slack Sunday sur-
vivors picnic is no longer held. 

Battlement Mesa may now become a separate city 
with its own post office. Battlement Mesa Inc. has 
announced plans to complete $12 million worth of 
recreational facilities, slated for completion within 
the next year. They will include final work on the 
18-hole championship golf course; construction of a

25-meter indoor swimming pool at an existing 53,000-
square-foot activities center; development of a 12-
acre recreational vehicle park and an RV storage area 
for area residents; and completion of more than five 
miles of asphalt-paved trails for hiking, jogging and 
bicycle riding. 

The Battlement Mesa development, including mobile 
homes, apartment houses and single-family houses, is 
now 90 percent occupied. A new 108-unit apartment 
building is under construction, as are several new 
homes. 

Battlement Mesa has grown into one of the premier 
recreational communities on the Western Slope. The 
community's population of 1,500 includes about 600 
retirees. Market studies show that western Colorado 
could become one of the nation's leading recreational 
and retirement areas. 
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RECENT OIL SHALE PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Twentieth Oil Shale Symposium held at the Colorado School of 
Mines in Golden, Colorado, April 21, 1987: 

Atwood, M. T., et al, "The Technical Contributions of John Ward Smith In Oil Shale Research". 

Byrd, J. ft., et al, "Geochemical and Hydroretorting Analysis of Selected World Oil Shales". 

Hutton, A. C., et al, "Comparative Study of Australian Oil Shales". 

Hutton, A. C., "Australian Oil Shales - Past, Present and Future". 	 - 

McDermott, K. M., et a], "The Specific Heat of Two Reference Shale Oils". 

Greninger, N. B., et al, "Oil Shale Rubble Fires: Ignition and Extinguishment". 

Datta, R. S., et al, "A Method for Approximating the Organic Content of Oil Shales by Weight 
Loss on Ignition Analysis". 

Britton, K., "Fragmentation of Eastern Oil Shale for In Situ Recovery". 

Bickel, T. C., et al, "Uniform Retorting of n High Void Contrast Shale Bed", 

Suclduti, B. C., et al, "In Situ Retorting of Nonuniform Oil Shale Rubble". 

McLendon, ft., et al, "Low Void Volume Combustion Retorting of Oil Shale". 

Miller, R., et al, "A Discussion of Process and Project Design in Oil Shale Retorting". 

Camp, D. W., "Oil Shale Heat Capacity Relations and Heats of Pyrolysis and Dehydration". 

Dung, N. V., et al, "Fluidized Bed Retorting of Oil Shale - A Mathematical Model". 

Sinor, J. E., "Marketing Considerations for an Eastern Oil Shale Demonstration Plant",' 

Fahy, L. J., et al, "Measurements of Oil Shale Compaction". 

Brown, A,, "hydraulic Conductivity of Lurgi Processed Shale", 

Ileistand, R. N., et al, "Natural Invasion of Native Plants on Retorted Oil Shale". 

Misra, M., et al, "Environmental Ramification of the Alabama Oil Shale Process Water". 

Knutson, C., "Non-Synfuel Uses of Oil Shale". 

The following papers were presented at the American Chemical Society 193rd National Meeting held in Den-
ver, Colorado, April 5-10, 1987: 

Bed, S. J,, et al, "Chemical Factors Affecting Insolubles Formation in Shale-Derived Diesel 
Fuel". 

Fookes, R., et al, "A Naphthenic Jet Fuel Produced from an Australian Marine Oil Shale". 

Costa Neto, C., "Assisted Vibrational Displacement Mechanism of Geochemical Reactions in Oil 
Shales". 

Barakat, A. 0., et a], "Novel Identification of (I7BH)-Hopanes In Green River Oil Shale 
Kerogens". 

Robl, T. 1., at al, "Petrologic Chemistry of a Devonian Type II Kerogen". 

Larter, S. ft., "Characterization of Kerogen-Analytical Limitations and Method Design". 
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Mildner, D. F. R., "Small-Angle Neutron Scattering Studies of the Pore Structures of Oil Shakes". 

Vitorovic, D., at al, "Characterization and Classification of Kerogens Based on Oxidation 
Products of their Multistep Alkaline Permanganate Degradation". 

Barakat, A. 0., at al, "Nature of Cross-Linked Structures in Kerogen". 

Pelet, R., at al, "Molecular Structure of Oil Shale". 

Khan, M. R., "Influence of Oxidative Weathering on Shale Structure and on the Subsequent 
Devolatilization of Oil Shale'. 

Costa Note, C., "Characterization of Organic Functionalities in Brazilian Oil Shale?'. 

Lee, A. S., at al, "Characterization of Stuart Oil Shale Systems". - 

Brown, J. M., et al, "Quantitative Analysis of Minerals in Oil Shakes by FT1R Spectroscopy". 

Yurum, Y., et al, "Effect of the Mineral Matrix on the Extractability of the Kerogen of a 
Turkish Oil Shale". 

McCollum, J. D., "Chemical Beneficiation of Shale Kerogen". 

Brons, C., at al, "Disruption of Kerogen-Mineral Interactions in 011 Shales". 

Taulbee, IL N., at al, "Product Changes Induced During Pyrolysis by Kerogen/Inorganic Matrix 
interactions". 

Cramer, S. P., at al, "Characterization of Arsenic in Oil Shale and Oil Shale Derivatives by X-
Ray Absorption Spectroscopy". 

Thomson. W. .J., at al, "DXRD Studies of Oil Shale Mineral Reactions". 

Kerman, D., et al, "Sutfation of Mineral Matter in New Brunswick Oil Shale". 

Oh, Al. S., et al, "Ammonia Evolution During Oil Shale Pyrolysis". 

Lou, F. S., at al, "Gasification Characteristics and Kinetics for an Eastern Oil Shale". 

Fujimoto, F. D., at al, "Intrinsic Oxidation Kinetics of Rapidly Pyrolyzed Oil Shale". 

Lynch, L. .J., et al, "Pyrolysis Transformation Model of Alginite Kerogen". 

Charlesworth, J. M., et al, "Thermodynamic Equilibrium Distribution of Compounds in Australian 
Oil Shale Pyrolyzates". 

Coburn, T. T., at al, "Free Radical Equilibrium in the Fluidized Bed Retort". 

Carter, S. 0., "Isothermal Kinetics of New Albany Oil Shale". 

Sunberg, E. M., et al, "Product Evolution During Rapid Pyrolysis of Green River Oil Shale'. 

McKay, J. F., et al, "Isolation of Carboxylic Acid Salts from Green River Oil Shale". 

Turner, T. F., et al, "Comparison of the Thermal Decomposition of Colorado and Kentucky Oil 
Shales". 

Silbernagel, B. C., at al, "ESR Studies of Kerogen Conversion in Shale Pyrolysis". 

Tyler, A. L., at al, "Kerogen Decomposition Kinetics of Selected Green River and Eastern Oil 
Shales from Thermal Solution Experiments". 	 - 

Tahiri, M., et al, "Kinetics and Mechanism of Moroccan Oil Shale Solubilization in Supercritical 
Toluene". 

Baldwin, R. M., et al, "Pyrolysis and Hydropyrolysis of Two Carbonaceous Australian Oil Shales 
In Supercritical Toluene and Tetralin".

SYNTHETIC FUELS REPORT, JUNE 1987 
2-42



The following article appeared in Energy & Fuels, Volume 1, No. 1, a new American Chemical Society 
Journal: 

Mahajan, 0. P., at al,- "Morphology of Retorted Oil Shale Particles". 

The following paper was presented at the American Institute of Chemical Engineers 1987 Spring National 
Meeting and Petro Expo '87 held In Houston, Texas, March 29-April 2, 1987: 

Kazimi, F. M., at al, "Enthalpies and Heat Capacities of Raw, Retorted and Combusted Shales 
and Typical Shale Minerals". 

SHALE -PATENTS 

"In Situ Retorting of Oil Shale with Pulsed Water Purge", John M. Forgac, George R. Hoekstra - Inventors, 
Amoco Corporation, United States Patent 4,637,464, January 20, 1987. Product yield and quality is Increased 
during in situ retorting of oil shale by pulsed combustion in which the flow of feed gas to the flame front is 
Intermittently stopped while continuously retorting the oil shale. In the process, a water purge is injected 
into the retort between pubes of feed gas to enhance transfer of sensible heat from the combustion zone to 
the retorting zone and enlarge the separation between the combustion zone and the advancing front of the 
retorting zone. Retort water produced during retorting can be used as part of the water purge sad/or feed 
gas for process economy and efficiency.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1987) 

AMERICAN SYN.CRUDE/INDL&JsJA PROJECT - American Syn-Crude Corporation and Stone & Webster Engineering (5-5) 

American Syn-Crude Corporation proposed a project to produce 4,160 barrels per day of shale oil and 10.3 million standard cubic 
feet per day of pipeline gas. They plan to use the Petrosix' technology a surface retort, developed by Petrobras of Brazil. The 
project was scheduled to commence with mine site preparation during the fourth quarter of 1986, with plant completion and start-
up to occur during the second quarter of 1989. Both a loan guarantee and price guarantee were requested from the United States 
Synthetic Fuels Corporation under the third solicitation. The project was denied financial assistance by the SEC in October 1983. 
The Kentucky Energy Cabinet and American Syn-Crude completed Kentucky oil shale evaluation tests in June 1983 at Petrobras' 
pilot plant in Brazil with no process difficulties encountered. The project sponsors have reduced capacity of the project by 
50 percent and have moved the project to an Indiana site. A proposal was submitted to the SEC under the fourth general solicita-
(ion, and on January 15, 1985 the SEC Board of Directors determined that the project is a 'qualified project.' However, Congress 
abolished the SEC on December 19, 1985 before assistance could be awarded to the project. 

Project Cost: $225 million (1982 dollars) 

CATI-IEDRAJ. BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc., and Tenneco Shale Oil Com-
pany (T3S, R96W, 6PM) (5-10) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by the equal-interest partnership belween.Occidental Oil Shale, Inc., and Tenneco Shale Oil Company, doing business as 
Cathedral Bluffs Shale Oil Company. On October 16, 1985 Tenneco Shale Oil Company granted to Occidental Oil Shale, Inc. a 
two year option to acquire its 50 percent interest in Cathedral Bluffs. During the option period Occidental is the operator for the 
project for Cathedral Bluffs. A modified detailed development plan for a 57,000 barrels per day modified in situ plant was sub-
mitted in March 1977 and subsequently approved in April 1977. The EPA issued a conditional Prevention of Significant 
Deterioration (FSD) 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 inter-
est rates. The project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation in 
January 1983 and the project was advanced into Phase 11 negotiations for financial assistance. On July 28, 1983 the SEC an-
nounced it had signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, 
Congress abolished the SEC on December 19, 1985 before any assistance could be awarded to the project. 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control room, 
east and west airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. A new monitoring plan is part of the lease 
suspension request. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974-1976). 

On April 1. 1987. the Bureau of Land Manacement United States Department of the Interior, emoted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five sears. 

Project Cost: Not Disclosed 

CLEAR CREEK PROJI3CF - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (13S, R98W, 6PM) (5-20) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron Re-
search Company's Staged Turbulent Bed (STB) retort process. Information obtained from the semi-works project will allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies.	 - 

Project Cost: Semi-Works - Estimated at $130 million
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL PROJECTS (Continued) 

COLONY SHALE OIL PROJECT - Exxon Company USA (P55, P95W, 6PM) (S-30) 

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,000 TPD of 35 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 
community commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development 
was initiated. CF. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to con-
struct the retorts. Stearns-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine sup-
port facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the present Colony Shale Oil Project. 
Tosco responded to the decision by exercising its option to require Enon to purchase Tosco's 40 percent interest. Exxon has 
completed an orderly phasedown of the project. Construction of Battlement Mesa has been completed and operation is continu-
ing on a reduced scale. An Exxon organization will remain in the Parachute area to perform activities including reclamation, 
some construction, security, safety, maintenance, and environmental monitoring. These ongoing activities are designed to main-
tain the capability for further development of the Colony resource when economics become attractive. 

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

CONDOR PROJECT - Central Pacific Minerals - 50 percent; Southern Pacific Petroleum - 50 percent (S-31) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of 
the Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a 
development of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. Further inves-
tigations are required before the actual project scope is settled, however. 

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 22 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants 
and supported by independent international contractors and engineers. 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
average operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
sive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million barrels of oil in 
situ, measured at a cut-off grade of 50 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 (ace shovels, feeding to trucks and in-pit 
breakers, and then by conveyor to surface stockpiles. Spent shale is returned by conveyor initially to surface dumps, and later 
back into the pit. 

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the 'fine* process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,000 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 41,000 barrels per 
day upgrading plants were incorporated into the project design. 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce accommoda-
tion, community services and product transportation. A 110 kilometer pipeline to the port of Mackay is favored for transfer of 
product oil from the plant site to marine tankers. The study indicates that there are no foreseeable infrastructure or environmen-
tal issues which would impede development. If a design and construction schedule of 12 years were chosen, allowing a steady but 
progressive build-up to full production, then an on-site peak construction and operations workforce of up to 3,000 people would 
be required. Operation of the plant would need 1,700 on-site people at full production. 

Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Thus a selling price of about US$33 FOB Mackay was assumed. Average cash operating cost at 

SYNTHETIC FUELS REPORT, JUNE 1987 
2-45



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL PROJECTS (Continued) 

full production is estimated at US$20 per barrel of which more than US$9 per barrel represents corporation taxes and royalty. 
Capital costs were estimated to an accuracy of *7- 25 percent, mainly by independent international engineering companies. Of 
the total estimated capital costs of US$2,300 million, almost US$1,700 million is accounted for equally by the three major 
elements—mining, retorting, and upgrading. The remainder coven supporting plant, infrastructure, administration, and various al-
lowances and contingencies. 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale between August and Novem-
ber, 1984 from the Condor oil shale deposit at the site of the previous bulk sample. The oil shale was crushed to produce 
20,000 tons of material sized from 15 millimeters to 120 millimeters. This material was railed to Townesville and shipped to Japan 
on December 12, 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in early 1987 and be gan processing of the Condor shale and carr ying out 
related investigations. 

Project Cost: $2.3 billion (mid-1983 U.S. dollars) 

EDWARDS ENGINEERING - Edwards Engineering Corporation (S-33) 

At the present time Edwards Engineering Corporation is in the process of 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 over the past 6 years from a pilot plant oil shale retort constructed 
at the Edwards plant in New Jersey. The production unit is being built to process typical oil shale as found in Utah, Colorado, or 
Wyoming. The portable unit has a low capital cost, and will produce a quality product with an API gravity between 26 to 28, 
having a pour point between 35— and 55—F. The system will not produce any air or ground water pollution. 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 portable retort system should operate profitably at present oil prices. The system 
can be readily scaled upward from the 1,000 to 2,000 barrels per day to any conceivable capacity desired. 

During the past year the construction of the portable oil shale retort was held up pending the delivery of a computer controlled 
punch press. The press was delivered in December and is now in operation. Construction of the shale plant is expected to 
resume early in 1987. 

Project Cost: Not Disclosed 

GARY REFINERY - Gary Refining Company (5-35) 

Gary Refining Company operates a refinery in Fruits, Colorado at the southwestern edge of the Pittance Basin. The Gary oil 
refinery was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon ore that is mined 
in Northeastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. 
Over the past ten years the refinery has been expanded and upgraded into a modern facility capable of processing a wide variety 
of raw materials into finished transportation fuels. Recent modifications were made to the refinery to process shale oil. 

Gary Refining now has a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the Unocal Parachute Creek 
facility. A contract has also been 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 that Gary will use to process the shale oil is geared toward maximizing the yield of JP4. The blocking 
operation is due to the Air Force requirements that JP-4 be produced solely from a shale oil feedstock. Therefore, the crude, 
vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. Without this Air Force requirement, 
the shale oil would normally be processed commingled with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's site. JP4 
product will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such as gasoline and No. 2 
diesel will be commingled with similar crude-derived products produced at the Gary facility and sold in local markets. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Union Oil plant. 

Project Cost: Not Disclosed
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL PROJECTS (Continued) 

KIVITER PROCESS - Union of Soviet Socialist Republics (5-38) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 6 million tons are retorted to produce shale oil and gas. The Kiviler process, continuous operating 
vertical retorts traditionally referred to as gas generators, is predominantly used in commercial operation. The retorts have been 
automated, and have throughput rates of 200 to 220 tons of shale per day. In the gas generators, low temperature carbonization 
of kukersite yields 75 to 80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 KJ/cubic meters) is 450 to 
500 cubic meters per ton of shale. 

The first 1,000 ton-per-day gas generator was constructed at Kohtla-Jam, Estonia USSR, and placed in operation in 1981. The 
new retort employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the 
semi-coking chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device 
into two semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retort-
ing zone without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by in-
troducing 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. 

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products (non-fuel) are currently 
produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced as by-
product in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desulfurization, it is utilized 
as a local fuel for the production of thermal and electric power. 

Project Cost: Not disclosed 

MEANS OIL SHALE PROJECT - Central Pacific Minerals, bravo Corporation, and Southern Pacific Petroleum (S-36) 

Southern Pacific Petroleum, Central Pacific Minerals, and bravo Corporation are joint sponsors of a project proposed to the 
United States Synthetic Fuels Corporation to extract oil from eastern shale. The Drava Circular Grate Retort technology is to be 
used to produce a projected 13,690 barrels of upgraded shale oil plus approximately 20 megawatts of electric power per day. Full 
operation of the plant, located in Montgomery County, Kentucky is scheduled for the second quarter of 1989. The project passed 
the SFC Phase I evaluation of maturity and strength in September 1983 under the third solicitation. In April 1984, the sponsors 
announced that they had withdrawn the project from the SFC's third solicitation and were applying for financial assistance under 
the fourth solicitation. Both price and loan guarantees were requested from the United States Synthetic Fuels Corporation. The 
companies are also seeking suitable joint venture arrangements with United States companies. Morgan Stanley and Company is 
financial advisor to the project. The project was dropped from further consideration under the fourth solicitation on January 15, 
1985. 

Of the companies' leases of 15,000 acres, it is proposed to mine 4,000 acres, containing approximately 140 million barrels of shale 
oil, over 25 years at the rate of 66,000 short tons daily (of which 50,000 short tons will be retorted). Gas by-product of retorting is 
to be used to fuel various project facilities and a power cogeneration plant which will produce sufficient power for the Project 
together with a surplus for sale to local utilities. 

bravo is the Project's Development Engineer and is continuing a full range of engineering activities related to design and 
feasibility. Draw completed retorting and upgrading pilot plant tests in June 1983 with no process difficulties encountered. Level 
II/Ill engineering satisfying SFC criteria was complete by August 1983. 

Project Cost: Approximately $1 billion 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (T6S, R95W, 6PM) (S-40) 

Mobil is currently evaluating development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
project is planned to have initial production of 10,000 to 25,000 barrels per day with an incremental buildup to 100,000 barrels per 
day. The United States Bureau of Land Management has completed an Environmental Impact Statement preparatory to future 
permit applications. A Corps of Engineers Section 404 permit application has been submitted and is currently being processed.. 

Project Cost: Estimated $8 billion for 100,000 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (S-55) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at 'flmandit, 
Tangier, and Tarfaya from which the name T3 for the Moroccan oil shale retorting process was derived. 
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In February 1982, the Moroccan Government concluded a $43 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shalt. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit has been completed with a funding from the World Bank in 1984. System press test and 
the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the plant has gone through a 
successful shakedown test, followed by a preliminary single retorting test. The preliminary test produced over 25 barrels of shale 
oil and proved the fundamental process feasibility of the '13 process. More than a dozen single retort tests have been conducted 
so far to prove the process feasibility as well as to optimize the process conditions. Single retort parametric tests will continue 
through 1985 and the double retort T3 process tests will start in early 1986. The pilot plant utilizes the 13 process developed 
jointly by Science Applications, Inc., and the Office National de Recherche at d'Exploitation Petrolieres (ONAREP) of Morocco. 
The T3 process consists of a semi-continuous dual retorting system in which heat from one vessel that is being cooled provides a 
portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 100 tons of raw shale per day 
capacity using 17 GPT shales. The design of a demonstration plant, which will have an initial output of 280 barrels per day, rising 
to 7,800 barrels per day when full scale commercial production begins, has been deferred until the pilot plant operation is com-
pleted in 1985. A commercial scale mine development study at Timandit is being conducted by Morrison-Knudsen. 

The '13 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP an extensive process option studies based on all major processes available in the United States and 
abroad and made a recommendation in several categories based on the results from the economic analysis. An oil-shale 
laboratory including a laboratory scale retort, computer process model and computer process control, has been established in 
Rabat with assistance from Science Applications, Inc. 

Project Cost: Not disclosed 

PACIFIC PROJECT - Cleveland-Cliffs -20 percent, Standard -60 percent, and Superior -20 percent (T6S, R98W, 6PM) (S-60) 

Standard, Superior, and Cliffs are continuing to conduct pm-construction work for development of the Pacific Shale Project. The 
project will be located approximately 10 miles north of DeBeque, Colorado, in Garfield County. The major project components 
will be developed on approximately 12,600 acres of land that is owned by the venture partners. Commercial feasibility studies and 
environmental baseline studies were completed for the project in 1983. In December 1984, the Bureau of Land Management 
completed the preparation of an environmental impact statement to assess project impacts prior to the sale and lease of federal 
lands that are necessary to the project. 

Project Cost: Development schedule and project cost are not available. 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL 76 (S-70) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 30,000 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 develop-
ing feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its 
Los Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing 
up to 1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase 110,000 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 short ton per day mine 
began in January1981, and construction of the retort started in late 1981. Concurrently, work proceeded on a 10,000 barrels per 
day upgrading facility, which would convert the raw, shale oil to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. After several years of start-up 
difficulties and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. Unocal's contract with the DOE calls for delivery of 3,000 barrels 
per day of military aircraft turbine fuel and 7,000 barrels per day of diesel to the Department of Defense (DOD) commencing 
with shale oil production. The price will be the market price or a contract ficor price. If the market price is below the DOE con-
tract 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 in January, 1987 under its Phase I support contract. The DOE Phase I contract has been 
amended to include a maximum of an additional $500 million in loan and price guarantees from the United States Department of 
Treasury, successor to the United States Synthetic Fuels Corporation. The Department of Treasury assistance may be utilized to 
support the incorporation of a fluidized bed combustor into the existing Phase I facility. 
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The augmentation phase of the project involves modifying the existing Phase I 'B' retort to incorporate the 'Unishale C' technol-
ogy. This new technology would replace the current cooling system with a fluidized bed combustor. The combustor would 
recover more energy by burning the carbon residue on the zetorted shale. The company tentatively plans to complete engineering 
of the fluidized bed in 1986. Operations would commence in 1989. Production of shale oil would remain at 10,000 barrels per day 
if Unocal elects to proceed with the augmentation program. A decision regarding construction of the fluidized bed combustor is 
due June 30. 1987 from Unocal. 

Project Cost: Phase I - Approximately $700 million 

PETROSIX - Petrobras (Petrolco Brasileiro, S.A.) (5-90) 

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, 
Brazil. The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has 
been obtained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per 
day of crude oil and 14 tons per day of sulfur. A 36 foot inside diameter retort, called the industrial module, is being constructed 
and will produce 2,950 barrels per day of oil, 40 tons per day of LPG, and 60 tons per day of sulfur in the beginning of 1988. 

Project Installed Costs: $68.4 (US) Million 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-95) 

On May 6, 1985 Ramex announced the start of construction of a pilot plant near Rock Springs, Wyoming. The plant will be lo-
cated on property leased from Rocky Mountain Energy, a subsidiary of Union Pacific Railroad. In addition to the one section 
leased for the pilot plant, Ramex also has options on ten additional sections. This site was selected because of the accessibility , for 

potential customers, and the abundance of 
available oil shale reserves. 

The pilot plant will consist of two specially designed burners that will burn continuously in an underground oil shale bed. These 
burners will produce an industry quality gas (greater than 800 BTUs per standard cubic fcot) and liquid condensate, consisting of 
about 45 percent gasoline, 25 percent kerosene, 30 percent light oils. The pilot facility was expected to be in operation by July 
1985. The data and products produced from this plant will be available for testing and evaluation by companies interested in the 
process and potential users of the products. 

Universal Search Technologies (Unitec) of Salt Lake City, Utah is assisting with the first phase of funding and management for 
the project. 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company, and 
that funds have been provided to complete equipment installation and provide fuel testing of the process. 

Project Cost: Approximately $1 million for the pilot tests 

RIO BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (T2S, R99W, 
6PM) (5-100) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30'x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater 
resource recovery of 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 operations on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. 
The project is still in suspension until a lease can be obtained or the five years suspension period expires. Federal legislation has 
been enacted to allow procurement of off-tract land that is necessary if the lease is to be developed in this manner. An applica-
tion 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. Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. 
Partial approval for the abandonment 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 Harmaiville, Pennsylvania until late 1984 when it was shut down. Data analysis is currently 
underway. This $29 million represents the capital and estimated operating cost for up to 5 years of operation. Engineering and 
planning for open pit-surface retorting development are being continued. The company has not as yet developed commercial 
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plans or cost estimates. On January 31 1986 Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Com-
pany, 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) (5-110) 

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, l3sso agreed to spend A$30 million on 
an initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economies of 
development. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. 
Geological and environmental baseline studies were carried out to characterize resource and environmental parameters. Mine 
planning and materials handling methods were studied for selected plant capacities. Results of the study were announced in Sep-
tember 1984. The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale 
feed was estimated to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale 
feed) was estimated to cost $2.65 billion (US). 

In October 1984 SPP/CPM and Esso announced that they have commenced discussions about possible amendments to the Rundle 
Joint Venture Agreement signed in 1982. Those discussions were completed by March 1985. Revisions to the Joint Venture 
Agreement now provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$123 (contingent on maintaining satisfactory title over the 
Rundle resource) in 1987. 

Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. Cost of this program in 1985 was A$73 million. 

l3sso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of sub-
sequent development expenditures. If Esso provides disproportionate funding, it would be entitled to additional offtake to 
cover that funding. 

Project Cost: See above 

TOSCO SAND WASH PROJECT - Tosco Corporation (195, R2IE, SLM) (5-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State-
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site en-
vironmental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block con-
veyors, 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 completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and related facilities. Con-
struction of this initial development shaft and experimental mine would enable confirmation of (1) the geologic and geotechnical 
basis for the mine design, (2) estimated mining costs, and (3) the basis for enhancing projected mining recovery ratios for the 
commercial project. The second phase of the Project will consist of the construction of one 11,000 tons per day TOSCO II 
pyrolysis unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotreated shale oil. 
During the third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 
50,000 barrels per day of shale oil. Contemporaneous development of Phases 1 and 2 is being considered. The definitive design of 
the single train facilities has been completed. 

Project Cost: $820 million in second quarter 1982 dollars (excluding interest) 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Pry. Ltd., Central Oil Shale Pry. Ltd., and Peabody Australia Pty. Ltd.) (S-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
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Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shalt in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 
2.8 billion barrels extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

Partners in the Yaamba Joint Venture are Peabody Australia Pty. Ltd., with 50 percent interest, Central Oil Shale fly. Ltd., with 
40 percent interest, and Beloba fly. Ltd., a fully owned subsidiary of Southern Pacific Petroleum N.L. and Central Pacific 
Minerals N.L, with 10 percent interest. Peabody Australia manages the Joint Venture which now holds two 'Authorities to 
Prospect' for oil shale in an area of approximately 1,080 square kilometers in the Yaamba and Broad Sound regions northwest of 
Rockhampton. The 'Authorities to Prospect' were granted to the Yaamba Joint Venture by the government of the State of 
Queensland for a five year term commencing May 1983. 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. 

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. A Phase II study 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 is currently in progress. Fur-
ther environmental baseline investigations are also being carried out. This study is anticipated to extend over a five year period. 

Project Cost: Not disclosed

R&D PROJECTS 

BAYFOWN PILOT PLANT - Exxon Research and Engineering (S.135) 

During 1984 a $14 million pilot plant to test the recovery of oil from shale began operation at Baytown, Texas. The pilot program 
followed several years of research aimed at developing a more efficient, lower-cost method of retorting shale. It used fluidized 
bed technology, building on Exxon's experience with the use of fluidized beds in petroleum refining. With a capacity of five tons 
of shale per day, the plant tested Exxon's retorting process on different shales under a wide range of conditions. In December, 
1986, Exxon announced that the Baytown research facilities would be closed and personnel transferred to Baton Rouge, 
Louisiana. 

Project Cost: See above 

DUO-EX SOLVENT EXTRACTION PILOT PROJECT - Duo-Ex (a wholly owned subsidiary of Solv-Ex Corporation) (S-152) 

Duo-Es is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to 
shale oil recovery. The Duo-Es approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes with limited 
success. Duo-Ex has developed a technology that it believes will be environmentally acceptable, cost effective, have shorter lead 
times from project commitment to production and will use smaller scale facilities than retorting and in situ processes. 

Experiments with the Duo-Ex process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on pre-
vious work by Duo-Es in a batch reactor and prior engineering studies. The project will determine recoveries of oil, produce 
scale-up data and a quantity of raw shale oil for upgrading studies. 

Duo-Ex is discussina the proiect with interested investors 

Project Cost: $1,000,000
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GELSENKIRCHEN-SCHOLVEN CYCLONE RETORT PROJECT - Veba OcI Entwicklungs-Gesellschaft rnbH (S-los) 

Veba is developing a cyclone retorting process. They planned to build a pilot plant at Gelsenkirchen-Scholven. This program was 
subsidized by the German government and the European Economic Community. Retorting is done in a cyclone at 500— to 
550—C and atmospheric pressure. The heat is obtained from recycled gas at 650— to 700 — C. Hydrocarbons remaining in the 
spent shale are burned in a fluidized bed at 800 — to 850—C. The flue gases from this bed are used to heat the recycle gas to 
provide the necessary heat for retorting. Due to changes in energy prices the project was abandoned in 1986 prior to start-up of 
the pilot plant. 

Project Cost: Not Disclosed 

GEOKINETICS, INC. - (see Seep Ridge) 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and Industry and the Japan National Oil Corporation. A 5 year R & D plan was formulated, however this original 
plan was revised to a 7 year plan due to budgetary control. JOSECO was financed by 36 Japanese companies in various industrial 
fields including iron and steel, heavy machinery, mining, cement, plant engineering, and oil refining. 

Three types (a vertical shaft, a circular grate, and a new cross flow type) of retorts were built at a scale of about 3 tons per day. 
These were designed and constructed in 1982 and were operated through August 1983 on oil shales from the United States, 
Australia, China, and Morocco. 

In the shaft type retort, oil shale descends continuously from the retorting zone to the residual carbon combustion zone. To 
prevent flow of gas from the combustion zone to the retorting zone, a seal zone is provided between the two zones to separate 
them. Operation of the pilot plant was generally smooth, and the yield of shale oil was approximately equal to Fischer assay. The 
main feature of this type of plant is the high thermal efficiency obtained by the vertical counterfiow of the oil shale and gas. 
With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through preheating, retort-
ing, combustion and cooling zones, being contacted by the gas which flows downward through these zones. Oil yield obtained 
from several kinds of oil shale was approximately equal to Fischer assay. The main feature of this type of plant is that the process 
can be adapted to the properties of different oil shales because the size of each zone can be set arbitrarily. 

The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside surfaces of louver 
walls and is contacted by the heating gas which flows horizontally between the walls in several passes. In this plant, oil yield was 
approximately equal to Fischer assay. The retorted oil shale is crushed to pieces smaller than 6 millimeters and sent to a fluidized 
bed for combustion of residual carbon. The main features of this type of plant are the tow pressure toss in the retorting zone and 
the high carbon utilization ratio obtained with the fluidized bed. 

After on-the-iob trainin g of onerators, the retortin g experiments totalin g about 100 days have started in early May 1987. 

Project Cost: Approximately US$60 million 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-175) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. PAMA launched a multi-year program directed toward 
commercial utilization of Israel's oil shale. The initial feasibility stage has been completed. Oil shale can be utilized by retorting 
to produce shale oil, or by direct combustion to generate power. PAMA has been pursuing both possibilities, and preliminary en-
gineering for two demonstration plants began in late 1984.
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The recent collapse of oil prices led to the postponement of the demo plant for oil. In the meantime, PAMA has concentrated on 
development of a new process, based on the use of an entrained bed, which is more suitable to Israeli oil shales. The relevant 
studies are being carried out primarily in a small pilot plant which began operation in November 1985. 

There is, however, a promising potential for oil shale-based generation of power. PAMA's studies have shown that electricity 
from oil shale is competitive with electricity produced in large coal-fired utility plants located along the shore and not employing 
FGD. 

Accordingly, PAMA has embarked on a demonstration power project. 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. The project is in its final design stage. Commissioning is expected in 22 months. 

Project Cost: Not disclosed 

JULIA CREEK PROJECT - CSR LIMITED (S-iSO) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit 
of northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrad-
ing to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer is CSR Ltd. and partners to be selected. 

The project has proven 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 is being carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as 
a recirculating solid heat carrier. 

A staged development is planned, with the timing determined by the anticipated price of oil and improvements in project 
economics. 

Project Cost: Yet to be determined 

NAVAL OIL SHALE RESERVE (NOSR) DEVELOPMENT - United States Department of Energy (S-200) 

Naval Oil Shale Reserve No. 1 (NOSR-1) was established by President Wilson in 1916. NOSR-1 is located north of the Colorado 
River in Garfield County, Colorado. NOSR-3, which borders NOSR-1 on the east and on the south, was established by President 
Coolidge in 1924. NOSR-1 contains 18 billion barrels of oil in place. An estimated 2.3 billion barrels of recoverable oil could be 
produced from shale with a yield of over 30 gallons per ton. This would be enough to feed a 100,00) barrels per day plant for 
70 years. NOSR-3 contains essentially no oil shale, and its designation as a reserve was considered necessary to obtain access to 
the Colorado River for water requirements, and areas for spent shale disposal during the ultimate anticipated development of 
NOSR-1. NOSR-2 is an oil shale restive of 90,400 acres located in Carbon and Uintah Counties, Utah. NOSR-2 has an es-
timated 4 billion barrels of oil in place. No estimate of recoverables has been made as the shale beds are thought to be too thin 
to be economically recoverable. 

In June 1977, the federal government called for preparation of a Master Development Plan for Naval Oil Shale Reserves I and 3. 
A contract was awarded June 22, 1978 to a team composed of CF Braun & Company, Gulf Research & Development Company, 
Tosco Corporation, TRW, and Williams Brothers Engineering Company. Comparative analysis of NOSR-1 and eight other 
Piceance Creek basin properties has been completed. A final Environmental Impact Statement (US) was issued August 1982. In 
addition, resource, technology, and environmental baseline characterizations have been completed. The program produced over 
40 technical reports. 

The Anvil Points Facility, located on NOSR-3 near Rifle, Colorado, was a testing and research facility providing information on 
facility design, and it also provided sufficient quantities of shale oil for laboratory research and refinery tests. Alter one-half a 
century in off-and-on operation, the test facility has outlived its usefulness and original purpose. A decision was made in 1984 to 
dismantle the facility and to restore the site to its natural condition. Demolition work began in the summer of 1985. Demolition 
was completed in January 1986. Habitat restoration was completed in Sentember 1986. 

The Department of Energy's oil shale research program at NOSR-1 and 3 has been discontinued and the facilities have been dis-
mantled and the site returned to its natural state, to the extent possible. 

Project Cost: $10 million through September 30, 1986
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PARAI-JO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (S-240) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified mad asphalt. Researchers at 
Western Research Institute (WIll) and elsewhere have discovered that certain types of chemical compounds present in shale oil 
cause a significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt. This 
is 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 
producing sufficient quantities of shale oil to accommodate the construction and evaluation of a one mile test strip of shale oil-
modified asphalt pavement. The shale oil will be produced in Paraho's existing pilot plant facilities, located near Rifle, Colorado. 
A small pilot plant with an output of 17 barrels per day will be used. The facility is expected to be operational in time for the 1988 highway construction season. 

The one mile test strip will be constructed in Colorado at a site to be selected by the Colorado State Department of Highways. 
Once constructed, the test strip will be evaluated over a period of several years, during which time Paraho will complete site selec-
tion, engineering and cost estimates, and financing plans for a commercial production facility. 

The size of this commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per 
day of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

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 several different resource sites upon which the commercial production 
facility could be located: an area in the vicinity of Anvil Points, Colorado: one of three possible sites on the Mahogany Block in 
northwest Colorado; and the Paraho-Ute properties, located near Vernal, Utah. Of these several options, the Mahogany sites 
represent the most economically viable alternatives and, accordingly, are the preliminary locations of choice. 

Project Cost: $2,500,000 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (5-205) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Inter-
national Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 

Developmental works are being conducted on pretreating technology, two hydrorefining processes using fixed-bed type and 
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. 

Project Cost: Not Disclosed 

TRIAD DONOR SOLVENT PROJECT - Triad Research Inc. (S-215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The process is said to 
be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 

The new process, named the H-E process, utilizes a fraction of the oil derived from the shale as the hydrogen donor solvent. 
Laboratory experiments to date have shown that oil yields from Sunbury shale samples equivalent to more than 200 percent of 
Fischer Assay are achieved at operating pressure as low as 15 to 20 atmospheres. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1987) 

R & D PROJECTS (Continued) 

The sponsors are 94 percent complete with the design, engineering, procurement, and construction of a pilot plant facility. 

Project Cost: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT - United Nations (5-230) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Mozavica River valley. 
Oil shale dips from the surface at an angle of 30— to 40— up to a depth of 400 meters where it then levels. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aleksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. 
The retort injection mixture would be 50 percent air and 50 percent steam. Eight modules of IMIS retorts would be in operation 
at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at full 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the T3 retort system un-
der development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 20,000 barrels per day facility is estimated to be 11 years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the the upgrading cost was es-
timated 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 is now under design by Energoproject, Belgrade, as general contractor with UNDP support. Establishment of the IMIS 
experiment is expected in 1988. 

Project Cost: See above
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SFR 

DX In Situ Oil Shale Project Equity Oil Company March 1984; page 2-52 

Cottonwood Wash Project American Mine Service March 1985; page 2-73 
Cives Corporation 
Deseret Generation & Transmission Coop. 
Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 114 

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

Laramie Energy Technology Center Laramie and Rocky Mountain Energy June 1980; page 2-34 
Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page S-3 

Nahcolite Mint #1 Multi-Mineral Corporation September 1982; page 2-40 

Oil Shale Gasification Institute of Gas Technology; December 1978; page 11-3 
American Gas Association 

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

Paraho-Ute Shale Oil Facility Paraho Development Corporation December 1986; page 247 

Silmon Smith Kellogg Corporation March 1985, page 2-72 
Shale Energy Corporation of America 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecco, Inc. September 1978; page B-3• 

Unnamed Fracture Test Talley Energy Systems September 1978; page B4 

White River Shale Project Phillips Petroleum Company March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Proiect Name 

American Syn-Crude Corporation American Syn-Cnide/lndiana Project 2-44 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 249 

Beloba Pty. Ltd. Yaamba Project 2-50 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-44 

Central Oil Shale Pty. Ltd. Yaamba Project 2-50 

Central Pacific Minerals Condor Project 245 
Means Oil Shale Project 2-47 
Rundle Project 2-50 
Yaarnba Project 2-50 

Chevron Shale Oil Company Chevron Clear Creek Project 2-44 

Cleveland-Cliffs Iron Company Pacific Project 2-48 

Conoco Inc. Chevron Clear Creek Project 2-44 

CSR Limited Julia Creek Project 2-53 

Dravo Corporation Means Oil Shale Project 247 

Duo-Ex (Solv-Ex Corporation) Duo-Ex Solvent Extraction Pilot Project 2-51 

Edwards Engineering Company Edwards Engineering 2-46 

Esso Australia Ltd. Rundle Project 2-50 

Exxon Company USA Colony Shale Oil Project 245 

Exxon Research and Engineering Baytown Pilot Plant 2-51 

Gary Refining company Gary Refinery 246 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-54 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-52 
(JOSECO) 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-47 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-54 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-44 

Office National de Recherche et Morocco Oil Shale Project 247 
d'Exploitation Petrolieres 
(ONAREF) 

PAMA Inc. Israeli Retorting Development 2-52 

Peabody Australia Pty. Ltd. Yaamba Project 2-50 

Petrobras Petrosix 249 

Ramex Synfuels International Ramex Oil Shale Gasification Process 249 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-49
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Company or Organization Project Name 

Science Applications, Inc. Morocco Oil Shalt Project 247 

SOIV-EX Corporation Duo-fix Solvent Extraction Pilot Project 2-51 

Southern Pacific Petroleum Condor Project 2-45 
Means Oil Shale Project 247 
Rundle Project 2-50 
Yaamba Project 2-50 

Standard Oil Company (Indiana) Rio Blanco Oil Shale Project (C-a) 2-49 

Standard Oil Company (Ohio) Pacific Project 2-48 

Stone & Webster Engineering American Syn-Crude/Indiana Project 2-44 

Tenneco Cathedral Bluffs Project (C-b) 244 

Tosco Corporation Tosco Sand Wash Project 2-50 

Triad Research Inc. Triad Donor Solvent Project 2-54 

Unocal Corporation Parachute Creek Shale Oil Program 248 

Union of Soviet Socialists Republics Kiviter Process 247 

U.S. Department of Defense Naval Oil Shale Reserve Development 2-53 

U.S. Department of Energy Duo-fix Solvent Extraction Pilot Project 2-5I 
Naval Oil Shale Reserve Development 2-53 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-55 

Veba Oil Entwicklungs-Gesellschaft Gelsenkirchen-Scholven Cyclone Retort Project 2-52 

Yaamba Joint Venture Yaamba Project 2-50
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PROJECT ACTIVITIES 

KAYCEE OIL MINE REACHES 250 BARRELS PER 
DAY 

The North Tisdale Project in Wyoming, operated by 
Kaycee Oil Company, has now reached a production 
rate of 250 barrels per day, according to R. Trent, 
president of New Tech Ott Company. 

North Tisdale Project 

The North Tisdale oil field was discovered in 1952 
and Is located in the Powder River basin ap-
proximately 70 mites north of Casper, Wyoming. The 
discovery well was completed for 24 barrels of oil per 
day and two barrels of water per day for the 1.akota 
formation at a depth of 210 feet. 

Production from early wells indicated that the reser-
voir initially produced through a weak gas drive which 
was replaced - by gravity drainage shortly after 
completion. Local outcrops have allowed gas to es-
cape and deplete the Lnlcota reservoir pressure. 
Typical of gravity drainage, conventional oil wells ex- 
hibit low producing rates and long producing lives. 
Lakota development was slow due to the marginal 
economics of the low volume wells. A total of six 
producing wells were drilled from 1953 to 1962 which 
had average initial producing rates of eight barrels of 
oil per day and three barrels of water per day. En-
gineers recognized the fact that Less than two percent 
of the original oil in place would be recovered from 
the Lakota by primary methods. Due to the low 
production rates a water flood was tried in 1962. 
Lalcota development halted in 1963 after the water 
flood did not prove successful. By 1972, all but three 
of the Lakota wells in the field were plugged, and of 
these only one continued to produce, at a rate of 
1.5 barrels of oil per day and one barrel of water per 
day. Total conventional recovery from the reservoir 
has been 81,000 barrels. 

In the mid-1970's, a project was begun by Conoco Inc. 
to experiment with mining techniques to gain access 
to the sandstone and drill long horizontal wells into 
the reservoir. The theory was that a much larger 
surface area would be created by a horizontal well, 
and a higher oil production rate would be obtained 
than was possible with a conventional vertical 
wellbore. 

In June, 1977, portal construction for the access slope 
was completed. Mining of the nine foot wide by 
eight foot high slope was accomplished with conven-
tional drilling, blasting, and mucking equipment. Min-
ing was halted at a length of 985 feet. 

Conoco developed specialized drilling equipment to 
drill horizontal drainholes. Six horizontal wells were 
drilled, with lengths of 1,498, 1,700, 248, 970, 420, 
and 1,070 feet. 

Project construction and horizontal drilling at the 
decline was completed on August 3, 1979, and the 
producing phase of the project began. 	 A total of

34,312 barrels of oil were produced Be of 
April 1, 1980. The average first year production rate 
was 68 barrels of oil per day and 28 barrels of water 
per day. The initial decline of production was 
56 percent per year; however, the sharp decline of 
production was due to the effect of gas cap expan-
sion.	 The production of fluids from the project
quickly depleted the initial reservoir pressure (20 psi) 
to five psi. Gravity drainage became increasingly 
dominant as the pressure continued to decline. 
Production leveled out over the next four years, and 
was 21 barrels of oil per day and 11 barrels of water 
per day when Kaycee took over the project in Sep-
tember, 1984. 

Kaycee North Tisdale Research and Development 

On September 1, 1984 Kaycee Oil Company became 
the operator of the North Tisdale Lakota Sand. 
Kaycee's first task was to replace the first 200 feet 
of slope. The slope had deteriorated to a point 
where it was necessary to replace the original timber 
sets with steel arch sets. Upon completion of the 
rehabilitation a cross-cut was started at a point ap-
proximately 550 feet from the portal. From there a 
steeper slope was continued to a point below the 
Conoco workings in the shale underlying the lower 
Lakota. 

Two drifts were then driven perpendicular to the 
slope; one to the north for a distance of 450 feet and 
one to the south for a distance of 600 feet. The 
slope and drifts were driven 12 feet wide and 10 feet 
high. Drill platforms were established at 100 feet in-
tervals along the drifts. A total of 10 drill platforms 
were mined.	 Each platform was approximately
14 feet in diameter and 14 feet in height. 

The first two platforms were drilled with an Atlas 
Copco ROC 3(6 drill. Sixty-four wells were drilled 
before it was decided that the down hole hammer was 
not acceptable for drilling underground gravity 
drainage wells. The Atlas Copco was replaced with a 
Gardner-Denver DH-123 longhole drill and four more 
platforms were drilled. A total of 17,500 feet of 
wells were drilled with the Atlas Copco and the 
D 11-123. 

As drilling continued with the 011-123 it became ob-
vious that to obtain desired production it would be 
necessary to increase the footage of effective well in 
the reservoir and that It would also be necessary to 
control the well within specific zones of the middle 
Lakota. Therefore, a ramp was cut up from the un-
derlying shale and a new platform established in the 
top of the lower Lalcota. The new platform was 
30 feet in diameter, equipped with a steel plate floor, 
lighting and a Longyear 38 drill. Kaycee has drilled 
in excess of 30,000 feet of well from the new plat-
form with the Longyear 38 drill. The first well was 
drilled with a 3.25 inch diameter bit of United States 
manufacture, at a bit cost of $3.18 per foot. 
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The second bit was also 3.25 inch in diameter and 
manufactured in the United States, and resulted in a 
cost of $3.85 per foot. In both cases, the problem 
was not with the cutters but rather with the design 
of the body of the bit and the material from which it 
was constructed. Design and construction allowed the 
body to be cut away by the abrasive sand after which 
the cutters fell out. 

Another company agreed to develop a bit that would 
have a guaranteed cost per foot not to exceed 
$0.50 per foot. They have now developed a bit 
designed especially for the project, which gives a bit 
cost in the range of $0.15 to $0.25 per foot. 

Directional control of the wells is accomplished by 
surveying the wells every fifty feet as they are 
drilled. The well is corrected in elevation by chang-
ing rpm and bit weight. 

Production from the project had reached ap-
proximately 250 barrels of oil per day at the begin-
ning of this year. Drilling is continuing on a seven 
day basis and it is expected to increase production to 
approximately 750 barrels per day by mid 1987. 

#44* 

HUSKY MAKES NEW PROPOSAL FOR BIPIIOVINCIAL 
PROJECT 

Husky Oil Operations Ltd. is reported to have made a 
new proposal to Canadian federal and provincial 
governments	 concerning the stalled Biprovincial 
Upgrader Project. Last year, the governments of 
Canada, Alberta and Saskatchewan had agreed to 
share in the $90 million cost of completing the 
preconstruction engineering work for a $3.2 billion 
53,000 barrel per day heavy oil upgrading facility near 
Lloydininster, Saskatchewan. 

Earlier preliminary agreements had called for the 
provincial governments each to match half of a 
C$780 million loan guarantee from the federal 
government. However, a change in the federal 
government brought a refusal to consummate the 
agreement. 

The latest engineering design work has been able to 
cut both the estimated capital cast and the cost of 
operations by about $150-200 million each. As a 
result, the project is now said to be economic at 
world oil prices of U S$22 per barrel in the 1990's. 
Previously, it had been estimated that prices of 
$22-24 would be needed. 

Details of Husky's proposal were not released, al-
though it was expected to be based on a federally 
guaranteed price for the syncrude.

UNOCAL SHUTS DOWN OPERATION AT BUFFALO 
CREEK 

Unocal Canada Limited has suspended its cyclic steam 
operations at Buffalo Creek in northern Alberta. 

Since 1980 Unocal experimented with steam stimula-
tion at Buffalo Creek to try to recover bitumen from 
the formation in the Carbonate Trend. The resource 
in-place In the Carbonate Trend has been estimated 
at several hundred billion barrels. 

Unocalts results of cyclic steaming were said to be 
encouraging, but low oil prices forced the shutdown of 
both injection and production wells sometime in late 
winter. 

Union has tested cyclic steam injection in three pilot 
areas at Buffalo Creek. The first project included a 
single well which completed more than 10 injection 
cycles. Bitumen and water produced from this pilot 
were reinjected because there was no means to 
transport produced fluids away from the site. 

A second pilot, called Orchid was about two miles 
from the original project area. This was also a 
single-well project which was used to test various in-
jection techniques. 

Unocal's largest pilot, the McLean project, included 
seven wells drilled on six-acre spacing. The objective 
of this pilot was to test the effects of Interference 
among cyclic steam wells. Experiments included In-
jecting steam into one or several 'veils at once. 

4444 

CANTERRA EXPANDS ACTIVITIES AT KEARL LAKE 

The Alberta Energy Resources Conservation Board has 
approved Canterra Energy's proposal for the addition 
of two five-spot patterns near its existing steam in-
jection pilot at if earl Lake and the shutting down of 
steam operations at a second pattern. The board also 
approved a new steam fracture start-up procedure 
proposed by Canterra, Tenneco Energy Ltd. and the 
Alberta Oil Sands Technology and Research Authority. 

Four new producing wells and two observation wells 
have been drilled.	 Canterra's application listed four 
objectives for the pilot modifications. Confirmation 
of the McMurray sand recovery mechanism used in 
earlier pilots is of primary Importance, followed by 
enhancement of production and injection start-up pro-
cedures. Canterra also hopes to demonstrate com-
mercial steam-oil ratios and commercial calendar 
daily oil rates.

#444 
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SOLY-EX AND SHELL CANADA PROJECT ON 
COURSE 

Soiv-Ex Corporation has completed a series of pilot 
plant extraction tests on Athabasca tar sands. The 
samples were trucked to Albuquerque from Shell 
Canada's tar sand lease north of Fort McMurray, Al-
berta. 

The performance of Solv-Ex's hot water/solvent 
process was successful, and Shell Canada has agreed 
to undertake the next step. A contract has been let 
to Fluor Canada for an engineering feasibility study. 
Solv-Ex will provide the preliminary process design. 

Also Shell has exercised its option to take over Solv-
Ex's 25 percent working Interest in a commercial 
plant. Preliminary plans Involve a 7,500 barrel per 
day demonstration plant costing about C$260 million. 
Such a plant could be onstream In the early 1990's. 

UTE PROJECT SELECTS HORIZONTAL WELL 
DESIGN 

The Alberta Oil Sands Technology and Research 
Authority (AOSTRA) was scheduled to begin steam in-
jection in May at its Underground Test Facility (UTF). 
As seen in Figure 1, the UTF is located about 
40 kilometers north of Fort McMurray, Athena. 

Twin shafts, each tour meters in diameter, have been 
sunk to a depth of 213 meters. A network of tunnels 
has been drifted from the shafts Into Devonian lime-
stone underlying the McMurray formation. A specially 
designed machine was obtained to drill wells upward 
from these tunnels and then horizontally through the 
oil sands. This technique allows the placement of a 
large number of tong, horizontal wells in the oil sand 
at low unit cost, and should also result In substan-
tially greater recoveries of in-place bitumen than is 
realized by current methods. 

The design of the horizontal wells was discussed by 
N. R. Edmunds et al at the Fourth Annual Heavy Oil 
and	 Oil	 Sands Symposium	 held at the	 University of 
Calgary In February.

Phase A of the project is illustrated schematically in 
Figure 2 (only one .shaft is shown, and the tunnel 
network has been simplified). This phase Is intended 
as a low-cost demonstration of the gravity drainage 
process, which is considered to be the most promising 
of horizontal well recovery processes. Water soften-
ing and steam generation facilities are located on the 
surface. Steam is piped down the shaft to the well 
chamber, where three pairs of horizontal wells have 
been drilled. Each pair consists of a producer lying 
near the base of the sand, and an Injector about five 
meters above the producer. Production is collected 
into a manifold In the tunnel and pumped to a 
separator and tank farm on the surface.

Figure 3 is a geological cross-section at the UTE site, 
showing the operation of the recovery process and the 
size and depth of the mine tunnels to scale (the tun-
nel is not properly oriented with respect to the wells, 
however). 

In the UTF Phase A program, steam is supplied to 
the injection (top) well at 1,500 kPa. The steam fills 
the depleted zone around the well and condenses at 
the edges. Bitumen at the Interface Is heated and 
mobilized, and drains under the influence of gravity 
to the bottom of the "steam chamber", along with 
condensed steam. The production well is controlled 
like a steam trap: fluid is produced at a rate just 
short of thawing steam into the well. 

Engineering and economic studies Indicate this process 
to be attractive if the formation has good effective 
vertical permeability, and if the wells can be ex-
tended to lengths of several hundred meters. Phase 
A was designed primarily as a test of the process 
performance per unit length of well. Three pairs of 
wells were chosen so that at least one would be con-
fined on both sides. The wells are 160 meters long, 
and a completed length of 60 meters was chosen as 
the minimum to avoid substantial end effects.	 The 
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spacing between well pairs Is 24 meters, which is 
near the predicted optimum for commercial recovery. 

According to AOSTRA, the design of the UTF Phase 
A well completions required the following factors to 
be collectively considered: 

Sand was identified as the single most important fac-
tor in the completion design. The sand in the 
McMurray formation is very fine and totally uncon-
solidated. Relatively low velocities in the horizontal 
wellbores make it likely that any sand entering the 
well will settle and accumulate. 

Fluid Distribution - From a recovery standpoint, the 
most important consideration is to evenly distribute 
Injection and production along the length of the wells. 

Cost - Although the gravity drainage process is ex-
pected to achieve relatively high recovery and energy 
efficiency,	 the production	 rates and cumulative

production per unit length of well are relatively low. 
Therefore the economics of the process are quite sen-
sitive to the cost per unit length of the wellbore 
hardware. 

Mechanical integrity of the liner must be maintained 
during running and under the influence of thermal 
stresses. Failure could result in massive sand influx 
and loss of the well. 

Hydraulic and heat transfer calculations were based 
on injection steam flow rates of five to 50 cubic 
meters per day, and produced condensate and bitumen 
rates of from seven to 75 cubic meters, with 
water/oil ratios expected to be between two and five 
most of the time. 

The completion method chosen was sand screens run 
in open hole. To minimize the cost of the wells, 
sand screen sections are alternated with lengths of 
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blank casing. Studies Indicate this should not have a 
significant impact on recovery performance. 

Three screen elements were selected for field testing, 
one in each well pair of Phase A: 

Texaco stainless steel wool filter 
0.010 inch wire-wrapped screen 
0.005 inch wire-wrapped screen 

Laboratory tests suggest that the Texaco filter is 
probably the most resistant to erosion and plugging, 
because of the high porosity and resilience of steel 
wool, but it is currently about twice as expensive as 
wire-wrapped screens. The 0.010 inch wire wrapped 
screen Is closest to conventional practice, but may al-
low more solids production than is desirable in a 
horizontal well. The 0.005 inch screen Is expected to 
allow little solids production, but the small gaps may 
be unduly sensitive to scaling or other plugging 
phenomena.

The final tubular configuration of the wells is shown 
In Figure 4. The liner consists of lengths of 
178 millimeter casing, alternating with sand screens 
constructed from 178 millimeter base pipe. The flow 
directions shown are for normal operation and will 
differ during startup or during special circulation or 
other operations. In the injection well, steam enters 
the annulus through a pressure control valve at the 
wellhead. The 42 millimeter tubing string in the in-
jection well is used for circulating during startup, and 
as a bubble tube to measure the operating pressure at 
the far end of the well. 

Given the desirability of keeping both annular flows in 
the same direction, a choice must be made as to 
whether this direction should be toward the wellheads 
or away from them. The latter choice was made, by 
injecting steam through the annulus and producing 
through tubing. Because of accumulation of errors in 
the well surveys, it is probable that the near ends of 
the completed sections will more closely overlay each 

FIGURE 4
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FIGURE 3 

GEOLOGICAL CROSS-SECTION 
(STEAM CHAMBER AND TUNNEL 

SHOWN TO SCALE)
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other than the far ends. Therefore it is most likely 
that initial communication will occur at the near end. 
Communication between the well pairs will tend to 
develop first at the near end, then flow should be 
from that end toward the far end.
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CORPORATIONS 

SUNCOR OIL SANDS EARNINGS PLUMMET, 
PRODUCTION UP 

In its 1986 Annual Report, Suncor Inc. observes that 
it began 1986 facing several critical issues, in par-
ticular the production problems at the oil sands plant 
and poor margins in its downstream business. The 
collapse of world crude prices in the first quarter of 
the year was a blow for the entire industry. Earnings 
from Suncor's resources and oil sands segments were 
severely depressed. 

In response to the challenge, the oil sands plant re-
corded its best-ever production year and production 
costs were decreased significantly. However, Suncor's 
financial performance remained disappointing. Earn-
ings from operations in 1986 were $1 million, coin-
pared to $34 million in 1985. 

In response to the rapid decline in crude oil prices, 
management substantially reduced planned capital 
spending. All projects were deferred with the excep- 
tion of investments with extremely rapid paybacks and 
those necessary for environmental protection, safety 
and maintenance. 

Cash outlays were slashed wherever possible. Com-
mon share dividend payments were cut in halt and 
then paid in stock. The work force was reduced by 
more than 20 percent through early retirement, attri-
tion and terminations. 

Development of the Burnt Lake heavy oil project has 
been deferred until crude prices improve. 

Oil Sands Group 

During 1986, daily production averaged 8,742 cubic 
meters (55,015 barrels) for a total of 3,190,980 cubic 
meters (20,080,424 barrels), a 39 percent increase 
over 1985 levels. 

The group dramatically lowered its cash costs to 
$111.25 per cubic meters ($17.75 per barrel) from the 
1985 level of $211.50 per cubic meters ($33.50 per 
barrel). Major contributors to this reduction were in-
creased production, reduced operating costs and capi-
tal and overburden removal spending, and lower 
royalties. 

Operating success was unfortunately offset by the 
steep drop in world crude oil prices, which seriously 
eroded profits. The price Suncor received for its syn-
thetic crude dipped as low as $15.78 from January 
levels of $34.02, before rising to $20.55 per barrel by 
year-end. Average synthetic crude oil selling prices 
were 47 percent lower than in 1985. 

Plant reliability increased significantly over 1985. In 
1986, the group brought a fourth colter Into sustained 
operation. A program to improve the plant's electri-
cal system continued, it will contribute even more to 
overall reliability when fully implemented in early 
1988.

Capital expenditures were reduced by $16 million in 
1986. A redeveloped overburden-removal plan, together 
with excellent overburden operations, allowed a 
$19 million reduction in overburden spending in 1986. 
This was achieved with no negative Impact on oil 
sands mining. In 1987, overburden removal spending 
will return to near normal levels. 

The provincial royalty on production from the plant 
was reduced from an average of 11 percent to an in-
terim one percent. This reduced costs in 1986 by 
$27 million. 

Examples of productivity improvement were evident in 
mining operations. innovations such as the use of a 
replacement bucketwheel, the establishment of high 
faces on all three benches and an improved blasting 
program contributed to a record production year. 

The extraction plant processed record tonnage due to 
several improvements. Better tailings management 
reduced production losses caused by coarse-grain sand 
and pumping problems. A computer model of the 
tailings system was designed to assist further in 
reducing production shortfalls caused by pumping 
problems. 

Further productivity improvements in the overburden 
area are expected with the construction of a portable 
bridge to reduce hauling distance and the use of a 
computerized truck dispatch system. 

Steps were taken in 1986 to improve environmental 
control. Modifications to the sulfur plants have fur-
ther reduced sulfur emissions. in waste-water 
management, a new pond was constructed to enhance 
water quality control significantly. 

Synthetic Crude Oil Reserves 

Suncor's synthetic crude oil gross proven reserves 
changed as shown below (quantities in millions of 
cubic meters). 

December 31, 1985	 59.3 
Production before in-plant usage	 (3.2) 
December 31, 1986	 56.1 

The year-end reserve estimates were prepared based 
on constant prices and costs. 

Proven reserves are those that are considered with a 
high degree of certainty to be mineable at commer-
cial rates using current and planned future mining 
methods. All of these reserves are adjacent to the 
Fort-McMurray oil sands plant. 

Gross proven reserves do not reflect deductions for 
Crown and applicable sublease royalties. Since the 
Crown royalty rate is dependent on the rate of syn-
thetic crude oil production, calculations of net 
reserves would vary depending upon assumed produc-
tion rates.

SYNTHETIC FUELS REPORT, JUNE 1987 
3-7



TABLE 1 

SUNOOR FIVE YEAR OPERATING SUMMARY 
(Unaudited) 

1986	 1985	 1984	 1983	 1982 

Oil Sands Group 
Production - Synthetic Crude Oil. 
Gross Production Less In-plant Usage 

(thousands of cubic meters per day) 
Average Revenue - Synthetic Crude Oil 

(dollars per cubic meter) 
Gross Proven Reserves - Synthetic Crude 

Oil (millions of cubic meters) 
Other Oil Sands Statistics 
Overburden Removed (millions of cubic 

meters) 
Oil Sands Mined (millions of tons) 
Average Bitumen Content of Oil Sands 

Mined (percent by weight) 
Average Crude Yield of Oil Sands (cubic 

meters per ton)

	

8.7	 6.3	 7.4	 7.6	 5.4 

	

126	 238	 262	 251	 255 

	

56	 59	 62	 64	 67 

	

8.4	 15.8	 12.0	 17.1	 9.3 

	

39.4	 30.0	 36.4	 35.9	 27.1 

	

12.3	 12.0	 11.4	 12.0	 12.4 

	

081	 .076	 .075	 .077	 .073 

Heavy Oil 
The heavy oil development at Burnt Lake, Alberta 
was deferred because of economic conditions. The 
company now holds a 79.1 percent working interest in 
the first development phase of the project. Under 
the terms of the agreement, the partners will review 
the project annually to determine its economic 
feasibility. 

Suncor's in situ heavy oil project near Fort Kent, Al-
berta recorded a positive cash flow in the second half 
of 1986. Suncor is co-owner and operator of the 
plant which uses steam Injection to remove oil from 
the ground. The average number of wells in opera-
tion was reduced from 109 to approximately 
70 economic wells.	 Suncor's average daily share of 
production In 1986 was t84 cubic meters 
(1,157 barrels) compared with 241 cubic meters 
(1,516 barrels) in 1985. 

Five Year Summary 

Table 1 gives a five-year summary of operations for 
the Oil Sands Group. 

NORCEN CUTS BACK HEAVY OIL ACTIVITY 

Noreen Energy Resources Limited in its 1985 Annual 
Report had noted that, "...Noreen had anticipated 
crude oil price declines and is well-positioned to 
withstand their effect.... However, the price col-
lapsed even more than anticipated in 1986 and 
remained low throughout the year. While 1986 finan-

cial results are far from the previous year's record 
levels, Norcen says It has withstood declining prices 
and remains financially and operationally strong. 

The company reports that It conducted a careful 
review of its operations, and difficult decisions were 
made. In the face of declining cash flow and less at-
tractive project economics, capital expenditures were 
reduced by approximately 35 percent from budgeted 
levels. After a review of the prospects of the in-
dustry and the company, It was determined that 
reductions in staff levels were necessary. 

Increased oil production helped somewhat to offset 
the effects of lower prices. The acquisition of 
several producing properties, upon termination of a 
partnership with Gulf Canada, increased production, as 
did the commencement of production from the Jabiru 
project offshore Australia. Overall, crude oil and liq-
uids production was up 16 percent over 1985, reaching 
a record 38,809 barrels per day. 

Declining energy prices resulted In the suspension of 
most exploration in the Canadian frontier areas. Last 
year, the company reported its participation in a 
major discovery at A mauligak, In the Beaufort Sea. 
Delineation drilling and an extended production test in 
the summer of 1986 demonstrated the presence of 
significant oil reserves, and the project has the poten-
tial to lead development In the area. While activity 
in the Beaufort Sea is now suspended, the company is 
assessing the possibility of early, seasonal production 
from the area. 

Norcen's 1987 strategy will be to find and develop 
low-cost oil and gas reserves, in areas where its ex-
pertise and land position confer a competitive advan-
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tage. Noreen intends to maintain, with selected In-
vestments, its position in longterm, high cost 
reserves in heavy oil, oil sands, and frontier areas. 

Declining prices in 1986 reduced the attractiveness of 
most heavy oil activity, and the company cut back its 
efforts accordingly. At Bodo, Noreen continued its 
active long-term involvement in the development of 
heavy oil enhanced recovery technology and Saw an 
increase in production of almost 720 barrels per day. 

At the ongoing in situ combustion pilot, air injection 
was terminated early in the year. In spite of this, 
production increased due to improved well perfor-
mance, reduced gas production and continued im-
provements in recovery methods. Steam injection 
commenced in March at a new thermal recovery pilot. 
lnfiil drilling at North Bodo resulted in more than 
100 barrels per day of new productive capacity. 

fl## 

SHELL CANADIAN SUBSIDIARIES REARRANGED 

In the fourth quarter of 1986, Shell Canada purchased 
all the shares of Shell Explorer Limited from Pecten 
International Company for $112 million. Through this 
transaction, Shell Canada acquired the assets of Shell 
Explorer, including Its interest in all Canadian frontier 
oil and natural gas properties. Pecten, a wholly 
owned subsidiary of Shell Oil Company of Houston, 
retained Explorer's interest in Peace River and 
Athabasca oil sands properties in Alberta. 

1987 Plan, 

Shell Canada's investment plans for 1987 anticipate 
capital and exploration expenditures of about 
$420 million, down some $160 million from the es-
timated 1986 level. 

A decrease in oil and gas spending plans to about 
$270 million reflects completion in 1986 of the Peace 
River in situ oil sands expansion in Alberta as well as 
restrained exploration and development programs be-
cause of low oil and gas prices. Exploration efforts 
will be concentrated on selective prospects in Western 
Canada, with frontier activity limited to maintaining 
existing land holdings. 

Anticipated coal expenditures in 1987 of $2 million 
basically provide maintenance capital. 

Oil products spending is Increased from $79 million to 
$128 million to sustain aggressive programs to en-
hance product quality and customer service. Market-
ing plans include enhancement of the retail automo-
tive network together with promotion of the new 
Formula Shell gasolines. Completion in 1987 of the 
new residual catalytic cracking unit will enable the 
Montreal East refinery to reduce heavy fuel oil 
production, improve energy efficiency and meet legis-
lated future restrictions on gasoline lead content.

AEC REPORTS STRONG POSITION DESPITE OIL 
PRICE DECLINE 

In its Annual Report to stockholders for 1986, Athena 
Energy Company Ltd. (AEC) says that it significantly 
strengthened its financial position, reduced debt by 
$69 million and completed a $272 million capital 
progra m. 

Results for the year were impacted by the precipitous 
decline in world oil prices and gas prices but record 
production levels, increased operating economies and 
other steps, taken in response to the sharp reduction 
in prices, all helped to offset the drop in revenues. 

Cash flow from operations of $198.2 million 
($3.94 per common share) was 78 percent of the 1985 
high of $255.3 million. 

Earnings before extraordinary items were 
$47.8 million, down $32.7 million compared with the 
1985 record of $80.5 million. 

While significant reductions were made in temporary 
and contract personnel, AEC did not lay off any per-
manent staff.	 - 

In Situ Heavy Oil Sands 

Since 1978, AEC has sequentially explored 70 percent 
of the land on the 2,000-square-mile Primrose Range 
in northeastern Alberta where significant heavy oil 
deposits have been identified. 

In early 1986, exploration commenced in the Caribou 
Lake area at Primrose. By the end of 1986, an es-
timated 2.3 billion barrels of heavy oil in place net 
to AEC were identified, bringing AEC's total Primrose 
heavy oil In place to 17 billion barrels. Activity 
during the year included the drilling of 16 exploratory 
wells and completion of a 210-mile seismic program. 
Heavy oil was encountered in all 16 wells. Following 
construction of an 18-mile access road, three addi-
tional wells were drilled for heavy oil evaluation and 
testing. "fluff and puff" steam tests currently are 
under way at two of these wells. The third well will 
be tested later in the year to facilitate design of a 
full-scale pilot program. On completion of the work 
obligations of its co-venturer, Husky Oil Operations 
Ltd., AEC will retain interests in the Caribou Lake 
heavy oil sands that range from 40 to 50 percent. 

Other activity at Primrose included the continuing 
evaluation and delineation of the heavy oil resources 
in the ipiatik area. The steam injection pilot, in 
which AEC has a 60 percent interest, entered its 
third year of testing the applicability of the "huff and 
puff" technology in the Wabiskaw formation. Addi-
tional programs commenced to evaluate the potential 
for better recovery from the deeper McMurray forma-
tion. As a follow-up to the two-well McMurray 
steam test program completed in early 1986 7 two 
wells are currently on production following steam in-
jection cycles in early 1987. In addition, four 
delineation wells were drilled to confirm the extent 
and commercial potential of the McMurray oil sands 
in the area.
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While low oil prices delayed a construction start on 
two previously approved commercial projects at Prim-
rose, AEC believes that strengthening oil prices and 
suitable government policy on heavy oil would place 
these projects on the threshold of development. AEC 
and the other project participants have used the delay 
to re-examine plant designs and potential areas for 
cost savings with a view to keeping these projects 
ready for development when oil prices show sustained 
recovery to the US$ 2 0 per barrel range and suitable 
government policies are established. 

Syncrude Canada 

AEC holds a 10 percent joint-venture interest in 
Syncrude, with an average seven percent overriding 
royalty on another 10 percent. 

During the 1986 period of precipitous oil price 
decreases, Syncrude met the challenge by reducing 
operating costs and, at the same time, setting an an-
nual production record. 

The plant achieved a record average synthetic crude 
oil production level of 130,000 barrels per day, 
10 percent of Canada's daily crude oil consumption. 
Syncrude responded quickly to lower prices by initiat-
ing programs that reduced operating and capital costs, 
Increased operating efficiency, and maximized produc-
tion. A project to increase the capacity of the fluid 
cokers was completed in March, 1986. Each of the 
two fluid cokers are now capable of operating at 
87,000 barrels per day of bitumen feed, equivalent to 
about 75,000 barrels per day of synthetic oil produc-
tion. 

Through these and other achievements, the 1986 cash 
operating cost was reduced to less than $15 (about 
US$11.50) per barrel, lower than any previous and a 
15 percent improvement over the average 1985 
operating cost. 

Construction of the Capacity Addition Project (CAP), 
a $740 million capital program designed to increase 
Syncrude's daily capability by 20,000 barrels of 
150,000 barrels, was about 55 percent complete at 
year-end. The Syncrude owners, due to lower oil 
prices, deferred CAP completion by one year to the 
end of 1988. 

The Syncrude owners and the Alberta government 
agreed to continue detailed engineering for a project 
to expand Syncrude capacity by about 50 percent. 
The government is funding the $85 million study by 
means of an interest-free advance to be repaid from 
future expansion profits. The study is to be com-
pleted in 1988 after which the Syncrude owners will 
determine whether or not to proceed. 

AEC's share of Syncrude's proven reserves as at year-
end 1986 was approximately 120 million barrels of 
synthetic crude oil. At 1986 production rates, this is 
sufficient for 25 years of operation. AEC's share of 
proven but undeveloped reserves, an additional 
70 million barrels, will be added to the reserve base 
once the Capacity Addition Project has been com-
pleted.

AEC Power Ltd. 

Alberta Energy Company Ltd. holds a two-thirds in-
terest in AEC Power Ltd., owner of the $311 million 
power plant which supplies power and steam for 
Syncrude. Profits are earned on a contractually set 
cost-of-service basis. 

AEC Pipelines 

AEC Pipelines Division operated two major oil 
pipelines in Alberta, the Alberta Oil Sands Pipeline 
and the Cold Lake Heavy Oil Pipeline, and owns one-
third of the Alberta Ethane Gathering System. AEC 
now transports more oil than any other intra-
provincial carrier. 

In 1986 record daily volumes of oil were transported, 
averaging in excess of 250,000 barrels. Expansion ac-
tivities included capacity additions on both major ARC 
owned and operated pipeline systems and construction 
of truck delivery facilities for oil at La Corey on the 
Cold Lake Heavy Oil Pipeline. 

Alberta Oil Sands Pipeline is a 270-mile pipeline 
delivering the oil production from the Fort McMurray-
based Syncrude plant to the Edmonton area where it 
is distributed to local refineries and to other pipeline 
systems for export from Alberta. 

Record daily throughput averaged 129,000 barrels per 
day. ARC Pipelines invested $5 million in pump sta-
tion and pipeline modifications to complete a system 
expansion that increased daily capacity to 
187,000 barrels from 163,000 barrels. 

In late 1986, the decision was made to relocate a 13 
mile section of the pipeline involving an investment 
of $11 million. The relocation near the Syncrude 
plant will enhance mining operations on the Syncrude 
lease. 

Engineering design will continue in 1987 on a 
$19 million system expansion that will accommodate 
increased output resulting from Syncrude's Capacity 
Addition Project expected in late 1988. 

The Cold Lake Heavy Oil Pipeline system provided 
the transportation network required to move heavy oil 
blends from in situ heavy oil projects in the 
Primrose/Cold Lake region to Edmonton. Daily sys-
tem throughput in 1986 averaged 95,000 barrels of 
blended heavy oil, compared with 44,000 barrels in 
1985. 

Following regulatory approval in late 1986, work 
began on increasing capacity by almost 50 percent to 
185,000 barrels per day of heavy oil blend with the 
addition of a pumping station at Bellis, near Smoky 
Lake, Alberta. This $6 million project will be com-
pleted in mid-1987. 

The $4 million joint-venture La Corey Truck Terminal 
was commissioned in 1986. Situated near Bonnyville, 
Alberta, the oil terminal can serve all of the region's 
heavy oil producers by accepting truck deliveries of 
heavy oil for subsequent shipment on the Cold Lake 
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Heavy Oil Pipeline. For many producers, the new 
terminal has expanded markets beyond the traditional 
eastern ones by giving access routes to the Edmonton 
area, where the oil may be utilized or moved west or 
south. 

AEC Pipelines currently carries three-quarters of the 
province's in situ heavy oil and is well situated to 
participate in future expansion of Primrose/Cold Lake 
area heavy oil production. 

Technology Development 

The Technical Services group directs AEC's research 
and development activities and serves as internal con-
sultants on advanced technological matters. Projects 
In 1986 included investments in emulsion pipeline 
technology, the upgrading of bitumen, direct conver-
sion of natural gas to chemicals, and methods to 
suppress clay migration in heavy oil steam projects. 

HP CANADA CITES SUCCESS AT WOLF LAKE 

BP Canada Inc. reports that 1986 cash flow was 
reduced by about 17 percent from the excellent 
results of 1985. Because the company continued a 
fairly active exploration program in 1986, net profit 
fell by 55 percent to $20 million. In spite of these 
disappointing results, with return on equity down to 
6.2 percent the company states that it ended the year 
in very strong financial shape and can reasonably look 
forward to much better results for 1987. 

The first full year of operations at the Wolf Lake in 
situ bitumen production facilities (in which BP has a 
50 percent interest) surpassed original expectations, 
with production of 415,000 cubic meters of bitumen 
bitumen for an average of 1,140 cubic meters per 
day. As a result of this production performance and 
a cost-reduction program, unit costs in 1986 were 
considerably below those for 1985. 

A review of the results of the first steam-injection 
cycle has confirmed the effectiveness of the current 
operating strategy. Optimization of facilities at the 
central plant progressed, with the addition of im-
proved water-handling systems, additional tankage, and 
Increased crude-dehydration capacity. These facilities 
form a major part of the work required to increase 
the production processing capacity to 1,300 cubic 
meters per day In 1987. 

Remaining work includes the expansion of the steam-
generation capacity and the addition of two new 
satellites (38 wells) which are now under construction. 
One of these pads will produce from the Lower Grand 
Rapids formation. This development is based on BP's 
single-well steam test located in the southern portion 
of the lease, which has been operating since 1982. 
The test, which was completed in 1986, has been suf-
ficiently successful to warrant commercial exploration.

In January, 1987, the Alberta Energy Resources Con-
servation Board approved the Company's application to 
expand the Wolf Lake project by 2,000 cubic meters 
per day. Front-end engineering and design work on 
the expansion has been completed, and detailed 
economic and commercial .studies are now under way. 
A decision on whether to proceed with construction 
will be made during 1987. 

The company states that a strong technical emphasis 
will be maintained In 1987, particularly in the areas 
of transportation and combustion technology. 

A partnership is being set up to field-test a novel 
method of transportation. Using oil-water emulsion 
technology, It would eliminate the need for a diluent, 
such as natural gas condensate, for the shipment of 
bitumen by pipeline. 

Results from the experimental in situ combustion pilot 
continued to show strong economic potential and the 
company has applied for patents on the process. 
Development work will continue in 1987, providing 
both reservoir data and additional operating ex-
perience. 

A study has been Initiated to design and implement 
combustion operations on a commercial scale at Wolf 
Lake. A commercial combustion demonstration using 
one satellite is scheduled for late 1988, with full-
scale operations possible in the early 1990s. If 
successful, this process could more than double the 
bitumen recovery from the lease. 

WESTMIN RESOURCES ACHIEVES INCREASED 
HEAVY OIL OUTPUT 

Westmin Resources Limited's Elk Point, Lindbergh 
area production climbed almost 50 percent to a 
record 5,138 barrels per day in 1986 to account for 
approximately two-thirds of the company's total out-
put for the year. 

The crude oil free fall of 1986 saw prices for this 
heavier grade production slump below $8 a barrel in 
April before recovering to mid-teens by year end and 
Into 1987. 

Management reacted with general corporate cutbacks, 
including postponement of all non-essential capital ex-
penditures. Operations were streamlined and about 
130 uneconomic or marginally economic wells were 
shut in. This quick action enabled the company to 
optimize production and maintain cash flow even at 
the bottom of the price cycle. 

The early part of the year saw completion of various 
projects initiated during 1985. These include doubling 
the capacities of the oil cleaning plant to 
6,000 barrels per day and of the eight-inch, eight-mile 
fresh water pipeline from the North Saskatchewan 
River to 34,000 barrels per day. The latter has been 
a profitable supplier of water to various area thermal 
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operations, in addition to supplying Westmi&s own 
needs. 

Another project that was finalized early In the year 
was the drilling of 37 wells to complete the 72-well 
infill drilling program on sections 13 and 15-556-W4M 
initiated during the final quarter of 1985. All of the 
wells were drilled directionally from central pads, 
using one pad to drill 12 wells per quarter section. 
This project was timed to qualify for Petroleum In-
centive Program (PIP) payments which expired on 
March 31, 1986. 

Although these new wells were capable of producing 
approximately 2,500 barrels per day, Westrnin cur-
tailed output to about 1,600 barrels per day to avoid 
selling large volumes at severely depressed prices. 
Despite cutbacks, the company has increased its 
producing well count in the Lindbergh area to ap-
proximately 350. As prices strengthen, Westmin will 
be in an excellent position to readily increase produc-
tion from existing wells. 

Further Immediate increases are possible from the 
many wells already cased for steam injection. Typi-
cally, primary production can recover three-to-six 
percent of the oil-in-place. However, Westmin has 
continued to develop experience in steam injection 
which can increase recoveries to 15-30 percent or 
more. 

Westmln began experimenting with tertiary recovery 
via steam stimulation in 1982 and currently has 
several pilot projects on stream. During 1986, a 
nine-well steam flood pilot was initiated on the 
northwest quarter of section 13. This brings the total 
number of experimental wells to 35. The company 
believes that the expertise garnered from these 
already-productive programs will greatly enhance 
Westmin's heavy oil potential. 

With 34 of a total of 75 Westmin sections (square 
miles) in the general Lindbergh area overlaying an es-
timated 1.4 billion barrels of oil-in-place, the com-
pany remains in an excellent position to continue 
developing this major resource for years to come. 
Furthermore, this is mineral title acreage which is 
not subject to royalty or rental payments to the 
Crown or other third parties ... except for a nominal 
annual mineral tax.

fl## 

GULF CANADA YEAR HIGHLIGHTED BY 
REORGANIZATIONS 

Gulf Canada Corporation ("Gulf") was founded in 1906 
as the British American Oil Company Limited. In 
1985, Olympia & York, privately held by the Reich 
mann family of Toronto, purchased the majority inter-
est in the company from its United States owners, 
Chevron Corporation. Gulf subsequently sold the 
downstream refining and marketing portion of its 
business, purchased a majority interest in Abitibi-Price 
Inc. and, in 1986, acquired the businesses of Hiram

Walker Resources Ltd. As a result, Gulf currently 
operates in five principal areas: the exploration and 
development of oil and gas properties through Its oil 
and gas division Gulf Canada Resources; the forest 
products industry through Its 83 percent interest in 
Abitibi-Price;	 natural gas distribution through its 
83 percent interest in The Consumers' Gas Company 
Ltd.; the distilled spirits business through its 
49 percent interest in Hiram Walker-Gooderham & 
Worts Limited; and the operation of pipelines in North 
America through its 41 percent interest in Inter-
provincial Pile Line Limited (IPLJ. IPL also owns 
100 percent of home Oil Company Limited which 
carries on an oil and gas business, principally in 
Canada. 

Oil and Gas Division 

On January 22, 1987, Gulf announced its intention to 
renew exploration In Canada's Beaufort Sea and to 
pursue opportunities internationally in the search for 
oil and gas. Gulf also announced Its decision to es-
tablish the the present oil and gas division of Gulf in 
a separate, publicly-traded company. 

This company will be one of the largest Canadian 
owned and publicly-traded upstream oil and gas com-
panies, with the financial strength to pursue its op-
portunities aggressively. In the Beaufort, Gulf plans 
to begin drilling this year, subject to government ap-
proval, to follow up its 1984 Amauligak discovery, 
with a view to full production in the early 1990's. 
The Amauligak structure contains about halt of the 
1.4 billion barrels of oil discovered by the Industry in 
the Beaufort. These reserves will be needed in the 
years ahead to replace rapidly diminishing conven-
tional supplies in Western Canada. 

The oil and gas division of the company, Gulf Canada 
Resources, operates five major gas processing plants 
with interest in 40 others, is a participant in the 
Synerude oil sands project and has extensive land 
holdings in Western Canada and the frontiers. 
Noteworthy exploratory successes in recent years in-
clude the discovery of Amauligak in the Beaufort Sea 
and participation in the Hibernia field off New-
foundland. 

Oil and gas earnings for the year ended December 31, 
1986, were $155 million, a decrease of $100 million 
from the $255 million earned in 1985 which was 
$4 million below the $259 million earned in 1984. 
The major factor contributing to the decline in 1986 
compared to 1985 was lower crude oil prices, reflect-
lag lower prices on world markets. Other factors 
were lower crude oil and natural gas production 
volu mes. 

Net production of crude oil and natural gas liquids, 
Including synthetic crude oil, during 1986, was 
75,000 barrels per day, a decline of 10 percent from 
1985. Volumes in 1985 had decreased eight percent 
from 1984. The declines are a result of reduced 
demand for Alberta crude due to substitution by off-
shore production, pipeline constraints, and Alberta 
demand sharing programs, together with natural reser-
voir declines in certain older fields. 
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feet per day in 1985. The main cause of the 
decrease was reduced demand in both domestic and 
export markets, due largely to interfuel competition 
resulting from lower crude oil prices. 

Gross production of heavy oil was essentially un-
changed from 1985, at 5,100 barrels per day 
(Table 1). 

For the second year in a row, Syncrude achieved 
record production levels. Gulf's share of synthetic 
crude oil deliveries was 11,600 barrels per day, up 
two percent from 1985. 

Natural gas liquids (NGL) produced and sold amounted 
to 13,800 barrels per day, compared with 
14,300 barrels per day in 1985. In 1986, more NOL 
production Was directed to injection for enhanced oil 
recovery projects, leaving less available for sale. 

Natural gas produced and sold decreased in 1986 to 
269 million cubic feet per day from 313 million cubic

Proved reserves of crude oil, NGL and synthetic crude 
oil, before the deduction of royalties, increased to 
367 million barrels in 1986 from 337 million barrels 
the year previous. Reserves of conventional and 
crude oil and NGL added in 1986 through drilling, 
revision of previous estimates and improved recovery 
did not fully offset production and the distribution of 
resource properties to Noreen upon its withdrawal 
from the Gulf Resources Partnership. However, the 
decline was more than offset by increased proved 
reserves of synthetic crude attributable to Syncrude 
(Table 2). 

TABLE 1 

GULF CANADA RESOURCES HYDROCAEBWS PRuLcflai
(Net of Royalties) 

Production 

Liquid Hydrocarbons 
(thousands of barrels per thy) 
Conventional Light and Medium 
Heavy Oil 
Natural Gas Liquids 
Synthetic Crude 011 

Total 

Natural Gas 

1986 1985 1984 1983 

50 58 67 65 
3 4 4 3 

11 ii. 12 12 
11 10 7 8 

75 03 90 88 

(millions of cubic feet per day)	 212	 239	 241	 184 

TABLE 2 

GULF CANADA RESERVES OF (DE OIL AND NATURAL GAS LIQUIDS
(Gross Reserves Before Deduction of Royalties) 

1986 1985 1984 1983 

252 255 297 323 
115 82 86 89 

367 337 383 412 

326 334 370 389 
436 394 310 291 
159 82 86 89 

921 810 766 769

Crude Oil and Mt (millions of barrels) 
Proved: 

Western Canada Conventional 
Synthetic/Syncrude 

Total Proved 

Established: 
Western Canada Conventional 
Rest of Canada 
Synthetic/Syncrude 

Total Established (lacludes Proved)
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OH Sands Future 

The Annual Report states that Gulf Canada Resources 
continues to pursue opportunities for development of 
its interests in oil sands and coal. 

The most important involvement In oil sands is held 
through a 9.03 percent interest in the Syncrude 
project. A significant reduction in capital expendi-
tures resulted from the decision to delay completion 
of the Capacity Addition Project by one year to 1088. 
The project will add approximately 18,000 barrels per 
day to total Syncrude capacity. 

Planning and engineering for a further plant expansion 
at Syncrude was suspended in early 1086, but resumed 
when the Alberta government loaned 85 million to 
continue the work; the loan is repayable from earn-
ings should the expansion proceed. 

Evaluation work and feasibility studies also continued, 
although on a reduced basis, at the Sandalta and the 
Other Six Leases Operating Agreement properties. 
Gulf has a 52 and 20 percent interest, respectively, in 
these two mineable oil sands prospects. 

# # U U 

SIMMONS MARKETING WESTERN EXTRACTION 
TECHNOLOGY'S IN SITU PROCESS 

The Simmons Companies, Phoenix, Arizona is seeking 
project sponsors for a field demonstration of bitumen 
extraction technology owned by Western Extraction 
Technology, Inc. (WET). The technology involved was 
originally developed as an above-round extraction 
process for mined oil sands. It was reviewed in the 
Pace Synthetic Fuels Report in December, 1085, page 
3-26. 

Process Description 

As described in that review, the process utilizes a 
non-flammable, non-toxic, and environmentally safe 
Separation Reagent which produces a clean-burning 
(low ash), lower density, upgraded bitumen from tar 
sand. The process can be operated as a closed' 
system, recycling process water and reagent. in addi-
tion to an upgraded bitumen, the process produces 
clean sand, clay, and metal-hydrocarbon agglomerates 
useful as fuel. 

Tar sand Is introduced into an aqueous solution con-
taining a proprietary Separation Reagent. Then the 
solution is subjected to low level radio frequency 
energy under ambient conditions. The lighter 
hydrocarbon fractions separate and collect as a layer 
on the surface of the solution. The heavier fractions 
of bitumen agglomerate to form coke-like solids which 
contain a substantial quantity of the heavy metals 
originally present.	 The Separation Reagent is 
recovered and/or recycled. 

The WET process Is unique in that it separates tar 
sands into an upgraded asphaltene-free fraction low in

metal content, and a fraction of heavier coke-like ag-
glomerates containing most of the metals. Ex-
perimental results indicate that specific chemical 
components of the bitumen react with the Separation 
Reagent in the presence of low radio frequency 
energy. According to Western Extraction Technology 
the bitumen is believed to separate by a membrane 
mimetic mechanism. 

Athabasca tar sand contains bitumen which is rich in 
polar resin and asphaltene molecules. Both asphal-
tenes and resins consist of aromatic sheets with 
saturated and polar functional groups spaced closely 
on long chains. Asphaltenes in their natural state ex-
ist in micelle form, peptized with resin molecules. 
The center of this micelle can be either metal 
(vanadium, nickel, iron, etc.), or silica (or clay), or 
trace water. The essential feature is that the polar 
groups are concentrated toward the center. This Is 
termed oil external-water Internal or reversed micelle. 

Cavitation induced by the low radio frequency energy 
causes emulsification of polar and non-polar asphal-
tene and resin molecules and metals into a con-
tinuous, single phase micelle of the polar external 
form, The Interaction of the Separation Reagent with 
the resin molecules acts in a membrane mimetic 
fashion. That Is, a selective cation (e.g., sodium, 
potassium) present in the reagent associates with the 
heterocycle center.	 The counter anion is activated 
and dissolves in the oil phase. In this manner the 
molecule containing the heterocycle center is dis-
sociated and any ionizable proton such as In COOS, 
SH, or Nil is replaced in the cation. 

The Separation Reagent then forms a Hartley micelle 
or polar-external micelle. The outer counter anions 
emulsify the oil and the micellar structure becomes a 
microemulsion stabilized by the reagent molecules. 

The Separation Reagent Is in the form of a 
microemulsion of polar micelles dispersed in an 
aqueous phase. Polar organic bitumen components are 
carried into the aqueous phase by associating with the 
outer anions on the micelles. Separation results as 
the micelles containing the lighter components rise to 
the top of the aqueous phase and then release the 
lighter components to form a layer. The heavier 
preasphaltenes and asphaltenes co,nplexed with metals 
precipitate and agglomerate to form charcoal-like 
material. The microemuision of micelles remains 
stable and can repeatedly be utilized as the Separa-
tion Reagent. 

Process History 

Development of the technology has taken place over 
the course of a five year period commencing in 1981 
with experimentation under the direction of Dr. Lloyd 
Motz of Columbia University. A California partner-
ship, Tar Sands Energy, Ltd., of which John Akiskallan 
is the general partner, acquired the technology in 
1982. Tar Sands Energy, Ltd., then contracted with 
Western Extraction Technology, Inc. to act as re-
search and development manager. 
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Western Extraction Technology, Inc. is a California 
close corporation of which the principal shareholders 
are Akiskalian, Robert B. Palmer and Alan M. Smith. 

Beginning in 1983, under contract to Western Extrac-
tion Technology, Inc., Dr. Teh Fu Yen at the Univer-
sity of Southern California carried out further re-
search. A significant technological advance in the re-
search was achieved in 1984. The process used for 
bitumen extraction resulted in an upgraded end 
product, free of asphaltenes. Since that time refine-
ments in the procedures have advanced the technique 
and reduced the time required for the extraction 
process. 

Patent applications covering the technology were filed 
in 1984. The Simmons Companies were assigned ex-
clusive marketing rights in 1985. 

Economies 

Preliminary processing economics indicate that a 
commercial operation would cost approximately 
$7.00 per barrel of recovered, upgraded bitumen, ex-
clusive of mining costs. 

In Situ Application 

The actual composition of the Separation Reagent has 
not been revealed, as the patents have not yet been 
issued. Simmons and Western Extraction Technology 
now believe that an in situ application of the reagent 
has the potential to mobilize heavy oil In the reser-
voir. The companies state that while research toward 
the down-hole technique has been less extensive than 
that directed toward the mined-extraction technology, 
the process has demonstrated its efficacy to increase 
the fluidity of heavy oil, and this supports the pre-
diction of its ability to enhance reservoir mechanics. 

A further application of the technology is the use of 
the reagent as a diluent to Improve hydraulics of 
pipelining heavy, viscous oils. 

The companies hope to carry out a field test of the 
process jointly with some company holding an Alberta 
heavy oil position. The program would include 
laboratory testing of the proprietary reagent with test 
cores from the reservoir, followed by injection of the 
reagent into a test well to observe its action on the 
reservoir and on the well performance. 

CANADIAN HEAVY OIL ASSOCIATION SCHEDULES 
ACTIVITIES 

The young Canadian Heavy Oil Association has 
developed a strong schedule of activities. The as-
sociation currently lists approximately 300 members. 
Some 100 attended the January 28 meeting. 

The association was a co-sponsor of the Fourth An-
nual heavy Oil and Oil Sands Symposium, which was

held at the University of Calgary, February. Some 
320 attendees registered for the meeting. 

A second 1987 technical meeting was held April 28, 
in Calgary. The theme of this meeting was "Heavy 
Oil Well Completions and Production". A call for 
papers has been Issued for the third quarterly techni-
cal meeting on September 22, with the theme being 
"Surface Facilities Optimization". 

Technical committees are being organized in various 
areas of interest. Further information may be ob-
tained by contacting the Canadian Heavy Oil Associa-
tion, 216, 2835 - 23rd Street, N.E., Calgary, Alberta 
T2E 7A4.	 - 

EXXON REPORTS INCREASED PRODUCTION AT 
COLD LAKE 

Exxon Corporation's 1986 Annual Report notes that its 
Canadian subsidiary, Imperial Oil, completed the fifth 
and sixth stages of its project at Cold Lake, Alberta, 
to recover bitumen by injecting steam. Production 
reached a new high of nearly 73,000 barrels of 
bitumen a day. Most of this Is sold to refineries in 
the midwestern United States that are specially 
equipped to process heavy oil, including Exxon USA's 
refinery at Billings, Montana. Cold Lake blend 
(bitumen mixed with gas condensate for shipping) 
reaches Billings via a 120-mile pipeline completed in 
late 1985 from Edmonton to Sondra, Alberta, where it 
connects with existing systems.	 At year end, the 
refinery	 was being supplied at 	 a	 rate of
15,000 barrels a day. 
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GOVERNMENT 

ENERGY DEPARTMENT ANNOUNCES SMALL 
BUSINESS AWARDS 

The United States Department of Energy has selected 
113 proposals from small, high-technology firms in 
26 states for funding under Its Small Business Innova-
tion Research program. 

The proposals were chosen on the basis of technical 
merit from 942 submitted In 28 technical, energy-
related research topics ranging from chemical sciences 
research to solar thermal technology. 

The contracts, which will average $50,000 for about 
six months, were expected to be awarded by mid-May, 
subject to determination that the proposed projects 
have not been funded by another federal agency. 

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

Three awards were made under the heading of En-
hanced Oil Recovery and Tar Sands, as follows: 

Carbotek, Inc., 2916 West T. C. Jester, Suite 
101, Houston, Texas proposes A Novel, Insulated, 
Double-Walled Tube Design for Thermally-
Enhanced Oil Recovery. 

Energy Recovery Technology, 25 W 280 Uighview 
Drive, Naperville, Illinois will study High Ef-
ficiency Tar Sand Oil Recovery. 

Remington Energy Corporation, 5553 South 
Peoria Avenue, Suite 117, Tulsa, Oklahoma will 
work on the Application of Time Delayed Gels 
for Fluid Control as an Oil Recovery Displace-
ment Process. 
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ENERGY POLICY AND FORECASTS 

LONG-TERM OUTLOOK FOR EXTRA HEAVY OIL 
AND NATURAL BITUMEN TERMED FAVORABLE 

In a paper delivered to the Twelfth World Petroleum 
Congress held in Houston in April, G. J. Willmon of 
Esso Resources Canada Limited presented an overview 
of the economic outlook for extra heavy oils, natural 
bitumens and shale oils. He noted that in the 1970's 
and early 1980's, increased oil prices, combined with 
various nations' desires to reduce their dependence on 
external sources of oil, provoked a rapid increase in 
non-conventional oil activity. Predictions of ever-
increasing oil prices, and the strong government sup-
port provided in many countries, led to ambitious 
plans for natural bitumen and oil shale developments. 
However, only a few of the most economic proposals 
could be commercially developed before oil prices 
leveled off shortly after the beginning of this decade. 
The recent rapid decline in oil prices has substantially 
reduced the viability of current and planned develop-
ment. The long-term outlook is very sensitive to 
crude oil prices, the development of improved tech-
nology and the provision of suitable fiscal terms by 
governments. 

Technology Development 

Although a recovery in oil prices would help to re-
store the economic viability of developing these 
resources, Wilimon suggests that other alternatives 
must also be examined. One alternative Is the 
development of more cost-effective technologies which 
would permit commercial development despite a low 
crude oil price outlook. Currently, a broad range of 
high potential technologies for resource recovery, 
transportation and upgrading Is under study. 

More efficient in situ recovery Is being achieved by 
several means. One Is by adding chemicals to in-
jected steam to improve displacement efficiency or to 
decrease steam channeling Into thief zones. Improved 
sweep efficiency is also being obtained by using im-
proved hydraulic fracturing technology and horizontal 
wells, both of which increase reservoir drainage. The 
performance of horizontal wells drilled from shafts 
and tunnels will be tested under the auspices of the 
Alberta Oil Sands Technology and Research Authority. 

The application of dredging technology to the surface 
mining of oil sands is being investigated in Canada. 
The preliminary results indicate that dredging technol-
ogy may offer substantial cost reductions over exist-
ing surface mining technology. Additional savings ap-
pear likely if efforts to couple a cold water extrac-
tion process to the dred ging operation are successful. 

Hydraulic mining methods for deep, non-surface mine-
able deposits are also being investigated. These tech-
niques rely on a jetting tool which Is lowered into a 
conventional drill hole to hydraulically excavate the 
oil sand. 

Several promising technologies for the surface extrac-
tion of bitumen from oil sands are being investigated.

The conventional Clarke hot water process is expected 
to give way to cold water processes which require 
less energy. Other active programs to develop sol-
vent extraction processes, primarily for lower grade 
oil sand, are under way. In addition, sand retorting 
processes offer several potential advantages, including 
reduced requirements for water and its disposal, and 
the production of a pipelineable product. 

The viscosity of extra-heavy oils and natural bitumens 
must be reduced before they can flow easily through 
a pipeline. Several processes which are capable of 
partially upgrading viscous oils and bitumens to In-
crease pipelineability are in various stages of 
development. The prospect of wholly or partly 
upgrading bitumen in situ as it Is being produced is a 
concept which is currently under research and 
development. 

New and improved technology holds real promise for 
reducing the cost of developing and producing heavy, 
highly viscous petroleum resources. Furthermore, 
technology remains the one important factor over 
which industry can exert the most control. The tech-
nologies discussed above may reduce the current capi-
tal investment and operating costs of typical 
development projects by 30 percent or more. Such 
savings would have a significant effect on the 
economic viability of high cost resource development. 
Projects at about U S$ 20 per barrel may again be-
come viable, where they were once only viable at 
US$30 per barrel or more. 

However, as Wilimon points out, there are some 
drawbacks. Innovative technology may not, in itself, 
be enough to encourage new investment, unless oil 
prices also show a meaningful and sustained recovery. 
So, although several technological opportunities have 
been Identified, the long incubation period and high 
development risk required to bring them to fruition 
may combine to dampen enthusiasm and delay their 
development, particularly in the current corporate en-
vironment of stashed budgets. Unfortunately, this, in 
turn, could postpone the timing of new major projects 
even further. 

Economic Outlook 

In addition to the potential impact that new tech-
niques and technologies may have on the economic 
viability of future resource development, two other 
factors play a critically important role. These criti-
cal factors are: the price outlook for crude oil, as In-
fluenced by supply/demand balances, and the role that 
individual governments play in encouraging resource 
development. 

Esso made a comparative analysis of the threshold 
prices necessary to develop hypothetical new projects 
for various categories of non-OPEC supply. As shown 
An Figure 1, a price of US$20 per barrel or less would 
discourage development of most of the marginal 
supply sources identified, given current technology. 
The immediate outlook for development of this sector 
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FIGURE 1 
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According to Wiilmon, technology and government 
policy are the two factors most likely to achieve ac-
celerated development. Technological advances have 
demonstrated significant potential to achieve both 
capital investment and operating cost savings, in some 
cases by more than 30 percent. however, innovative 
ideas will have to be tested and proven to be com-
mercially viable before this potential can be realized. 
Unfortunately, the costs associated with pilot and 
demonstration-scale technological development are 
very high. The oil industry's challenge will be in 
demonstrating its ability to find the resources, then 
having the courage and vision to invest in the tech-
nology necessary to make various projects attractive, 
even under marginal price outlooks. 

Governments also play a major role in determining 
the future of resource development. Public policy 
can best help the extra-heavy oil and bitumen 
developers by providing financial support to offset the 
high cost of technology development. Such technology 
development, combined with the application of special 
fiscal terms, would alleviate the high financial risks 
associated with long payout projects. 

Is not promising. The vulnerability of large projects 
with tong payouts, combined with depleted financial 
resources and the current pessimism of investors, 
would also imply little activity In the medium-term. 
Ultimately,	 however,	 these resources will be 
developed. The question Is when, and under what 
conditions. It is clear from Figure 1 that extra-heavy 
oil and natural bitumen will be the leaders.
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ECONOMICS 

COST OF HIGH DENSITY JET FUEL FROM TAR 
SAND DETERMINED 

In July, 1983, the Research and Development Depart-
ment of Ashland Petroleum Company began work un-
der a United States Air Force Contract titled 
"Turbine Fuels From Tar Sands Bitumen and Heavy 
Oils". The program was completed In July, 1986, 
meeting the program objectives for determining the 
cost, yield, chemical properties, and physical charac-
teristics of variable quality aviation turbine fuels 
produced from tar sand bitumen and heavy oil crudes. 
Pilot plant scale samples of specification grade fuels 
were produced. 

The Air Force is concerned about the overall declin-
ing quality of petroleum for aviation turbine fuels. 
Since these fuels are required to meet stringent cor-
rosion, thermal stability, and purity specifications, 
very little in the way of contaminants or heteroatoms 
can be tolerated. While all turbine fuels were 
originally prepared from high quality virgin stocks by 
simple distillation, many commercial and military 
fuels now require hydrotreatment to meet specifica-
tions. The Ashland work considered the problems that 
would be faced in the future if refiners were to make 
turbine fuels from tar sand bitumen and heavy oils. 

Feedstock 

Raw Westken bitumen was utilized as the feedstock. 
This material was produced by the Kensyntar project 
from a deposit located in Edmonson County, Ken-
tucky, near the southeastern rim of the Illinois basin. 
The Westken bitumen has a 10.4 0 API gravity, a high 
metals content, high pour point and a significant 
residuum content. Distillation yields show virtually no 
virgin turbine fuel and about 50 volume percent heavy 
gas oil (600-1,0000F). 

Process Characteristics 

The processing sequence used by Ashland is shown in 
Figure 1. The primary elements of this refining ap-
proach are carbon rejection and demetallation using 
Engelhard's ART process technology, boiling-range 
conversion and production of finished gasoline stocks 
with Ashland's RCC process technology, and upgrading 
the light distillate stream to turbine fuels by 
hydrotreating. 

Fuel Characteristics 

Four JP-4 (MIL-T-5624L) samples were produced by 
varying the severity of the final hydrotreater. These 
samples provided a range of aromatics contents from 
conventional to extreme, and addressed the Air Force 
efforts to evaluate the effects of higher aromatics 
contents on jet engines. Increased aromatics levels 
offer cost reductions and increased fuel energy per 
unit of tank volume, but also result In decreased en-
gine combustion liner life and Increased smoke emis-
sions.	 The JP-4 samples were excellent fuels. 	 in
contrast to conventional JP-4, this fuel showed very
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naphthenic character,	 with a low API gravity, 
hydrogen content, and K factor. Thermal stability 
and freeze point were excellent. Key characteristics 
of all the JP-4 samples varied linearly with aromatics 
content. 

A JP-8 fuel (MIL-T-83133) was also prepared 
(Table 1). The production method resulted in an ex-
tremely naphthenic fuel; existing hydrogen content 
specifications were met only by reducing the distilla-
tion end point of the fuel by about 70 0 F. Thermal 
stability, freeze point and water reaction for this fuel 
were outstanding. Smoke point, however, was mar-
ginal due to the low hydrogen content. Of particular 
interest, this fuel confirmed the high volumetric heat-
ing value anticipated for naphthenic or so-called "high 
density" fuels. 

Economics 

Because of the severe end-point reduction required for 
the JP-8 sample, cost savings and Increased fuel den-
sity could be obtained if the JP-3 hydrogen specifica-
tion were relaxed. As shown in Figure 2, reduction 
to about 13.3 percent hydrogen would significantly 
reduce the cost. Further cost reductions were minor 
at lower hydrogen levels. While lowering the 
hydrogen content of the fuel to these levels would 
probably result in increased smoke and engine main-
tenance costs, these data suggest that a slight reduc-
tion in hydrogen specification could reap large 
benefits in terms of product availability, cost and 
density.
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TABLE 1 

FINAL 'flJBHINR FUEL JP-B (MIL-T-83133) PRODUCED FROM
TAR SANDS BY ASHLAND

Mu-Spec Tar Sand 
Test Limit Sample 

Color (Saybolt) Report +30 
.Acidity, Total	 (ng KOH/g) 0.015 max 0.001 
Aromatics (vol %) 25.0 max 12.0 
Olefins	 (vol %) 5.0 max 0.8 
Sulfur, Total	 (wt %) 0.3 'mx 0.005 
Distillation,	 Initial	 (°F) Report 296 

10% flee.	 (°F) 401 max 338 
206 flee.	 (°F) Report 352 
5096 Rec.	 (°F) Report 384 
9096 Rec.	 (°F) Report 451 
Final BP	 (°F) 572 500 

Residue (%) 1.5 mx 1.1 
Loss	 (96) 1.5 max 0.9 
Flash Point	 (°F) 100 min 103 
Gravity, API	 (60°F) 37-51 39.2 
Density (Kg/i Q 15°C) 0.775-0.840 0.8389 
Freezing Point	 (°F) -58 max <-90 
Viscosity Q -40F	 (est) 8.0 max 4.13 
Net Heat of Combustion (BTU/lb) 18,400 min 18.505 
Hydrogen Content (wt%) 13.5 min 13.52 
Smoke Point	 (nm) 19 mm n 19 
Naphthalenes	 (vol %) 3.0 wax 0.159 
Copper Strip (2 hr ii 212 0 F) IS max IS 
Thermal Stability at 500°F 

P (urn Hg) 25 max 0.0 
Preheater Tube Color Code 2 max 1 

Existent Gum (mg/ 100 nI) 7 max 1.8 
Water Reaction Ratings IS max U 
MSEP Mode A 93
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SYNCRUDE MAKES ECONOMIC PROGRESS IN 
MINING OIL SANDS 

Although much attention has been focused on 
Syncrude Canada Limited's capacity expansion project 
and improvements to the extraction process, few are 
aware that the costs of mining the oil sands have 
been and can be reduced substantially. According to 
R. W. Smith of Syncrude, progress has been sig-
nificant. 

Syncrude's mine Is one of the largest open pit mines 
in the world. The mining area of 10 square miles ex-
tends 2.6 miles In a north-south direction. The mine 
is divided Into four quadrants with one dragline and 
one bucketwheel reclaimer in each quadrant. 

The draglines are used to mine and pile the oil sand 
In windrows. The oil sand is then transported to the 
extraction plant by a system of bucketwheels and 
conveyor belts. Auxiliary feed can be supplied 
through standby "feeder breakers" fed directly by 
trucks and shovels.

Overburden removal, which precedes mining by at 
least sic months, is accomplished by hydraulic shovels 
and 170-tonne trucks. 

Cost Elements 

Smith notes that material handling costs are a major 
component of the final cost of oil sands synthetic 
crude and can also form a significant portion of the 
capital. The high unit costs of material handling are 
a unique part of the price structure of synthetic 
crude. This is because the equipment used has to 
withstand a combination of impact, abrasion, low 
temperatures and contact with bitumen. The resource 
is remote, difficult to mine, hard on equipment, ex-
pensive to process, and located in a region where the 
climate is challenging. 

With approximately 25 miles of conveyor belts, and 
thousands of pieces of mobile equipment, Syncrude has 
a strong incentive to improve performance. 

Smith feels this part of the cost of synthetic crude 
is the most amenable to reduction by improved tech-
nology. The economics of this part of the operation, 
however, are not the same as those of a conventional 
mining operation. 

The cost of producing synthetic crude Is broken down 
to 40 percent mining, 30 percent upgrading, 
15 percent extraction and 15 percent utilities. Each 
of these major operating elements contains a large 
fixed operating component. In total, fixed operating 
costs, exclusive of any investment costs, represent 
85 percent of total operating expenses. As a result, 
unit costs and profitability are extremely sensitive to 
production rates. This drives the organization's ef-
forts toward adopting new technology, and emphasiz-
ing production reliability, which influences the overall 
economics of the plant. 

As a measure of the success already achieved, syn-
thetic crude oil is currently being produced at 
Syncrude at an operating cost of Us$11.50 per barrel 
compared to a cost of US$19.00 per barrel in 1979. 
This performance Is shown in Figure 1. 

Reliable Operation 

The surface-mined oil sands have high capital invest-
ment and high fixed operating costs. The costs in-
curred when not operating the plant are not sig-
nificantly different from normal operating costs. This 
means that reliability is the critical requirement for 
the operation to be economically successful. 

The gains that have been made are the result of 
thousands of small improvements —for example, in the 
heat tracing of many thousands of lines to keep them 
warm in winter. There have been technology-based 
changes in areas such as new conveyor belting tech-
nology. Another example is a new utility plant ad-
vanced control system. By providing the benefits of 
improved process control, this system has a significant 
impact on the reliability of the operation. 
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FIGURE 1 
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Material Handling Coats 

The amount of material moved annually at Syncrude 
is equal to roughly 40 percent of the total volume 
moved by all oil sands, coal and iron ore operations 
in Canada. In addition to the large quantities moved, 
oil sand is a sticky and abrasive material that takes 
an expensive toll on all mechanical equipment it 
touches. 

Mining and material handling costs present one of the 
major opportunities for cost reductions. Costs have 
already been reduced by a number of programs which 
go beyond the usual technical and operational support 
activities associated with a large open pit mining 
operation. For example, much effort has been made 
to find the real cause behind component failures--then 
to assist manufacturers to develop components suited 
to the demanding environment of an oil sands mine. 

Conveyor Belting 

Conveyor belting has a tendency to crack due to 
northern Alberta's low winter temperatures. 	 ln the 
first full winter of operation (1978-1979), some 
33,000 feet of conveyor belt suffered cold weather 
cracking at temperatures no lower than -40°C--an ex-

Patience which prompted Syncrude to launch a series 
of tests to study the influence of adhered oil and 
layers on the failure properties of the belts at low 
temperatures. The new understanding gained through 
these experiments has been incorporated by the belt-
ing industry worldwide, with the result that belts now 
withstand temperatures to -50 0 C without tailing. 

Similar cooperation between Syncrude and manufac-
turers has resulted in the inclusion of fabric breakers 
in belt covers to Improve resistance In areas of heavy 
abuse, such as the bucketwheels. In addition, new 
cover stocks, containing permanent plasticizers, are 
now extending belt life. 	 Belting costs have been
reduced by 50 percent since start-up. 

Mine disruptions have also been reduced--along with 
the need for maintaining large belt inventories. Since 
the late 1970s, Inventory levels have dropped from 
20 percent to 10 percent. 

Conveyor Belt Splicing 

Steel cable conveyor belts are subjected to heavy 
abuse in an oil sands nine--especially the short belts 
associated with bucketwheel reclaimers and radial 
stackers. As late as 1980, the average life of a 
splice In these belts was three months. Investment in 
one-piece vulcanizers, well-designed splice shacks, fin-
proved splicing procedures and employee training have 
combined to produce marked improvement in splice 
quality. Today's splices last up to two years on short 
belts and there have been no splice failures on long 
conveyors since the last belt change-out in 1962. 

Conveyor idlers 

Although the steel shell conveyor idlers originally in-
stalled at Syncrude represented state-of-the-art tech-
nology for large open pit mines, oil sand build-up 
caused accelerated wear, fatigue and vibration 
problems. This led to an average idler life of only 
six months in the early days of the operation. 

Since then, technology Improvements, including the 
development of self-cleaning idlers, have resulted in a 
minimum service life of two years. 

Abrasion Resistant Materials 

In the early 1980's, abrasive wear on equipment cost 
Syncrude at least $20 million annually in repair and 
replacement materials, components and labor. 
Through the investigation and adoption of new test 
methods, the company is now able to reliably select 
abrasion resistant materials for areas of heavy wear. 
As an example, chrome white iron bucketwheel cone 
liners, introduced in 1963, have a projected perfor-
mance life of eight years. This compares to the an-
nual change-out required by previously used steel cone 
liners. Applied to four bucketwheeis, the new ap-
proach translates to savings of $1 million and 
255 days downtime each year. 

Similar improvements to the performance life of 
bucketwheel digger teeth are expected to see their 
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performance life rise from the current two million 
tonnes to three million tonnes in the future. 

Lubrication 

In 1983, bearing failures, which were costing Syncrude 
significant downtime, were traced to spelling and me-
tal fatigue caused by inadequate lubrication. By pur-
suing the problem with suppliers, Syncrude was in-
strumental In developing a new all-season grease 
which ensures adequate bearing lubrication across the 
full range of operating temperatures. Since adopting 
the new lubricant in the fall of 1984, no further 
bucketwheel hollowshaft bearing failures have oc-
curred, resulting in a four percent gain in equipment 
availability. 

Optimum Conveyor Loading 

The control of conveyor loading presented problems 
during the early days of the Syncrude operation. This 
led to the development of a system to define an op-
timum bucketwheel digging rate, geared to the rapidly 
changing temperature and ore-grade conditions in the 
mine. A measurement and display system now allows 
the bucketwheel operator to accurately forecast load-
ing on the downstream conveyor so that the digging 
rate can be adjusted accordingly. 

Winter Mining Scheme 

Since 1982, a winter mining scheme has been effec-
tive in improving unacceptably low bucketwheel con-
veyor production rates and operating hours during the 
coldest months. A new system of windrow inventory 
management classifies Inventory as "controlled" or 
"emergency". Emergency inventory of up to 
800 thousand tonnes is allowed to freeze and is only 
reclaimed as required--in the case of extended 
dragline outage, for example. In contrast, controlled 
Inventory Is reclaimed after six to eight days and is 
virtually frost-free. 

During the winter, the placement of windrows is 
designed to facilitate more efficient reclamation by 
the bucket'vheel and reduce plugged . equipment 
problems due to frozen materials. Similarly, the 
leveling off of windrow height at 69 feet eliminates 
frozen overhangs that could break and damage the 
bucketwheel. 

In operation for the past two winters, the scheme has 
increased winter production by between 10 percent 
and 20 percent. 

Among other initiatives for reducing material handing 
costs are stringent equipment monitoring and preven-
tive maintenance programs, a new rock management 
strategy, and innovative approaches such as installa-
tion of a feeder breaker system. The first of its 
kind In the industry, it provides improved flexibility in 
feeding oil sands to the plant. 

Despite the many efficiencies in material handling 
costs already achieved, there are clearly significant 
incentives for further change. The drive for higher 
utilization continues, and, at the same time, there is

a recognition that technology changes can make major 
Improvements. As an example, new approaches to 
overburden removal are now under study. Hydraulic 
transport, involving the use of dredging equipment, 
may hold the answer to lower costs. A feeder 
breaker/conveyor/spreader system is also being inves-
tigated, as is a move to larger trucks, such as those 
in the 300-tonne range.	 - 

Future Directions 

The past developments in the oil sands industry have 
been driven by the incentives for higher reliability, 
lower material handling costs and improved yield and 
recovery. The oil sands plant of today is considerably 
different than the original design of a decade ago. 

Smith makes the case that the production of synthetic 
crude from the surface-mineable Athabasca oil sand 
deposit has proven Its economic viability under 
reasonable oil pricing scenarios. This viability will be 
further enhanced by continually reducing the unit cost 
of production. Syncrude's target is US$ 10 per barrel 
by 1991. 

This trend down in operating costs will make the 
surface-mineable Athabasca oil sands one of the most 
competitive sources of oil in North America for the 
1990's.	 - 
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TECHNOLOGY 

CARBON DIOXIDE INCREASES BITUMEN RECOVERY 
IN HOT WATER PROCESS BY THREE PERCENT 

Improvements in the middlings flotation circuit of the 
Hot Water Extraction Process have been tested by 
adding sequestering agents to the pulp and using 
carbon dioxide Instead of air as the flotation gas. A 
report on this technique was given by M. Greenfeld 
for Brenda Mines Ltd. at the University of Calgary 
Heavy Oil and Oil Sands Technical Symposium held in 
February. 

Greenfeld states that an increase in bitumen losses to 
the tailings streams with a decrease in oil sands 
bitumen grade Is well documented. This is considered 
a major shortcoming of the Hot Water Extraction 
Process. Processing a lower grade ore usually means 
an increase in fine solids (-325 mesh) and clays, and 
results in lower bitumen recovery from the Primary 
Separator Vessel (PSV). It also Increases the PSV 
middlings flow to the middlings flotation (secondary) 
circuit. Consequently, available residence (flotation) 
time in the secondary circuit and bitumen recovery 
are greatly reduced and, at the same time, the 
production of contaminants, solids and water in the 
primary and secondary froths increases substantially. 

For example, processing eight percent head grade oil 
sands compared to 12 percent head grade, may in-
crease the middlings mass flow rate by a factor of 
four and the bitumen distribution to this stream in-
creases from less than five percent to about 
50 percent of the bitumen in the feed. The cor- 
responding overall bitumen recovery is reduced from 
about 90 percent to 60 percent, and the mass of 
solids and water contaminants in the concentrate in-
creases by about 25 percent.	 Increasing flotation
residence time, by adding equipment capacity, will in-
crease recovery. however, the total bitumen froth 
production is limited by the total mass of con-
taminants, especially fine solids, which can be handled 
In	 the	 froth	 treatment	 plant	 (by	 dilution
centrifugation). 

Improvements Tested 

The Brenda Mines work was carried out mainly on 
middlings samples, because it was evident that most 
of the bitumen from processing lower grade oil sands 
was b3ing distributed to the secondary, or middlings 
flotation circuit. Middlings samples were tested from 
both Syncrude and Suncor. 

The modified flotation procedures which were tested 
Included: 

Using carbon dioxide as flotation agent 
Flotation reagents: 

(a) Coke or coal as bitumen and surfactant 
collectors and clay depressant. 

(b) Modifiers, such as multivalent cation 
sequestering agents and other dispersing

agents,	 In combination with carbon
dioxide flotation. 

(c) Other reagents, precipitants, pH 
modifiers, such as soda ash and sulfuric 
acid. 

Interpretation 

The test results discussed by Greenfeld confirmed the 
important role of in situ produced surfactants in the 
middlings flotation process. Earlier studies of chemi-
cal aids, such as caustic and sodium tripolyphosphate 
have shown that as the chemical dosage Is increased, 
the primary recovery of bitumen goes through a max-
imum. This can be explained in terms of two com-
peting effects: initially, the In situ produced surfac-
tants reduce the clay-bitumen interaction and increase 
recovery and grade; however, excessive surfactant 
concentration tends to stabilize the bitumen-water-
solid emulsion, which results in bitumen loss, mainly 
In the middling circuit. 	 This effect was illustrated 
dramatically	 by	 adding	 surfactant	 (sodium 
tripolyphosphate) to the middlings pulp. This in-
creased the amount of bitumen In the froth and was 
associated with a dramAtic decrease in bitumen 
recovery. Similar recovery-grade responses were 
achieved with different dosages of soda ash, sodium 
hydrosulfide (nitrogen as flotation agent) and sodium 
silicate. 

In order to break the emulsion, tests were run with 
coke and coal. Activated carbon and coal are proven 
commercial emulsion breakers. In this application, 
the solid hydrocarbon is used also as a collector for 
the emulsified bitumen. 

The addition of coke to the middlings visually reduced 
the frothing tendency of the pulp, and therefore was 
thought to reduce the free surfactant concentration. 
Coke addition did not improve the recovery-grade 
responses. However, coke displaced the mineral 
solids, especially the fines from the concentrates. 
Generally, mass production of fines in the con-
centrates was reduced by about 25 percent. Coke 
particles should separate from the bitumen in the 
first centrifugation stage. However, residual amounts 
of naphtha diluent and bitumen which may remain ad-
sorbed on the coke particles could have detrimental 
effects on recovery. Coke addition could be benefi- 
cial in cases of highly emulsified slurry (such as 
produced by adding surfactant aids). Some results are 
presented in Figure 1. Bitumen recovery was in-
creased from 69.9 to 75.2 for the six minute con-
centrates, while the froth grade improved from 18.9 
to 22.0 percent weight (bitumen over total froth 
weight). Grade improvement was mainly due to 
reduction in fine solids produced in the froth. A sub-
stantial increase in bitumen recovery rate was ob-
served when coke was added to an off-spec, high den-
sity middlings sample (55 percent solids, 3.6 percent 
bitumen. Using air flotation, coke addition increased 
the bitumen recovery from 39.5 percent without coke 
to 84.4 percent with coke. 
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FIGURE 1 
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Carbon Dioxide 

The use of carbon dioxide gas to form carbonic acid 
and to break the hydrocarbon-water-solids emulsion at 
pH levels below 7.5 was known. Acidifying the pulp 
with sulfuric acid prior to flotation with carbon 
dioxide has also been disclosed previously. The new 
test work sponsored by Brenda Mines has 
demonstrated that it is not necessary to reduce the 
pulp pH to below 7.5 (middlings pH as received were 
between eight and nine), but on the contrary, a slight 
increase in ph, due to the addition of an alkaline 
reagent to the pulp, prior to flotation with carbon 
dioxide gas is highly beneficial. 

In summary, using carbon dioxide gas instead of air as 
the flotation agent eliminates the loss in bitumen 
recovery which otherwise occurs when the middlings 
pulp is conditioned with alkaline reagents. A sum-
mary of the recovery-grade results from a six and 
12 minute concentrate is shown in Figure 2. As can 
be seen, adding alkaline reagents and floating with air 
produced the highest froth grade, but at the expense 
of lowest bitumen recovery. 

Conditioning of the middlings is required in order to 
dissociate the bitumen-clay complex, reduce the ac-
tion of undesirable cations such as calcium and mag-
nesium, and to resurface the clays with an anionic 
agent, thus rendering them less floatable with the 
bitumen. Carbon dioxide (and the resulting carbonic 
anion) may further increase the sequestrant efficiency 
and also reduce the surfactant activity (by reducing 
the pH) which enhances bitumen flotation.

FIGURE 2 
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CANMET TRIES CRACKING OF NAPIITIIENIC JET 
FUEL FROM OIL SANDS 

As reported elsewhere in this issue, naphthenlc 
(cycloparaffinic) jet fuels derived from oil sands are 
of interest to the military because their higher den-
sity would make it possible to extend the range of 
existing aircraft. For commercial jet transport opera-
tions, however, this Is not of significant value. Naph-
thenes, particularly polycyclic naphthenes may have 
unfavorable combustion characteristics. 	 In Canada, 
approximately ten percent of total products is already 
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derived from oil sands synerude. The long-term trend 
toward further substitution of this material for 
petroleum may impact the supply and quality of avia-
tion fuels. Work carried out by CANMET's Energy 
Research Laboratories and Petro-Canada has been 
directed at upgrading the naphthenes. 

A paper by M. F. Wilson of CANMET and I. P. Fisher 
of Petro-Canada at the American Chemical Society 
meeting In Denver, April 5, notes that the less 
volatile syncrudes from coking of bitumen should be 
suitable sources of Jet A fuel because approximately 
50 percent of the Athabasca syncrude barrel consists 
of middle distillate product. However, the basic 
problem with such fuels is their low paraffin content 
and high concentration of aromatics. Their work 
demonstrates that exhaustive hydrotreating of syn-
thetic kerosenes produces finished fuels which are 
very rich in naphthenes. These are predominantly 
high substituted single- and condensed-ring structures. 
Use of such materials in aviation distillates -- which 
may also cause increases in viscosity and distillation 
end point - could have a deleterious effect on com-
bustion performance in gas turbine engines. The fate 
of high levels of condensed cycloparaffins in the com-
bustion process is largely unknown. 

For normal Jet A fuels, hydrogen to carbon ratio and 
aromatic content have been acceptable correlating 
parameters for exhaust smoke and combustor liner 
temperatures. However, not much is known about the 
detailed effects of hydrocarbon structure on combus-
tion efficiency. Parameters such as smoke point, 
luminometer number and hydrogen content are used 
extensively as indicators of fuel combustion quality. 
However, there Is concern over the adequacy of these 
test methods for assessing fuel performance of non-
conventional fuels. Most of the uncertainty sterns 
from the fact that there is no accepted mechanism 
for the formation of soot in flames. 

According to Fisher and Wilson, recent research sug-
gests that, although monocycic naphtnenes are 
suitable fuel components, saturated polycycic struc-
tures may be sources of soot in combustion processes. 
Thus, single-ring structures are resistant to hydrogen 
abstraction, but dehydrogenation reactions may revert 
polycydlic compounds to their hydroaromatic forms 
and by a process of further hydrogen loss, eventually 
form aromatics and particulates. Their work was 
concerned with improving the hydrocarbon structures 
in synthetic fuels by hydroprocessing and converting 
aromatics and naphthenes to more acceptable fuel 
components. 

Rydroprocessed Jet Fuels 

A synthetic crude distillate fraction derived from 
fluid coking of Athabasca bitumen was hydrotreated 
over a Ni/Si0 2-Ai 2 0 3 catalyst at low seventies. 
High severity hydrogenations were carried out on the 
same feedstock over a sulfided nickel-tungsten 
catalyst (Katalco NT 550) using the same equipment. 
Hydrotreated samples were distilled to give a 
kerosene fraction equivalent to the Jet A boiling 
range. The middle distillate feedstock was also frac-
tionated so that direct comparison before and after

hydroprocessing was possible. The chemical charac-
teristic of these synthetic distillates are significantly 
different from those of conventional crudes. Table 1, 
column A presents a compositional analysis of the 
fractionated kerosene cut before hydrotreating and 
columns B and C give the compositions of the 
products generated at low and high seventies, respec-
tively.

TABLE 1 

(LwOslTlals OF Sfl1ThElC KEIWSflIE MW OF JKT FUEL
Pi&fl3W1 BY lfflssWfl2SSItC (MASS %) 

A B C 
Jet A 

Product Jet A 
NI/Sb 2 - Product 
Al 0 Ni-W 

Kerosene 28° 420°C 
Fraction 3.45 MPa 17.3 MPa 
Fran A LHSV 1.0 LHSV 2.0 

Paraffins 16.4 14.7 18.4 
Total Cycloparaffins 44.5 84.4 64.6 
Non-Condensed 

Monocycloparaffins 22.2 40.9 34.8 
Decnline 16.7 34.0 25.1 
Condensed 

Polycycloparafflns 5.6 10.4 4.8 
Total Arana tics 39.1 - 17.0 
Alkybenzenes 20.1 -. 7.9 
Tetralins 12.2 -- 6.7 
Dinaphthenebenzencs 4.0 -. 1.8 
Naphthalenes 2.7 -- 0.6 
Naphthocycloparaffins 0.2 -- --

Table 2 presents properties of the same three 
kerosene cuts A, B and C and compares their 
properties with Jet A specifications. The 
hydrotreated fuels have high heats of combustion (in 
the best case a 10 percent gain over conventional 
fuels), higher densities, higher hydrogen contents and 
lower freezing points due to low paraffin content. 

The hydrogenation reaction of aromatics to naphthenes 
is shifted with increased temperature in favor of 
aromatics. However, ring opening reactions can only 
be achieved in saturated rings. Although the cracking 
of naphthenic ring structures may be carried out over 
metal sulfide catalysts, the high temperatures required 
are such that the equilibrium shift is unfavorable and 
aromatics are formed. These effects are 
demonstrated in the product composition C in 
Table 1. Metal sulfide catalysts also show low selec-
tivity for ring opening and the cracking reactions may 
result in the formation of naphtha and Lighter 
products boiling outside the kerosene range. 
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TABLE 2 

PROPERTIES OF JET FUELS FROM OIL SANDS 

A B C 
Jet A 

Product Jet A 
Ni/Si02 Product 
Al 03 Ni-W 

Kerosene 28°C 420°C 
Fraction 3.45 MPa 17.3 MPa 

Jet A Spec. From A LIISV 1.0 LHSV 2.0 

Flash Point,	 °C 38 min 50.5 56.5 50.5 
Freezing Point, 	 °C -40 max -58.0 -52.5 -48.5 
Kinematic Viscsity 

at	 -20°C (m	 Is) 8 max 6.3 9.5 7.2 
Density, kg/rn 774 mm 

at 15 0C 839 max 847 835 835 
Net Heat of Com-

bustion, MJ/kg 42.8 min 45.3 46.2 45.9 
Aromatics, vol% 22 max 33.8 0.0 15.5 
Smoke Point, am 25 min 16.5 22.5 19.9 
Hydrogen Content 12.8 13.9 13.4 

NMR, Mass 96 
Distillation 

10% Recovered Point 204 max 170 178 174 
°C 

Final Boiling Point 300 max 290 288 284 
°C

In contrast, hydroprocessing of oil sands distillates 
over active metal (such as nickel) supported catalysts 
may be achieved at low temperatures and pressures. 
Since the sulfur levels in synthetic kerosenes are very 
low, the poisoning of nickel is found to be tolerable. 
Use of such highly active hydrogenation catalysts 
avoids the equilibrium shift to aromatics and complete 
saturation is achieved. The results In Table 1, 
column B demonstrate this where a totally naphthenlc 
fuel is produced. 

In summary,	 this work shows that exhaustive
hydrotreating of synthetic kerosene can meet current 
Jet A specifications.	 However, there are doubts 
about the suitability of naphthene-rich fuels despite 
their high heats of combustion. Cracking of the 
naphthenic components in synthetic distillates over 
metal sulfide catalysts requires severe operating con-
ditions and is relatively non-selective for ring opening. 
The high temperatures required also cause an equi-
librium shift producing aromatics. A low severity 
operation using a Ni/5i02-A'203 catalyst shows excel-
lent hydrogenation activity but ring-opening conver-
sions are very low. Thus further work will be 
required if a low-naphthene synthetic kerosene Is 
necessary.

H-OIL PROCESS TESTED ON COLD LAKE BITUMEN 

The Alberta Oil Sands Technology and Research 
Authority (AOSTRA) recently sponsored a test of 
high-conversion H-Oil processing to upgrade bitumen 
obtained from the Cold Lake deposit in Alberta, 
Canada. The test program was begun in November, 
1986, at the research facilities of Hydrocarbon Re-
search, Inc. (HRI), in Lawrenceville, New Jersey. 

Tests were carried out in a 30 barrel per day process 
development unit. Pilot plant operations successfully 
demonstrated the ability of the H-Oil process to 
provide better than 90 percent conversion of the high 
boiling point components of Cold Lake bitumen to din-
tillable oils during six weeks of uninterrupted opera-
tion. This process produces approximately iS percent 
more synthetic crude than currently used upgrading 
processes from the same volume of bitumen. 

The test was funded by AOSTRA at a cost of 
1.7 million dollars. The high-conversion H-Oil process 
is an extension of the moderate conversion plants 
which have been in commercial operation since 1968. 
The key to achieving high conversion is the use of 
Hill's vacuum bottom recycle procedure (VBR). VBR 
was demonstrated in the 600 ton per day H-Coal pilot 
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the oil Is heated by the advancing steam front. At 
least a portion of this liberated carbon dioxide ad-
vances into new formation areas where it redissolves 
and softens more oil. 

plant in the early 80's and subsequently selected by 
Texaco as an option for use in the li-Oil plant lo-
cated at their Convent, Louisiana refinery. 

Technical and economic evaluations performed in an 
AOSTRA/lndustry Heavy Oil Upgrading Study Indicated 
the potential for this process, operating in a high 
conversion mode, to be economically superior to cur-
rently available commercial upgrading processes. 
These studies also indicated the need to demonstrate, 
through pilot plant tests, that such a process Is ready 
for commercial operation. The successful completion 
of this test program is said by AOSTRA to 
demonstrate that the 11-Oil process can upgrade Al-
berta feedstocks at high conversion levels. 

EXXON PATENT FRACTURES TAR SANDS WITH 
LIQUID CARBON DIOXIDE 

Liquid carbon dioxide is used to condition a tar sands 
reservoir, according to a United States patent issued 
to D. J. Stephens and assigned to Exxon Production 
Research Company. 

The invention is a method for Increasing the quantity 
of oil that may be produced by huff-puff steam 
stimulation from a tar sand formation. 

It is applicable to tar sand formations that contain 
petroleum of such high viscosity that it cannot be 
produced by primary production methods. The inven-
tion provides a treatment procedure that conditions a 
virgin tar sand drainage area and allows it to receive 
greater quantities of steam at faster penetration rates 
during conventional huff-puff steam stimulation proce-
dures. It also increases the area that may be effec-
tively stimulated by such procedures. 

According to the patent, the invention increases the 
amount of petroleum that may be produced by huff-
puff steam stimulation, especially during the first 
production cycle. 

The virgin drainage area that surrounds a completed 
well is conditioned for huff-puff steam stimulation by 
fracturing it with liquid carbon dioxide. Carbon 
dioxide injection is discontinued after the drainage 
area has been fractured, and steam injection is com-
menced while carbon dioxide is still in place within 
the formation. 

Fracturing the drainage area with liquid carbon 
dioxide enhances production during huff-puff steam 
stimulation in two ways. First, at least a portion of 
the liquid carbon dioxide dissolves in the oil around 
the fracture channels, lowering the oil's viscosity and 
rendering the formation area adjacent to the fracture 
more receptive to steam penetration. Second, the 
carbon dioxide that is undissolved in the formation is 
driven deeper into the formation by the steam and 
softens even more oil ahead of the steam front. 
Also, oil that Is already softened by dissolved carbon 
dioxide will tend to release that carbon dioxide when

A typical tar sand drainage area may be fractured by 
injection of as little as 20 cubic meters of liquid 
carbon dioxide. it is preferred, however, that about 
50 to 100 cubic meters of liquid carbon dioxide, at a 
temperature not exceeding about 15 0 C, be Injected 
into the formation during the fracturing step. 

Within the pressure ranges normally experienced 
during injection into heavy oil sands, it is estimated 
that liquid carbon dioxide will dissolve in the oil 
around the fracture in an amount of about five per-
cent to 12 percent by weight. As carbon dioxide dis-
solves In the formation oil, it reduces the viscosity of 
a typical tar sand oil by as much as four orders of 
magnitude. For Instance, an API 8 0 to 12° gravity 
oil, such as exists in the tar sands found at Peace 
River and Cold Lake, Alberta, Canada, has an initial 
viscosity of about 100,000 to 1,000,000 centipoise. 
Fracturing such formations with liquid carbon dioxide 
will reduce the viscosity of the oil around the frac-
ture to about 100 to 1,000 centipoise. Calculated on 
a fully dissolved basis, about 1,000 cubic meters of 
the oil In place will be mobilized within the forma-
tion drainage area for each 100 cubic meters of liquid 
carbon dioxide injected during the fracturing opera-
tion. 

After all the liquid carbon dioxide has been injected, 
the fracturing operation is discontinued, and the well 
is prepared for steam injection. 

Steam is injected through the well at a pressure suf-
ficient to place the steam into the formation through 
the fractures created by the liquid carbon dioxide. 
Steam injection is continued until a sufficient amount 
of steam has been placed within the formation. 
Depending on the formation conditions, this amount 
will usually range from about 5,000 to 10,000 cubic 
meters. After all the steam has been injected, the 
well is shut-in and allowed to soak for a period of 
time sufficient to permit the petroleum contained 
within the formation drainage area to absorb heat 
from the steam. Following the soak period, the well 
is opened to produce effluents from the formation 
drainage area. After first cycle production has 
declined to a predetermined level, the well may again 
be steam stimulated in the manner conventional for 
huff-puff steam stimulation. 

Compared to conventional huff-puff steam stimulation 
procedures that do not condition the formation 
drainage area, a well treated in accordance with the 
method of this invention is claimed to yield a greater 
quantity of produced hydrocarbons on the first and 
subsequent production cycles. It is expected that the 
method of this invention will allow the well to have a 
greater number of economical production cycles. 
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ARCO PATENTS METHOD FOR SINKING SHAFT 
THROUGH OIL SANDS FORMATION 

	

United	 States	 Patent	 4,597,444	 issued	 to
T. S. Hutchinson and assigned to Atlantic Richfield 
Company describes a method for sinking a large 
diameter shaft through an unconsolidated oil sands 
formation. 

In the excavation of large diameter shafts, when 
weakly consolidated or unconsolidated formations are 
encountered, problems can result from the collapse of 
the sides of the shaft. One method for overcoming 
such problems has been the positioning of wells 
around the planned outer diameter of the shaft and 
freezing the formation surrounding the shaft prior of 
excavating. This is done by circulating a heat trans-
fer fluid in the wells surrounding the large diameter 
shaft. Such freezing techniques have been effective 
in many water-bearing formations. However, when 
oil-bearing formations are encountered there may be 
little or no water in the oil-bearing formation to 
freeze. While the viscosity of the oil contained in 
the oil-bearing formation can be increased by reducing 
the temperature in such formations, the resulting 
formation strength after chilling is considerably less 
than that obtained by freezing water-bearing forma-
tions. 

According to the subject invention, a large diameter 
shaft can be excavated through a subterranean oil-
bearing formation by: 

1. Positioning a central well near the cen-
ter of a selected shaft location 

2. Positioning several wells at a selected 
distance outside the diameter of the 
shaft 

3. Injecting a fluid through some of the 
wells into the oil-bearing formation to 
remove oil from the formation 

4. Producing fluids from the central well 

5. Injecting water after the injection of the 
fluid has been completed 

6. Freezing a zone around the shaft loca-
tion 

7. Excavating the shaft 

In Figure 1, a selected large diameter shaft location 
is shown as a shaft diameter 10. A central well 12 
Is drilled and cased near the center of shaft diameter 
and a number of wells 14 are drilled In a generally 
circular pattern outside of shaft diameter 10. 
Wells 14 may be located at a distance from about 
10 to about 15 feet outside shaft diameter 10. 
Frozen zone 50' outlined by lines 50, surrounds but 
may not completely fill diameter 10 where the large 
diameter shaft Is to be excavated.

FIGURE 1 

PLAN VIEW OF WELLS 
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In Figure 2 central well12 is shown as a drilled, 
cased well which extends to near the bottom of oil-
bearing formation. Perforations in the casing permit 
fluid communication between the annulus of the 
casing and the oil-bearing formation. Wells 14 are 
shown as cased and perforated wells extending all the 
way through the oil-bearing formation. A suitable 
fluid Is injected through wells 14 to push oil away 
from the area where the large diameter shaft is to 
be excavated. The large diameter shaft excavation 
area is shown in Figure 2 by dotted line 10 and 
generally corresponds to diameter 10 in Figure 1. 
Fluid also flows Inwardly from wells 14 toward the 
central well. Fluids comprising oil and in some in- 
stances the injected fluid and water, flow into 
well 12. The net result Is the removal of oil from 
the oil-bearing formation between wells 14 and 
central well 12 and also the removal of oil from an 
area outside wells 14. After a major portion of the 
oil has been removed from the oil-bearing formation 
in this fashion, water is injected in a similar manner 
and serves to push the injected fluid and oil out-
wardly from wells 14 and inwardly toward central 
well 12 from which such fluids may be produced. In- 
jected water then occupies the area between central 
well 12 and wells 14 and out to line 34. 

Wells 14 may be converted to the circulation of heat 
transfer fluids by closing the perforations in the 
casing by a conventional cement squeeze treatment. 
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FIGURE 2 

SIDE VIEW OF
PERFORATED WELLS 
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In Figure 3 the perforations have been closed and a 
tubing 42 positioned in the casing as shown. After 
positioning the tubing, a heat transfer solution is in-
jected downwardly into the wells through tubing 42 
and circulated back up through the annulus between 
tubing and casing. The heat transfer fluid is then 
passed to cooling and recycled back through the 
tubing. Heat exchange fluids are selected which can 
be chilled to a temperature sufficiently low to freeze 
the water in the formations surrounding the wells. 
After suitable period of circulation, a freeze zone as 
shown by lines 50 Is formed. At this point, the large 
diameter shaft can be excavated in the area shown by 
dotted line 10. 

Suitable injection fluids are materials such as steam, 
heated water, carbon dioxide, aqueous surfactant solu-
tions, and alcohols which are miscible with both water 
and the formation oil and the like. A wide variety 
of fluids which are effective to remove oil from oil-
bearing formations are considered suitable so long as 
they are readily removed from the formation by 
water. 

The heat exchange fluid may be any suitable fluid 
which is sufficiently fluid for ready circulation in the 
wells and which has a freezing point sufficiently low 
that it can be used to cool the formation to a tem-
perature below the freezing point of water. Some 
suitable heat transfer fluids are aqueous brines of 
calcium chloride, sodium chloride, lithium chloride, 
liquid nitrogen, and the like.

The excavation of the large diameter shaft after the 
freezing has been accomplished may be accomplished 
by conventional excavation practices. Central well 12 
may be removed In any suitable fashion. For in-
stance, if it Is possible, the casing may be removed 
before beginning excavation of the large diameter 
shaft or the casing can simply be removed in sections 
as excavation proceeds. 

NEW TECH OIL PATENTS MINING ASSISTED 
RECOVERY METHOD 

United States Patent 4,607,888, issued to R. H. Trent 
and W. R. Oakley and assigned to New Tech Oil, Inc. 
describes a system for mining assisted recovery of 
petroleum. It is designed for a situation in which a 
porous formation containing desired hydrocarbons Is 
trapped between impermeable layers above and below. 
The patent notes that prior art methods of mining as-
sisted recovery involving 'nine shafts or tunnels with 
oil drain pits for collecting oil drained by the force 
of gravity have typically been called "oil-mining" sys-
tems or methods. In one early method, tunnels were 
driven horizontally through the impermeable cap rock 
above the oil-bearing sand and square pits were dug 
vertically through the tunnel floor to the oil-bearing 
sands a few feet below. 
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In another variation, mine galleries or tunnels are 
driven In impermeable strata above or below the oh-
bearing sand and holes are drilled into the formation 
at short intervals along these galleries, fluid is 
withdrawn through pipes sealed into the drilled holes. 

Another method involves drilling a vertical mine shaft 
through the porous formation and drilling long slanting 
holes radially in all directions from the shaft bottom. 

There are problems associated with these prior art 
oil-mining systems, thereby leaving the liquid Un-
recovered in the porous formation. Another problem 
associated with reservoirs in which both gas and liquid 
hydrocarbons exist in that a mixture of gas and liquid 
will be recovered in the pipe system, thereby creat-
ing difficulties both in pumping the mixture to the 
surface and In separating the mixture at the surface. 

Further problems occur when undesired fluids, such as 
water or brine, exist in the porous formation. 	 The

prior art systems essentially drain all fluids indis-
criminately. 

The New Tech invention claims to alleviate many of 
these problems by providing a method for separating 
the	 various	 fluids	 while they are	 still in the porous 
formation,	 so that	 only the desired fluid	 must	 be 
handled.

Briefly, the invention comprises circulating at least 
one other fluid having a specific gravity different 
than that of the desired hydrocarbon through the 
porous formation. This washes the hydrocarbon out of 
the formation and forms separate pools of the 
hydrocarbon and a separate layer of the other fluid 
based on the difference in specific gravity. The 
hydrocarbon Is then collected from below the under-
ground formation. 

Figure 1 Is a schematic cross-sectional view of an 
underground formation with the Invention system in-

FIGURE 1 

MINING ASSISTED OIL RECOVERY SYSTEM 
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In another variation, mine galleries or tunnels are 
driven in impermeable strata above or below the oil-
bearing sand and holes are drilled Into the formation 
at short intervals along these galleries. Fluid Is 
withdrawn through pipes sealed Into the drilled holes. 

Another method Involves drilling a vertical 'nine shaft 
through the porous formation and drilling long slanting 
holes radially In all directions from the shaft bottom. 

There are problems associated with these prior art 
oil-mining systems, thereby leaving the liquid un-
recovered In the porous formation. Another problem 
associated with reservoirs In which both gas and liquid 
hydrocarbons exist in that a mixture of gas and liquid 
will be recovered in the pipe system, thereby creat-
ing difficulties both in pumping the mixture to the 
surface and in separating the mixture at the surface. 

Further problems occur when undesired fluids, such as 
water or brine, exist in the porous formation. 	 The

prior art systems essentially drain all fluids indis-
criminately. 

The New Tech invention claims to alleviate many of 
these problems by providing a method for separating 
the	 various	 fluids while they are	 still in	 the porous 
formation,	 so that	 only the desired	 fluid	 must	 be 
handled.

Briefly, the invention comprises circulating at least 
one other fluid having a specific gravity different 
than that of the desired hydrocarbon through the 
porous formation. This washes the hydrocarbon out of 
the formation and forms separate pools of the 
hydrocarbon and a separate layer of the other fluid 
based on the difference in specific gravity. The 
hydrocarbon is then collected from below the under-
ground formation. 

Figure 1 Is a schematic cross-sectional view of an 
underground formation with the invention system in-
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ENVIRONMENT 

RTROSA/GULF PROCESS CLEANS SLUDGE FROM IN 
SITU PROJECTS 

RTR Oil Sands Alberta Ltd. and Gulf Canada Cor-
poration have studied the problem of cleaning up the 
oily wastes derived from In situ bitumen and heavy 
oil projects. They reported on the results of this 
work at the Heavy Oil and Oil Sands Technical Sym-
posium held at the University of Calgary, February 
18, 1987. 

The treatment and disposal of oil-contaminated solid 
waste is of growing concern. Solid-based oily wastes 
exist in a large variety of morphologies and composi-
tions. 

The term sludge is normally associated with oily 
waste In which there Is a predominant amount of fine 
solids, silt and clay. Both in situ and surface mining 
oil recovery operations produce large volumes of tail-
ings in the form of stable emulsions. These 
frequently contain significant quantities of bitumen 
and/or heavy oil, and fine solids. At the refineries, 
oil contaminated solid waste can be generated by oil 
spills or by settling of solids to form sludges in tanks, 
process equipment and API separators. The clean-up 
of clay-based oily sludges Is a significant problem. 

RTROSA/Gulf Sludge Treatment Process 

The physico-chemical nature of the raw sludge is im-
portant In setting process conditions. The liquid com-
ponent of the sludge may be in the form of an oil-in-
water, or water-in-oil emulsion or both. In any case, 
the emulsion must be destabilized for effective 
separation to occur. 

In the RTROSA/Culf Process (Figure 1) the raw 
sludge Is first subjected to a conditioning step. 
Modifiers of surface tension, wetting agents, etc. are 
added at this stage. The initial sludge composition 
(in terms of water, hydrocarbon and solids) is also 
modified by adding water or diluent if the original 
viscosity and density are outside certain limits. 
Diluent addition may be required for bitumen or for 
heavy oils with an API gravity of less than 13, 
depending on the operating temperature. 

The conditioned sludge is then fed to a solid bowl 
centrifuge for phase separation. Depending on the 
hydrocarbon characteristics, a two-phase or a three-
phase centrifuge may be used. 

From the centrifuge, the solids are discharged in solid 
cake form (with a moisture content of 20-30 percent 
weight). This stream represents the treated sludge 
which will be subjected to final reclamation using 
conventional techniques, 	 such as land treatment,
solidification, etc. 

The liquid phase from the centrifuge contains most of 
the hydrocarbon and water originally present in the 
sludge. It may also contain a small amount of solids.

FIGURE 1 

RTROSA/GULF SLUDGE 
TREATMENT PROCESS 

This steam is recycled to existing field treatment 
facilities. 

Although the RTROSA/Gulf process still relies on the 
use of a centrifugation step, particular attention is 
given to the up-stream conditioning stage. This is 
due to the fact that raw sludge is extremely variable 
in composition. The conditioning stage therefore acts 
SO a buffer to provide the centrifuge with 
homogeneous feed. According to RTROSA/Gulf, the 
major innovations of the process are the emphasis 
placed on the characterization of the raw sludge, and 
the flexibility of the conditioning stage to accom-
modate feed of variable composition and with high 
clay contents. 

They state that the process has demonstrated the fol-
lowing advantages: 

- Significant reduction in solid waste volumes 

- high recoveries of the hydrocarbons present in 
the original sludge 

- Suitability for a large variety of feedstocks 

- Simplicity of installation and operation 

- Water addition	 not required, except during 
start-up 

- Solid waste product which can be disposed of 
by a variety of conventional methods 

- Waste water similar In quality to the process 
water produced at site 
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Example Resilta 

Two different batches of sludge from the Pelican 
Lake complex were tested. The average sludge com-
positions are shown in Table 1. 

TABLE 1 

PELICAN LAKE SUJIEE COMPOSITION
(Weight Percent) 

Hydro-
Sample	 Carbon	 Water	 Solids 

A	 39.2	 34.9	 25.9 
B	 25.6	 20.9	 53,5 

The centrifuge feed, the centrate and the treated 
sludge were analyzed in terms of hydrocarbon, water 
and solids contents. The compositions of the treated 
sludge and the centrate for several test runs are 
shown in Table 2. 

The results from the analyses and from the mass 
balance computations were then used to calculate the 
following four important process parameters: 

- flaw sludge/treated sludge volume ratio 

- Total hydrocarbon solids ratio in the treated 
sludge 

- Solids recovery In the treated sludge 

- Hydrocarbon recovery in the centrate 

Values of these parameters are listed in Table 3. 

One of the principal objectives of the RTROSA/Gulf 
treatment is to significantly reduce the raw sludge 
volume. The "raw sludge/treated sludge volume ratio" 
indicates how effective the treatment is in this 
regard. 

Because the quantity of solids to be treated is fixed, 
the "total hydrocarbon/solids ratio" gives an estimate 
of the quantity of hydrocarbon associated with the 
solid waste material. 

The solids recovery is an important parameter because 
the recycle of solids in the centrate may overload the 
existing oil treating facilities. 

The hydrocarbon recovery parameter is useful in es-
timating the increase in oil production from the 
facility. 

Waste volume reduction was found to be significant. 
When as-received thickened sludge was treated, the 
volume was reduced by 50 percent. A volume reduc-
tion of 80 to 90 percent was achieved when process-

ing more diluted sludge. 	 In all the test runs, the 
solids recovery was greater than 90 percent. 	 The
hydrocarbon recovery exceeded 80 percent. 

Analysis of the particle size distribution for the raw 
and treated sludges showed that all the coarse 
material is rejected, while some of the smallest size 
fraction reports to the centrate. 

Diluent addition appeared to have a slight beneficial 
effect in reducing the total hydrocarbon remaining in 
the treated sludge. From a process point of view, 
diluent addition may be considered an option. 

The treated sludge produced from one test was re-
slurried and re-processed (Tables 2 and 3, Test 10). 
No significant additional hydrocarbon recovery was ob-
tained in the second treatment. 

Comparative Study 

A comparison study was carried out on an assumed 
commercial-,ized in situ oil producing facility. The 
chosen case had an estimated thickened sludge 
production rate of 3,200 cubic meters per year. Ob-
jectives of the study were to screen and select a 
preferred oil recovery process to reduce the sludge oil 
content to the two percent to five percent weight 
range making it suitable for final disposal by land 
treatment. 

Monenco Consultants Ltd. was retained as an indepen-
dent consultant for the study. The process screening 
was done by Monenco in two steps. Five processes 
out of twenty-five passed the first cut. At the end, 
the preferred oil recovery process was the 
RTROSA/Culf method. Among alternative tech-
nologies evaluated were oleophilic sieves, processes 
based on proprietary chemicals, simple centrifugation 
and treatment with alkaline solutions. 

The preferred option was the RTROSA/Gulf process 
followed by land treatment as the final disposal 
method. The results of the comparative capital and 
operating cost estimates for the five best processes 
are summarized in Table 4. 

The expected accuracy of the estimates is plus or 
minus 30 percent in fourth quarter 1985 dollars. 

Monenco concluded that the RTROSA/Gulf sludge 
treatment process offers technical and economic ad-
vantages over other available options. The process 
appears to be particularly suitable for sludges with a 
high clay content. 

SYNTHETIC FUELS REPORT, JUNE 1987 
3-34



TABLE 2

RTEOSA/QJLF SLUDGE TREAIMflIT RESULTS 

Treated Sludge Centrate 
(% wt) (%wt) Test Feedstock Diluent 

# Type Addition He Water Solid He Water Solid 

1 Sludge A Yes 3.1 25.5 71.4 54.5 45.4 0.1 2 . 2.8 23.2 74.0 47.9 50.7 1.4 
3 No 4.2 30.0 65.8 30.7 69.2 0.1 
4 2.9 20.2 76.9 25.0 74.0 1.0 
5 Sludge B Yes 3.0 20.7 76.3 43.9 53.5 2.6 
6 2.7 21.0 76.3 42.4 55.1 2.5 
7 2.6 21.7 75.7 39.2 59.8 1.0 
8 No 5.0 16.2 78.8 20.5 78.9 0.6 
9 7.8 17.2 75.0 11.4 86.3 2.3 

10 6.9 17.5 75.6 -- -- --

* 'IWo-stage treatment

TABLE 3

RTROSA/QJLF SIJJItE TREATMENT PARAMETERS 

Sludge 
Solids 1W Vol. HC To 

Test Feedstock Diluent Re- Re- Ratio Solids 
# Type Addition covery covery in/Out Ratio 

(%) (%) 

1 Sludge A Yes 99.9 97.9 4.2:1 0.043 
2 Sludge A 94.9 86.1 4.7:1 0.038 
3 Sludge A No 99.9 96.0 3.7:1 0.064 
4 Sludge A 95.9 96.5 5.1:1 0.038 
S Sludge B Yes 95.0 95.8 1.9:1 0.039 
6 Sludge B 95.2 96.0 1.9:1 0.036 
7 Sludge B 98.2 96.4 1.8:1 0.034 
8 Sludge B No 98.8 86.8 2.0:1 0.063 
9 Sludge B 92.0 80.2 1.0:1 0.104 

10 Sludge B 96.9 11.6 -- 0.091

* Two-stage treatnnt
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TABLE 4 

SUJIXIE DISPOSAL OPTIGIS 
CAPITAL & OPERATING CDST QPARI &P4 

Annual 
Capital Operating 

Alternative Options Cost Cost 
(Dollars) (Dollars) 

a) Sludge Accunulator Pit, 
RTROSA/Gulf Treatinant & 3,395,000 166,700 
Land Treatnx,nt 

b) Sludge Accurrijlator Pit, 
RTROSA/Gulf Treatricnt, 3,050,000 248,500 
Solidification & Landfill 

c) Sludge Aceunulator Pit, 
Direct Solidification & 2,524,000 500,000 
Landfill 

d) Sludge Aceunvlator Pit, 
FBC & Landfill 6,239,000 377,000 

c) Sludge Accunvlator Pit & 
Direct Laud Treatnent 3,662,000 231,300

4t 4t #
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WATER 

ESSO DETAILS WATER MANAGEMENT SCHEME AT 
COLD LAKE 

Since early 1985, Esso Resources Canada has success-
fully brought on stream its first three commercial in 
situ oil sands plants at Cold Lake, Alberta, increasing 
bitumen production levels to 75,000 barrels per day. 
One of the key operating challenges during this inten-
sive startup period has been the area of water 
management. Esso's approach was recently discussed 
by L. Courtnage at the Fourth Annual Heavy Oil and 
Oil Sands Symposium held at the University of Cal-
gary. 

The main use of water, about 80 percent of the 
supply, is for generation of high pressure steam for 
reservoir stimulation. The remaining 20 percent 
satisfies demands for utility steam generation, process 
cooling, domestic usage and drilling operation supply. 
Water Is supplied from three sources: lakes, ground 
water aquifers and produced water from the reservoir. 

The company's strategy is to maximize the use of 
produced water in an effort to minimize fresh water 
requirements and reduce deep well disposal volumes. 
The reasons for this include the fact that fresh water 
supply is limited; second, fresh water supply Is a 
highly political Issue In the Cold Lake region; and 
third, water treatment and disposal are costly to the 
operation. 

Operating Sites 

Esso's Cold Lake thermal recovery operation currently 
consists of four separate sites (Figure 1). 

1. May, the second pilot, has been used since 
1972 for steam stimulation experiments. May 
bitumen production was expanded to 500 cubic 
meters per day last year. Installed steam 
generation capacity is 2,500 cubic meters per 
day. There is no water reuse facility at this 
site. 

2. Leming, the third and largest pilot, was com-
missioned in 1975. Leming bitumen capacity 
has gradually increased to 2,600 cubic meters 
per day. Steam generation capacity Is 8,920 
cubic meters per day. The water reuse 
facility (3,600 cubic meters per day) is able 
to handle about one third of Leming's 
produced water. 

3. Maskwa is the site of Esso's first commercial 
production project. Phases 1 & 2 and 5 & 6 
of the Cold Lake Production Project (CLPP) 
are all located here. These plants were 
started in the spring of 1985 and 1986 respec-
tively. Bitumen capacity is 6,000 cubic 
meters per day with about 25,400 cubic 

- meters per day of steam generation capacity. 
The water reuse plants at this site can treat 
24,000 cubic meters per day of water for 
steam generation.

FIGURE 1 

COLD LAKE DEVELOPMENT AREA 
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4. Mahihkan is the second commercial production 
site. It includes Phases 3 and 4 of the CLPP 
and was started in the fall of 1985. Mahlh-
kan produces 3,000 cubic meters per day 
bitumen, has 13,400 cubic meters per day of 
steam generation capacity and a 12,000 cubic 
meters per day water reuse facility. 

Fresh Water Supply 

Fresh lake water is supplied from nearby Ethyl and 
Cold Lakes. Ethyl Lake supplies fresh water to the 
May and Leming pilot operations. The pump station 
can deliver 1,900 cubic meters per day of water to 
the pilots. The Cold Lake pump station can supply 
20,000 cubic meters per day to an four sites through 
a 28 kilometer long pipeline. The license limit for 
Cold Lake withdrawals is 6,500,000 cubic meters per 
year (17,808 cubic meters per day). 

The lake withdrawal licenses contain clauses that will 
reduce or terminate withdrawals if lake levels fall 
below a predetermined level. In the event of low 
lake levels, groundwater is the alternative for contin-
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gency fresh water supply. Groundwater was also used 
for supplemental peak shaving purposes during CLPP 
3/4 and 5/6 plant startup periods. 

Groundwater wells 100 meters deep were drilled at 
Maslcwa and Mahihkan. Productivity of the three 
wells at M askwa Is 12,500 cubic meters per day and 
is 19,000 cubic meters per day from the five wells at 
M ahihkan. 

Water Disposal System 

The Cold Lake water disposal system consists of 
eleven deep wells with a total system capacity of 
7,500 cubic meters per day. 

In order to reduce both disposal volumes and fresh 
water requirements district wide, a series of produced 
water transfer pipelines have been installed between 
the plant sites. M askwa is the focal point for 
produced water management since it has the largest 
on-site water demand. Produced water is transferred 
by pipeline from May and Leming to Maskwa because 
the pilots produce more water than can be utilized by 
the limited water reuse facility at Leming. 

In addition, a line between the Maskwa and Mahihlcnn 
sites permits transfer of excess produced water from 
Maskwa and Mahihkan. This allows Mahulikan to limit 
fresh water consumption through the use of excess 
produced water from M askwa. 

Two produced water storage tanks at the Maskwa 
site, with a total capacity of 25,000 cubic meters are 
used as a central distribution point to balance daily 
differences between disposal requirements and the dis-
posal system capacity. 

Water Management Strategy 

Courtnage explains that the overall objective of the 
water management strategy is to maximize district 
earnings through the cost-effective operation of the 
Cold Lake water systems. Every cubic meter of 
fresh water used at the site represents a cubic meter 
of produced water that can not be reused, and it is 
each site's goal to optimize the reuse of produced 
water. 

A schematic of the Cold Lake water balance is shown 
in Figure 2. 

A produced water handling plan was developed to 
provide operating guidelines when the produced water 
disposal requirements exceed the system capacity. 
The M askwa site is the focal point for produced 
water transfer and disposal. Maskwa will increase the 
produced water transfer rates from the pilots or 
Mahihkan sites as excess produced water becomes 
available. Produced water will be transferred from 
the pilots only if additional capacity exists in the 
Maskwa deoiung systems, otherwise excess produced 
water at the pilots is diverted to disposal. Produced 
water can also be transferred to the Matiihkan water 
reuse plant from the Maskwa holding tanks.

The produced water holding tanks are normally main-
tained 25 percent full to provide the Maskwa site 
with a reliable produced water source. If the water 
level rises above this point, each site is told to check 
to ensure that the maximum amount of produced 
water is being used. Steps are also taken to further 
minimize fresh water usage in the plant utilities. If 
the tank level continues to rise, produced water rates 
are increased at the pilots and Maskwa. If this does 
not remedy the situation, it may be necessary to 
selectively shut in production wells based on the 
water-oil ratio, cycle and producing status of the 
well. 

1986 Water Management Results 

Produced water management at the commercial sites 
is shown In Figure 3. The straight line represents the 
produced water demand for high pressure steam gen-
eration. Produced water supply, shown by a dotted 
line, Is the total produced water volume supplied to 
the sites, Including pilots transfers. The area be-
tween the produced water usage bars and the supply 
curve is the disposal volumes for the commercial 
sites. The area between the supply and demand 
curves is the fresh water and ground water volumes 
used as make up for high pressure steam demand. 
Esso states that produced water conservation is work-
ing successfully at the commercial sites because they 
are using 85 percent of the produced water supply for 
steam generation.	 As the produced water supply
reaches the demand curve it will be necessary to re-

FIGURE 3 
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FIGURE 2 

COLD LAKE AREA WATER BALANCE
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place utility fresh water usage even further in order 
to control disposal well volumes. 

The discussion by Courtnage indicates that maintaining 
an accurate water balance on both a site and district 
wide basis Is a complex task. Input from about 
100 different meters is used to track the various 
water flows for the district.	 Metering accuracy Is 
the key to an accurate water balance.	 A good

preventive maintenance program is important to en-
sure that these meters are checked and recalibrated 
on a regular basis. 

One item which may be overlooked during the design 
stages of a project is the provision of sufficient 
meters to conduct cross-checks of the main plant 
meters.
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Water Volume Forecast 

To date, reservoir models have had limited success in 
predicting volumes of produced water. Preliminary 
results indicate that there will always be more water 
produced from the reservoir than is injected as steam; 
in other words, the cumulative water-steam ratio will 
be greater than one. The challenge lies in under-
standing how quickly the produced water volumes will 
Increase and how future disposal needs will be 
handled. 

With a cumulative water/steam ratio greater than 
one, every cubic meter of fresh water used in the 
plant ultimately represents an additional cubic meter 
of produced water disposal. Each CLPP plant design 
currently requires about 3,000 cubic meters per day 
of fresh water for plant utility and cooling purposes. 
Efforts are being concentrated on reducing the fresh 
water usage in order to maintain disposal volumes at 
the current system capacity. As produced water 
volumes continue to increase, some of the following 
plant modifications will be required: 

- Convert fresh water sample coolers to chilled 
glycol service. 

- Change pumps with fresh water seal flushes to 
accept filtered produced water. 

- Change boot gas/ST y compressor seal rings to 
produced water. 

- Convert fresh water utility boilers to produced 
water service.

Esso is also continuing to search for new technology 
In the area of produced water treatment. Considera-
tion Is being given to installation of a centralized 
water reuse facility for use by all operating sites. 

The current reservoir forecasts indicating that more 
water will be produced than is injected as steam are 
a major shift from previous forecasts which indicated 
that not all water injected would be returned. In 
light of this new information, future facilities such as 
CLPP 7-10 are being designed to require minimal 
fresh water. 

The long term water management plan developed by 
Alberta Environment is designed to restrict fresh 
water usage from lake and groundwater sources in the 
Cold Lake area. The plan states that any plant using 
over 5000,000 cubic meters per year of fresh water 
must obtain its supply from the North Saskatchewan 
River pipeline. The pipeline is to be built by industry 
and must be fully functional by the end of 1991. 
This provides additional incentive to reduce fresh 
water usage because of what is expected to be higher 
cost water, due to the high capital and operating 
costs of this large pipeline system. 
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RESOURCE 

USGS ESTIMATES RECOVERABLE HEAVY OIL AND 
BITUMEN RESOURCES FOR THE WORLD 

Updated estimates for world resources of fluid fossil 
hydrocarbons have been made by the United States 
Geological Survey (USGS). A joint effort of the 
World Energy Resource Program of the USGS and the 
Foreign Energy Supply Assessment Program of the 
Energy Information Administration, United States 
Department of Energy, resulted in a paper presented 
at the Twelfth World Petroleum Congress by 
C. D. Masters at al. 

The resources of the unconventional oils, Including 
heavy and extra heavy oil, and bitumen are large. 
The paper notes that subsequent to the 11th World 
Petroleum Congress, moth activity has taken place on 
the evaluation of resources and on methods for their 
exploitation: a major study of the Orinoco Heavy Oil 
Belt in Venezuela has been completed; the Alberta Oil 
Sands Technology and Research Authority has con-
tinued strong efforts to exploit the natural bitumen 
deposits of the Western Canada sedimentary basins; 
and the USSR has continued its activities directed 
toward the understanding of its enormous resources of 
both these hydrocarbons. 

It has been estimated that the known heavy oil and 
natural bitumen deposits contain essentially the same 
amount of oil in place as is In the giant fields con- - 
taining conventional oil. 

Resource Descriptions 

The oil In the Orinoco Belt ranges from 4-17 0 API 
gravity although It is predominantly less than 10 0 API 
gravity, has a naphthenic base, contains an average of 
500 ppm combined vanadium and nickel, and is high in 
sulfur. However, the oil is mobile in the reservoir 
due to high reservoir temperatures, and the viscosity 
is readily lowered further by steam. Experiments 
have also been conducted with the use of a wellbore 
diluent, which assists recovery and maintains a satis-
factory viscosity at the surface. Otherwise, upgrading 
in the field or the addition of diluent is generally 
necessary to run the oil through a pipeline. This oil, 
degraded and mostly extra-heavy, Is found in sands 
deposited under near-shore fluvio-deltaic conditions 
along the southern rim of the Eastern Venezuela 
basin. 

Natural bitumen is much like heavy oil, chemically 
and physically, and is found in similar geological 
settings —commonly near-shore and fluvio-deltaic.	 In 
Canada, the bitumen distribution is well known. 
There are four main bitumen resource occurrences, 
Athabasca, Cold Lake, Peace River, and the carbonate 
trend. The latter extends under a large part of the 
Peace River and Athabasca occurrences. 	 Within In-



dividual deposits, oil densities vary widely and can 
even vary significantly within a single well. Such 
variations notably affect recovery. In the USSR, the 
other country possessinglarge natural bitumen 
deposits,	 the total resource is found from the

European area on the east to the Pacific Ocean. The 
greatest concentrations, however, are found In the 
European section, in the Melekess Depression and on 
the Tatar Arch of the Volga-Urals basin, and in the 
Lena-Anabar Trough of the Siberian Platform. The 
greatest single deposits Include the Alden Arch, 
Siligir-Markha deposit, and the Arga-Sala and central 
Olenek areas of the Siberian Platform, followed in 
size by those in the Permian and Devonian-
Carboniferous strata of the Melekesa Tatar areas. As 
yet, there has been no effort to convert these ac-
cumulations to exploitable Demonstrated Reserves. 

Assessment of Resources 

A different approach to assessment must be taken 
with unconventional oils than for conventional oil be-
cause they have a limited production history. Heavy, 
and to a lesser extent, extra heavy oil are being 
produced today, especially in the USSR, the United 
States, Canada, Iraq, and Venezuela. Natural bitumen 
Is being produced, as a source of crude oil, only in 
Alberta, Canada. 

Tables 1 and 2 show the assessment of unconventional 
resources. In Tables 1 and 2, all data are given as 
technically recoverable, but for the most part 
economically marginal, using reported country figures. 

TABLE 2 

YEWD ESTIMATE OF ORIGINAL DO4STRAT)
RESOURCES OF RECOVERABLE BITUMEN 

(In Billion Barrels of Oil) 

Original 
Recoverable 

Region And Country Resources 

North Aarica 315 
Canada 308 
USA 7 

USSR .	 117 

Africa 2 
Angola 1 
Nigeria 1 

Asia/Oceania 2 
China 2

World	 436 

Includes resources that are technically 
recoverable but subeconcinic 
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TABLE 1 

WMUD ESTIMATES OF ULTIMATE RECOVERABLE RESOURCES
OF HEAVY AND EXTRA HEAVY CRUDE OIL 

(In Billion Barrels of Oil) 

Resources 
Cumilative Iden- Undis 

Region and country production tified Original covered Ultimate 

North Anrica 11.1 22.8 34.0 20.8 54.7 
Canada 0.8 0.6 1.4 2.0 3.3 
Mexico 0.2 4.1 4.4 16.0 20.4 
USA 10.1 18.1 20.2 2.8 31.0 

South America 4.1 286.9 291.0 22.8 313.0 
Venezuela 3.9 285.1 289.0 22.5 311.5 
Other 0.2 1.8 2.0 0.3 2.3 

Europe 0.6 8.1 8.7 0.2 8.9 
Western Europe 0.4 7.6 8.0 0.2 8.2 

Italy 0.3 1.7 2.0 0 2.0 
UK 0 5.2 5.2 0 5.2 
Other 0.1 0.7 0.8 0.2 1.0 

Eastern Europe 0.2 0.5 0.7 0 0.7 

USSR 5.2 108.7 113.9 20.9 134.8 

Africa 0.4 4.5 4.9 1.4 6.3 
Egypt 0.3 1.2 1.5 0.2 1.7 
Malagasy Republic 0 1.5 1.5 0 1.5 
Other 0.1 1.8 1.9 1.2 3.1 

Middle East 11.5 34.6 46.1. 26.3 72.4 
Iran 0.2 1.9 2.1 1.3 3.4 
Iraq 10.6 23.1 33.7 21.2 54.9 
Kuwait 0 1.0 1.0 0.2 1.2 
Neutral Zone 0 2.5 2.5 0 2.5 
Saudi Arabia 0 4.0 4.0 2.9 6.9 
Other 0.7 2.1 2.8 0.7 3.5 

Asia/Oceania 1.5 10.5 12.0 2.4 14.4 
Brunei and Malaysia 1.0 1.3 2.3 1.5 3.8 
China Small 6.8 6.8 SnnlL 6.8 
Indonesia 0.4 1.5 1.9 0.8 2.7 
Other 0.1 0.9 1.0 0.1 1.1 

World 343 476.1 510.6 94.8 605.4

For heavy oil, (Table 1) the Demonstrated Economic 
Reserve is as reported by field. Some fields contain 
heavy oil in some reservoirs but not in others; reser-
voir data to show the distinctions, however, seldom 
are available and it was necessary to estimate the 
contribution of just those heavy oil reservoirs. 
Table 1 also shows estimates of heavy crude oil that 
are, as yet, undiscovered or else occur in poorly 
evaluated accumulations. These estimates were 
derived from that proportion of the total of conven-
tional undiscovered oil that is believed to be heavy. 
This proportion was calculated to be the cumulative

production of heavy oil divided by the cumulative 
production of all oil. In places where estimates of 
undiscovered heavy oil are available from other 
sources, as in Venezuela and in Canada, such es-
timates were used preferentially. The extra heavy oil 
is dominantly in Venezuela. 

In the case of natural bitumen (Table 2), the data for 
Canada represent the technical recovery estimates 
from both in situ processes and surface mining. 
Elsewhere in the world, in-place natural bitumen data 
are reported by conservation agencies; the recoverable 
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amounts reported in Table 2 are 15 percent of these 
in-place amounts. 

Potential of Unconventional Oil Resources 

Today, millions of barrels per day of excess produc-
tion capacity of mostly low-cost conventional oil are 
available, principally In the Persian Gulf. The uncon-
ventional oils, on the other hand, are low-grade 
hydrocarbons, usually high in metals content, espe-
cially vanadium and nickel, sulfur, nitrogen and 
oxygen.	 Heavy and extra heavy oils are the most 
usable of the unconventional oil (Table 1). With 
respect to Ultimate Resources, the field by field 
amounts of heavy oils sum to 338 billion barrels of 
oil or about 20 percent of the ultimate quantity of 
conventional oils. The extra heavy oil, found almost 
exclusively In Venezuela, accounts for 267 billion bar-
rels of potentially recoverable oil, amounts to about 
50 percent of the Original Resource of the total of 
heavy and extra heavy resources, and is about 
15 percent as large as the Ultimate Resource of con-
ventional oil. The distribution of heavy oils follows 
very closely that of conventional oil, - with about 
60 percent located in the USSR, North America, and 
the Middle East. 

Figure 1 is the presumed overall world distribution of 
the API gravity of the Original Reserves of crude oil. 
According to the USGS, the estimate in Figure 1 
shows a distribution of oil lighter than night even- 
tually prove to be true. Such a conclusion is an im-
portant trend to monitor. 

FIGURE 1 

DISTRIBUTION OF API GRAVITY
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According to country by country records, remaining 
economically recoverable Demonstrated Reserves of 
heavy and extra heavy crude oil amount to about 
62 billion barrels of oil (including six billion barrels of 
oil in the Orinoco Oil Belt), leaving 414 billion barrels 
of oil of marginally economic Demonstrated Resources 
and allows for 34 billion barrels of oil of cumulative 
production (Table 1). Over the next decade, a sub-
stantial portion of the marginally economic oil, espe-
cially that of the Orinoco Oil Belt, may come under 
development. 

The geographic distribution and the amounts of the 
large natural bitumen deposits are given in Table 2. 
The best known and most extensively exploited of 
these are in Canada, which has about 71 percent of 
the total of 436 billion barrels of oil; these deposits 
are the only ones currently being produced in sig-
nificant amount, are exploited by both open cast 'Din- - 
ing and subsurface in situ methods, and much work 
has been done on upgrading techniques. 

The recoverable bitumen in the USSR is estimated to 
be 117 billion barrels but Is less well-known than that 
in Canada. The bitumen in the USSR comprises at 
least 26 percent of the world total, which, combined 
with Canada, totals 97 percent of the world resource. 

The U.S.G.S. paper concludes that conventional oil and 
gas are common commodities throughout the world 
and present in large quantities relative to demand. 
Although the resources clearly are finite, their known 
quantities would appear sufficient to satisfy demand 
for a few decades. These large quantities, however, 
are very narrowly distributed with a large proportion 
of known resources occurring in just a few petroleum 
basins. The middle East, Is dominant and will become 
increasingly so. 

However large are conventional resources, their 
finiteness is evidenced worldwide by declining dis-
covery rates in spite of the steady improvement in 
exploration science and technology. Unconventional 
hydrocarbons, including, in particular, the extra heavy 
oils and bitumens, are present as probably recoverable 
resources in comparably large quantities to the 
present Identified Reserves of conventional crude oil, 
but are located in the Western Hemisphere rather 
than in the Eastern.	 The costs of production and
upgrading to transportation fuels, are significantly 
greater than for conventional oils. Given the con-
tinued demand for transportation fuels, time and 
technology changes will evolve to determine the 
character and amount of their ultimate use. 
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RECENT OIL SANDS PUBLICATIONS/ PATENTS 

PUBLICATIONS 

The following papers were presented at the American Chemical Society 193rd National Meeting held in Denver, 
Colorado, April 5-10, 1987: 

Wilson, M. F., at al, "Development of Jet Fuels from Oil Sands". 

Moore, F., et al, "Potential Turbine Fuels from Western Kentucky Tar Sand Bitumen". 

Knudson, C. L., et al, "Composition of Jet Fuel from Tar Oil". 

Wilson, M. F., et al, "Hydrocracking of Gas Oil from Athabasca Syncrude". 

Kukes, S. G., et al, "Removal of Metals from Heavy Oils with Phosphorus Alumina Catalysts". 

lion, T., "New Hydrocracking Catalyst for Heavy Oil Upgrading". 

Bousquet, J., et al, "Thermal Cracking Under Hydrogen Pressure: Preliminary Step for Conver-
sion of Heavy Oils and Residues". 

Niemann, K., et a!, "VEBA-COMBI Cracking —a Technology for Upgrading of Heavy Oils and 
Bitumen". 

Souhrada, F., et al, "Gulf-Canada flitS Process — Steps Toward Commercialization". 

The following papers were presented at the Fourth Annual Heavy Oil and Oil Sands Technical Symposium held 
at the University of Calgary, Calgary, Alberta, Canada, February 18, 1987: 

Edmunds, N. R., et al, "Design of Horizontal Well Completions, AOSTRA Underground Test 
Facility". 

Greerifeld, M., "Improved Separation Efficiency of the Hot Water Extraction Process". 

Corti, A., et al, "Clean-Up of Clay-Based Oily Sludges". 

Courtnage, L. A., "Water Management Challenges at Esso's Cold Lake Operation". 

Sendall, R. F., et al, "Design Considerations for Oily Waste Containment Pith". 

Murphy, L., at al, "Transportation of Heavy Hydrocarbons in Water Emulsions', Paper 1. 

Sass, G. a., et al, "Transportation of Heavy Hydrocarbons in Water Emulsions", Paper 2. 

Lipkind, J. W., at al, "Transportation of Heavy Hydrocarbons in Water Emulsions", Overview of 
Field Tests. 

Smith, G. G., at al, "Multiwell Slant Hole Pad Design". 

Lazic, P., at al, "Performance of Thermal Cements". 

Cormier, K., "Insulated Tubing at ShelL's Peace River Project". 

Gronseth, J. M., et al, "Thermal Well Thermocouple Installations and Completions". 

Lyness, L. S., et al, "Views on Sand Control Comparison of Water Well and Oil Well 
Completions". 

Beyea, D. F., et al, "Optimizing Pumpiag Speeds Throughout Production Cycles". 

The following paper was presented at the American Institute of Chemical Engineers 1987 Spring National 
Meeting and Petro Expo '87 held in Houston, Texas, March 29-April 2, 1987: 

George, Z. M., at al, "Regeneration of a Catalyst Deactivated During the Commercial Upgrading 
of Coker Gas Oil Derived from Athabasca Oil Sands Bitumen",
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The following papers were presented at the Twelfth World Petroleum Congress held In Houston, Texas, April 
26-May 1, 1987: 

Bokserman, A. A., et al, "Competitive Technologies of Thermal Methods for Heavy Oil 
Production". 

Borregales, C., et a], "The Future for In Situ Recovery, Treatment and Transportation of Heavy 
Oil in Venezuela". 

Smith, R. IV., "Progress In Surface Mining Production from Canada Oil Sands". 

Sankey, B. M., et al, "Heavy Oil Upgrading as a Function of Raw Material, Geographic Site and 
Market Demand". 

SANDS -PATENTS 

"Hydrocarbon Extraction Agents and Microbiological Processes for their Production", Donald F. Gerson, James 
C. Zajic - Inventors, Canadian Patents and Dev Ltd. Societe Canadlenne Des Brevet Ca, United States 
Patent 4,640,767, February 3, 1987. Materials of particular utility in separating hydrocarbon values from 
mineral deposits, e.g. bitumen from tar sands, are prepared by a microbiological fermentation process using 
certain selected microorganisms. The fermentation process is conducted under aerobic conditions, with the 
selected microorganisms growing on a hydrocarbon substrate. The materials have surfactant properties, In 
greater or lesser degree. The materials may be subsequently separated from the fermentation broth, or al-
ternatively the broth may be used as is, since it contains relatively large proportions of suitable separation 
effecting materials. 

"Process for Upgrading Carbonaceous Material Comprising Liquid Extraction and Flash Pyrolysis of Extraction 
Residue", William G. Billings - Inventor, Phillips Petroleum Company, United States Patent 4,640,760, 
February 3, 1987. Tar sands are solvent extracted to form an oil-containing extract and a sandy residue. 
The solvent can be distilled from the oil and recycled. Residual solvent vapors can be adsorbed on an adsor-
bent bed. The sandy residue can be flash pyrolyzed to provide a combustible synthesis gas and/or combusted 
to provide process heat. Where the adsorber bed is formed from activated charcoal, a pair of beds on swing 
adsorption /regeneration cycles can be regenerated with steam and provide for continuous adsorption solvent 
vapors. 

"Rotative Grizzly for Oil Sand Separation", Jan Kruyer - Inventor, United States Patent 4,635,860, January 
13, 1987. A rotating grizzly having a downwardly slanting axis of rotation for reducing the size of ag-
glomerated mineral particles comprising a rotatable framework made up from a series of spaced axial baffles 
interconnected by a series of parallel spaced bars wherein the baffles extend inwardly toward the axis of 
rotation a greater distance than the bars. 

"Use of a Submersible Viscometer in the Primary Separation Step of the Hot Water Process for Recovery of 
Bitumen from Tar Sand", Laurier L. Schramm - Inventor, Alberta Energy Company Ltd.; Canadian Occidental 
Petroleum Ltd.; Esso Resources Canada Ltd.; Gulf Canada Ltd.; LIBOG Oil Sands Ltd. Partnership; Her 
Majesty Queen In Right Of Province Of Alberta Minister Of Canada; Pancanadlan Petroleum Ltd.; Petro- 
Canada Inc., United States Patent 4,637,417, January 20, 1987. The hot water process is controlled in 
response to viscosity measurements taken in situ in the middlings in the primary separation vessel. The vis-
cosity in the middlings is found to vary. Therefore, the layer of maximum viscosity is located and the vis-
cosity at this depth is monitored. Adjustments are made to the process to keep this maximum viscosity 
below a pre-determined limit. 

"Carbon Dioxide Injection with In Situ Combustion Process for Heavy Oils", Issam S. Bousaid - Inventor, 
Texaco Inc., United States Patent 4,649,997, March 17, 1987. The invention process is a method of conduct-
ing in situ combustion in heavy oil or tar sand reservoirs wherein carbon dioxide is Injected into the forma-
tion prior to, during, or prior to and during in situ combustion. The carbon dioxide may be injected concur-
rently with the injection of the oxygen-containing gas or the oxygen-containing gas and carbon dioxide may 
be injected in alternate slugs. The injection of carbon dioxide aids in situ combustion by lowering the vis-
cosity of the oil, creating channels in the heavy oil deposits for the passage of the oxygen containing gas 
and increasing the mobility of oil ahead of the combustion front. 

"Separation of Hydrocarbons from Tar Sands Froth", Dennis D. Gertenbach, Daniel W. Gillespie, Joseph J. 
Leto - Inventors, Resource Technology Associates, United Stated Patent 4,648,964, March 10, 1987. 	 A 
process suitable for separating the hydrocarbon fraction from a tar sands froth is provided. The process 
comprises heating a fluid stream comprising the froth to above about 300 0C, pressurizing the stream to 
above about 1,000 pslg and separating the hydrocarbon fraction, having less than one percent solids and less 
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than five percent water, from the treated stream. Separation Is preferably by gravitational settling in a set-
tler and occurs substantially Instantaneously. The heat/pressure treatment can be optionally followed by addi-
tion of a diluent, such as naphtha. The pressure is preferably produced by the hydrostatic head of a column 
of froth. 

"Method of Breaking Down Chemisorption Bond of Clay-Containing Heavy Oil Water Emulsions", Charles E. 
Capes, Richard D. Coleman, Ira E. Puddington, William L. Thayer - Inventors, Canadian Patents & Develop-
ment Ltd., United States Patent 4,648,962, March 10, 1987. Persistent chemisorption bonds of clay solids In 
clay-containing heavy oil and water emulsions, from oil sands, heavy oil or conventional oil wells, are broken 
down by mixing the emulsion with an aqueous mixture of coal particles so that the mixture has a suspension 
density In the range 1 to 50 weight percent solids. The coal particles have a particle size in the range S to 
100 micrometers so that occluded hydrophilic, inorganic solids are separable from a substantial portion of the 
hydrophobic, carbonaceous substances of the coal. The mixing of the emulsion with the aqueous suspension of 
coal particles Is continued until agglomerates are formed comprising essentially carbonaceous components of 
the coat and the heavy oil thereby breaking down the chemisorption bonds by interdependently dissociating 
carbonaceous components of the coal and heavy oil from the clay solids and other hydrophilic, inorganic 
solids and water from the dissociated clay solids and other hydrophilic, inorganic components and then 
volatile components of the agglomerates may be thermally or otherwise extracted from them. 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1987) 

ATHABASCA PROJECT - Solv-Ex Corporation and Shell Canada Limited (T-01) 

The project is a joint venture of Solv-Ex and Shell Canada Limited to undertake the phased development of an open pit mine and 
extraction plant for bitumen on Shell's oil sands lease in Alberta, Canada. 

Phase I of the project includes a detailed engineering study and a 1,500 metric tonnes run of oil sands through the Solv-Ex pilot 
plant, located in Albuquerque, New Mexico. 

Pending successful results of the testing and acceptable economic forecasts, the construction of the mine and plant complex 
(Phase II) would begin, with completion targeted for some time in 1990. 

The mine will provide 16,275 tons of ore per day to the extraction plant, which will use the Solv-Ex technology. About 
7,500 barrels of bitumen per calendar day are expected to be produced, the product to be sold as bitumen or upgraded to syn-
thetic crude at additional cost. 

The Government of Alberta and the Alberta Oil Sands Technology and Research Authority have agreed to provide financial as-
sistance to the project in the form of a loan guarantee for Phase II of 30 percent of costs up to aSS million, plus capitalized in-
terest, and a C$3 million grant for Phase I, respectively. Work on Phase I is already underway. 

Project Cost: C$260 million (Phase II) 
aio million (Phase I) 

81-PROVINCIAL PROJECT - UPGRADER FACILITY - Husky Oil Operations Ltd. (T-35) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Lloydminster, Saskatchewan. 
The facility will be designed to process 54,000 barrels per day of heavy oil and bitumen from the Lloydminster and Cold Lake 
deposits. The primary upgrading technology to be used at the upgrader will be H-Oil ebullated bed hydrocracking followed by 
delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan which provide loan guarantees and royalty concessions. 

In April 1986, Husky and the governments reviewed the terms of this agreement and established alternative conditions. Under 
the new agreement Husky will complete the design engineering for the project and prepare a definitive cost estimate as Phase I of 
the project. 

Following these Phase I activities the governments and Husky will review the cost estimate in March 1987 and will establish the 
Financial terms for continuation of the project under Phase II, detailed engineering and construction. 

To date licensor engineering for the H-Oil and Hydrotreating Units has been completed. Licensor engineering for the Delayed 
Coking Unit will be complete by August 1986. Licensor engineering for the Sulfur Plant will be initiated in June 1986. 

Engineering contracts for each of the five process plants and for the Utilities and Offsites have been awarded as follows: 

Primary Upgrading Plant 	 PCL-Braun-Simmons Ltd. 
Secondary Upgrading and Crude Plants 	 Bantrel Group Engineers Ltd. 
Hydrogen Plant	 SNC/FW Ltd. 
Utilities and Offsites 	 Partec-l.,avalin Inc. 
Sulfur Plant (Phase I) 	 Monenco Engineers and Constructors Inc. 
Delayed Coker	 Foster-Wheeler U.S.A. Corporation 

Work on Phase I activities is underway for all plants. 

Project Cost: Upgrader Facility estimated at CS1.4 billion 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (T-06) 

California Tar Sands has developed a downhole hydraulic mining system whereby oil sands occurring at depths from 100 to 
600 feet will be mined using a hydraulic mining too]. Bitumen will be extracted from the sand using a surface removal process. 
Operations will take place in California, Canada and China. 

Project Cost: S5-57 million
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL PROJECTS (Continued) 

COLD LAKE PROJECT— Esso Resources Canada Limited (F-20) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval 
to proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Sub-
sequent approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985. Durin g 1986, commercial bitumen production at Cold 
Lake avenged 41,000 barrels oil per day. 

The AERCB has approved Esso's application to add another expansion of 6,000 cubic meters per day at an estimated cost of 
$400 million. Detailed engineering is in progress but a firm construction date for all or part of this additional volume has not 
been set. 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam 
generation plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design al-
lows for all produced water to be recycled. 

A debottleneck of the first six phases is scheduled to start in mid-1987, to add 1500 cubic meters per day by mid-1987, at a cost of 
$50 million. 

Project Cost: Approximately $500 million for first six phases 

DAPHNE PROJECT - Petro-Canada (T-25) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases near Fort McMurray, 
Alberta. The proposed project would produce 73,000 barrels per day. Based on mining studies by Lorain International Ltd., en-
gineering studies by Bechtel Canada Ltd., and continuing internal studies by Petro-Canada. The project is expected to cost 
$4.1 billion (Canadian). During the 1984/1985 winter 117 core holes were drilled at the site to better define the resource. 

Federal and provincial government agencies have been contacted to discuss reduced royalty and tax schemes, but no agreements 
have been reached. Petro-Canada has also discussed the project with other companies that may be interested in acquiring equity 
shares in the project. 

Currently, the proiect has been suspended pendin g further notice 

Project Cost: $4 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (F-SO) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project 
will be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is 
being put on hold due to the current worldwide energy supply picture. The Lurgi pilot unit is being maintained in condition for 
future operations. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21— to 23 —API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: Undetermined 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (1'-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 
100 percent working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the 
NW 1/4 of Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is 
indicated in other Mannville zones including the Colony. Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. Phase I of the Project will involve the drilling, construc-
tion, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a continuation of field delineation and 
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development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The delineation and 
development wells are drilled on a 1619 hectare spacing and are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase I Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. 

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) 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10— API crude oil by a fire flooding technique utilizing injec-
tion of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested from 
the United Slates 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 is in the start-up phase with six injection wells taking 75 tons per day of 90 percent pure oxygen. 

Project Cost: Estimated $423 million 

FROG LAKE PROJECT - PanCanadian Petroleum Ltd. (T-29) 

PanCanadian applied to the Alberta Energy Resources Conservation Board (ERCB) for approval of Phase I of a proposed 
3 phase commercial bitumen recovery project. Approval by the ERCB is expected. 

The Phase I project, costing C$90 million, would involve development of primary and thermal recovery operations in the Elk 
Point, Frog Lake area of the Lindbergh Field in east-central Alberta. Phase I operations would include 113 wells already drilled. 
Several other existing wells in the proposed project area were drilled for pilot projects that PanCanadian plans to continue. 

An additional 165 Phase I wells would be drilled over the project's 20 years life. PanCanadian requested permission to develop 
two sections for steam stimulation of the Cummings sand formation. The wells would be drilled in a seven-spot pattern on 
4 hectare (10 acre) spacing. PanCanadian expects to develop one-quarter section every two years. Phase I would also include 
primary development of 14 sections with a maximum of 16 wells per section on 16 hectare (40 acre) spacing. The arrangement 
and spacing of primary wells would allow their use in future thermal recovery operations. 

PanCanadian expects Phase I recovery to average 3,145 barrels per day of bitumen, with peak production at 4,403 barrels per day. 
Tentative plans call for Phase Il operations starting up in 1990 with production to increase to 6,290 barrels per day by 1991. 
Phase Ill would go into operation in 1992, and 300 new wells would be drilled on six sections. Production would increase to 
12,580 barrels per day. Phases II and Ill would be developed as thermal recovery projects. After cyclic steaming, the patterns 
would be convened to steamiloods or firefloods. 

Although the schedule is likely to be reduced from that originally proposed to the ERCB in 1986, the company indicates that it 
plans to keep the project alive. 

Project Cost - Phase I = C$90 Million 

LINDBERGH COMMERCIAL PROJECT - Dome Petroleum Limited (I'-32) 

Dome Petroleum received approval from the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover five sections and and was planned to be developed at a rate of one section per year for five 
years. It will employ "huff-and-puff" steaming of wells drilled on 10 acre spacing, and will require capital investment of ap-
proximately $158 million (Canadian). The project is expected to encompass a period of 12 years and will result in peak produc-
tion of 12,000 barrels of oil per day, which when coupled with production from two experimental plants and additional wells will 
raise the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted after 31 wells were 
completed. These wells have been placed on primary production. Steaming, gathering, and processing equipment was committed 
prior to the oil price decline, and is being stored for use when the oil price recovers. 

Project Cost: $158 Million
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LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (1t33) 

Murphy Oil Company Ltd., has completed construction of the first phase of its commercial thermal recovery project in the 
Lindbergh area of Alberta. Project development is planned in four separate phases over nine years, with a total project life of 
30 years. 'l'he first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the north Saskatchewan River. Startup of the new wells has been 
postponed pending satisfactory oil pricing. However, pilot operations are continuing. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over 
the life of this project is expected to be in excess of 12 million cubic meters of heavy oil. Experiments with follow-up production 
techniques, which may improve recovery rates even further, are continuing at the pilot project. 

The project will use a huff-and-puff process with about two cycles per year on each well. Production will be from the Lower 
Grand Rapids zone at a depth of 1,650 feet. Oil gravity is 11—API, and oil viscosity at the reservoir temperature is 
30,000 centipose. 

As production from the initial wells declines, replacement wells will be drilled and brought on stream, to maintain production. An 
average of 18 new wells will be drilled each year. The wells will be directionally drilled outward from common pads, reducing the 
number of surface leases and roads required for the project. 

Capital costs of Phase I was $30 million (Canadian) for the initial installations, with about $6 million in capital additions expected 
for each succeeding year to drill and tie in the replacement wells. Operating expenditures will be in the order of $12 million per 
year. 

Development of future phases will be dependent on satisfactory performance in Phase I and successful production tests at the in-
tended locations for these phases. A tentative schedule is to commence construction of Phase II in 1988, Phase Ill in 1990, and 
Phase IV in 1992. Total production from all four phases would be 10,000 barrels per day. 

Project Cost: Phase I - $30 million (Canadian) capital cost 
$12 million (Canadian) operating costs plus $6 million capital additions annually 

LLOYDMIN&FER REGIONAL UPGRADER - (See Bi-Provincial Project-Upgrader Facility) 

NEWGRADE HEAVY OIL UPGRADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-35.2) 

Site work has been started for the $650 million upgrader project to be built adjacent to the Co-Operative refinery in Regina, Sas-
katchewan. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries will provide 5 percent of the costs as equity, while the provincial government will provide 15 percent. 
The federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the costs as debt. 

Newcrade has selected process technology licensed by Union Oil of California for the upgrader which will provide 30,000 barrels 
per day of upgraded crude. 

Project Cost: $650 million 

PEACE RIVER COMMERCIAL EXPANSION - Shell Canada Limited (F-353) 

Shell Canada Limited expanded the existing Peirce River In Situ Pilot Project to an average production rate of 10,000 barrels per 
day. The expansion is located adjacent to the existing pilot project, approximately 55 kilometers northeast of the town of Peace 
River, on leases held jointly by Shell Canada Limited and Shell Explorer 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 
commercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant 
for generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
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bitumen extracted will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline and 
initially would be exported to the northern tier refineries in the United States for asphalt production. 

An application to the ERCB received approval in early November 1984. Drilling began in February 1985. Construction began 
June 1985. The expansion was on stream October 1986. This expansion is only the first step of Shells long-term plan to develop 
the Peace River oil sands. If successful, a further expansion could follow in the early 1990s. Additional phased production could 
occur over a 30 year period. 

Project Cost: $200 million 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (T-38) 

Dome has proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Dome is earning a 
working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company under-
took a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest in 
eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10—API oil in 1984. 

The agreement with Alberta Energy contemplates that Dome can earn an interest in an additional 225,000 acres of adjoining oil 
sands lands through development of a commercial production project. The project is estimated to carry a capital cost of at least 
$C1.2 billion and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each year for the first five years Dome will start a new 400 well, 
5,000 barrels per day stage. Each stage will cover four sections with sixteen 26 well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. 

Due to the dramatic decline in oil prices, the proposed 1986 drilling schedule has been postponed. The project will proceed when 
oil prices return to levels which make the project viable. 

In January 1984, Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration Inc., which 
permits those companies to earn a total of 25 percent of Dome's interest in the Primrose pilot recovery project and the proposed 
commercial production facility. Under this agreement, the two companies have reimbursed Dome for approximately $20 million 
of its costs for the pilot recovery project and will pay one-half of future expenditures on the commercial production project. The 
two companies also have the right to earn a 15 percent working interest in any subsequent projects for the recovery of bitumen 
from the Alberta Energy lands. 

Project Cost: $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SARNIA-LONDON ROAD FIELD MINING ASSISTED PROJECT - Devran Petroleum Ltd. and Shell Canada Ltd. (T-39) 
Devran and Shell Canada are proceeding with a project to recover 2 million barrels of oil from a long-dormant oil field near the 
southern tip of Ontario. Devran operates the mining-assisted oil recovery project near Sarnia, Ontario. Devran and Shell Canada 
jointly lease approximately 3,900 acres with 1,200 acres in the active field. Known as the Sarnia-London Road Field, the area was 
drilled by Imperial Oil from 1898 to 1901. Production rates from individual wells of two or three barrels of oil per day were re-
corded, with some wells reported to have initial producton rates of over 10 barrels per day. The Sarnia-London Road Field 
produced for 25 years, yielding a significant amount of natural gas with the oil. 

Unit A is the first production project, designed to produce oil from approximately 600 acres. A shaft has been sunk to a depth of 
430 feet, and two production stations have been established, one for each of two oil-bearing layers. Facilities to collect the oil and 
pump it to surface are included in these production stations. Conventional surface production facilities including a heater treater, 
tanks for storage of the oil, a service building, and a mine shaft house are in place. 

A total of 120,000 feet of horizontal drilling in the two oil layers will allow oil to flow freely along the paths provided by the holes. 
Production rate is expected to be on the order of 600 barrels daily. Satisfactory results from Unit A could lead to follow-up 
development of a second production facility based around a second shaft on Unit B to be located approximately 1 kilometer 
northwest of Unit A. 

Unit A is being financed by Devran and Shell Canada. Devran received a $475,000 grant from the Federal Ministry of Energy, 
Mines and Resources and a $100,000 grant from the Ontario Provincial government. Financing is also facilitated by the quali-
fication of this project under federal government tax incentives encouraging investment in Canadian petroleum exploration. 

The procedure being applied involves three major steps. First, a mine shaft is sunk to the oil layer. Next, a production station is 
excavated where the shaft passes through or reaches the oil layers (the pay zone). Finally, the production station becomes the site 
from which holes are drilled horizontally in a radial or 'wagon wheel' pattern into the pay zone- Each production station with its 
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set of wells drains by gravity several hundred acres. The length of these horizontal wells is determined by the formation geometry 
and geological conditions. 

Most production from the project commenced in November. 1986. 

Project Cost: $6.5 million 

SCOTFORI) SYNTHETIC CRUDE REFINERY - Shell Canada Limited (T-40) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as fecdstock, 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. The refinery's petroleum products are gasoline, diesel, jet fuel and stove oil. B yproducts in-
clude butane, propane, and sulfur. Sufficient benzene is produced to feed a 300.000 tonne/vear styrene plant. Refinery and 
petrochemical plant officially opened September 1984. 

Project Cost: $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants 

SUNCOR, INC., OIL SANDS GROUP - Sun Oil Company (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (T.50) 

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. is comprised of three major groups: Resources Group, Sunoco Group, and Oil Sands Group. The Resources Group 
is sub-divided into three divisions: Exploration, Production, and Marketing and Business Management. The Sunoco Group 
refines and markets petroleum products. The Oil Sands Group is explained in the following paragraphs. 

Oil Sands Group 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, over-
burden is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. 
Third, hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal 
cracking produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality syn-
thetic crude oil, most of which is shipped to Edmonton for distribution. 

Comm estimated remaining reserves of synthetic crude oil are 370 million barrels. 

The plant has received world price for its oil which has ranged from $17 to $45 (Canadian) per barrel over the last few years. 

Project Cost: Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - ONC Tar Sands Corporation (F-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by 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—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 GNC 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—API crude with characteristics between Saudi Light and Saudi 
Heavy.
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GNC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen It has ap-
plied to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon tease. The company has contracted 
Morrison-Knudsen for mining and upgrading. The first commercial facility will be 5,000 barrels per day. In response to a solicita-
tion by the United States Synthetic Fuels Corporation (SFC) for tar sands projects that utilize mining and surface processing 
methods, GNC requested loan and price guarantees of $452,419,000. Construction would start in the third quarter 1986 with first 
production in the first quarter 1989. On November 19, 1985 the SEC determined that the project was a qualified candidate for as-
sistance under the terms of the solicitation. 

On December 19, 1985, the SFC was cancelled by Congressional action. GNC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg 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, with some used equipment, would cost $149 million. 

Project Cost: $149 million for 7,500 barrels per day facility 

SYNCRUDE CANADA, LTD. - Esso Resources Canada Limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (13.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada 
Corporation (9.03 percent); HBOG Oil Sands Limited Partnership (5.0 percent); PanCanadian Petroleum Limited (4.0 percent) (T-60) 

Located near Ft. McMurray, the plant has an allowable production of 138,600 barrels per calendar day, however, current capacity 
is 130,000 barrels per calendar day and has been in early stages of production since July 31, 1978. Mining electric draglines; 
extraction_hot water flotation process; upgrading_two fluid cokers. Canadian Bechtel Ltd. was managing contractor. In 1979, 
18 million barrels of synthetic crude were delivered. Production in 1980 was over 28 million barrels; production in 1981 was over 
29.7 million barrels. The 1982 production figure was 31.32 million barrels, and 1983 was 40.8 million barrels, 1984 was 31.2 million 
barrels, 1985 was 46.7 million barrels and 1986 was 47.4 million barrels. All major equipment is in place and operational; four 
draglines and four bucketwheels working. Syncrude's staff is 4,200. A $13 billion debottlenecking and capacity addition project 
(expansion) will increase synthetic crude oil production to 138,600 barrels per day. The expansion is expected to be complete by 
1989. 

Project Cost: Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (r-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project 
(a joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. 
Production 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—API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

The project is going ahead largely due to tax and royalty concessions by both federal and provincial governments. In early 1983 
the Canadian federal government announced that new oil sands and heavy oil projects would be exempted from the Petroleum 
and Gas Revenue Tax until capital costs have been recovered. The Alberta government has indicated that during the early years 
of the project the province will levy only a nominal royalty. This royalty initially could be as little as 1 percent, possibly increasing 
to as much as 30 percent of net profits once the project sponsors recover their investment. 

BP and Petro-Canada 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. In March 1986 
they awarded a contract for the front-end engineering design of the second phase of the Wolf Lake project to Bantrel Group En-
gineers Ltd. The design provides a cost estimate for the project and a lump-sum bid package. A decision on whether to proceed 
with construction of the second phase will be taken during the first half 1987. Phase 2 of the Wolf Lake project has a design 
production capacity of 2,000 cubic meters per day (13,000 barrels per day) over its 25 year life. It will require the drilling of 
248 wells initially, located on 14 satellites. On average, 32 additional wells will be drilled each year following completion. The to-
tal number of wells to be drilled over the project's life will be 1,224.
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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 I990s 
(44,0)0 barrels per day). In January, 1987 the Alberta I3RCH approved BP Canada's application for Phase 2. 

Estimated Cost: Wolf Lake I 
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2 
$200 million (Canadian) initial capital 

R & D PROJECTS 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., and Cold 
Lake Heavy Oil Ltd. (T-85) 

The project is operated by Bow Valley Industries Ltd. The process utilizes superheated steam, carbon dioxide, and chemicals to 
recover bitumen from the Clearwater formation. This technology was developed by Cannel Energy of Houston, and partially 
tested in heavy oil fields in the United States. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A possible second phase 
would encompass 18 additional wells. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot 
several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes 
some of the surface facilities built for the Gulf pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is left to soak 
for a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in the oil, reducing its vis-
cosity. The well is then put on production with back pressure and the gas comes out of solution to provide a gas depletion drive 
mechanism. After the individual wells achieve _link-up* with this cyclic procedure, the pilot may be converted to a steam drive. 
Carbon dioxide is trucked in to the pilot facility. 

Project Cost: $15 million for the first phase 

ATHABASCA IN SITU PILOT PROJECT - Alberta Oil Sands Technology and Research Authority, Canterra Energy Ltd., Tenneco 
Oil of Canada, Ltd. (T-130) 

The Canterra/TECAN/AOSTRA steamflood pilot commenced operation during December 1981 in one of its two patterns. The 
first pattern consists of 6 producers, 7 injectors, 8 observation wells inside the pattern and 3 outside the pattern, 3 water source 
wells and 3 water disposal wells. A "modified' second pattern was started up in 1984. The modification consists of four new wells 
drilled to form a single 9-spot pattern with 8 producers and I injector. There are 2 observation wells inside the pattern and 4 out-
side the pattern. 

Due to the decline in crude oil prices, the existing field program could not be maintained. This resulted in the first pattern's 
steam injection being terminated in September 1986. Results from the first pattern have been encouraging. 

In 1987, the second pattern will undergo an expansion, with 4 producers, 2 injectors, and 1 observation well being added. 

Project Cost: $115 million (estimate) 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. (T-135) 

Mobil Oil Canada initiated dry combustion in 1965 and convened to wet combustion in 1978. This ongoing field project presently 
has nine bums and 133 production wells. 

Project Cost: Not disclosed
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BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources limited. (1-140) 

The original project, a single-well experimental in situ project located at 36-61-2-W4M, was terminated in 1975. ERCB approval 
No. 2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the recovery of crude bitumen from the Cold Lake 
Oil Sands Deposit. This approval was amended to locate the pilot in Section 31-61-1 W4. Construction began in early May 1977 
with operation commencing in March 1978. Approval was further amended in November 1981 to convert to drive operation and 
extend expiration to 12/31/1984. Project consists of six producing wells, one steam injection well and eight temperature observa-
tion wells. A steam drive-producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. Ceased 
steam injection at end of 1984. Started heat scavenge phase in January 1985, by injecting all produced and make-up water. 

The project was finally shut-in October 1, 1985 and is presently in suspended status. 
Project Ccst:$14 million (estimated) 

CANMET HYDROCRACKING PROCESS - Canada Centre for Mineral and Energy Technology (CANMET), Petro-Canada, and 
Partec Lavalin Inc. (1-175) 

Based on the results of bench scale and pilot plant studies, a novel hydrocracking process has been developed at CANMET for 
the upgrading of bitumen, heavy oil, and residuum. This CANMI3T Hydrocracking Process is effective for the processing of heavy 
feedstocks with conversion of 90 weight percent of the pitch to distillate boiling below 524—C. (Pitch is defined as material boil-
ing above 524—C) An additive has been developed for the CANMET Hydrocracking Process which acts as a hydrogenating and 
coke-getting agent. High asphaltene conversions are achieved with the CANMET additive at comparatively moderate pressures 
and temperatures. Only moderate H2 consumption is required to achieve high levels of asphaltene and pitch conversion. This is 
attributed to the additive which primarily functions as a hydrogenating agent. Smooth and continuous pilot plant operations have 
been achieved with the CANMEI' additive. 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. 

Upon startup, the unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was 
achieved. In May 1986, introduction of additive led to the achievement of 80 weight percent pitch conversion. 

The unit was shut down for detailed mechanical and materials inspection during the summer of 1986. Since no mechanical corro-
sion or materials problems were found, the unit was restarted in October, 1986 for further process refinements and operational 
data collection. 

The test program is continuing. 

Project Cost: Not disclosed 

CEDAR CAMP TAR SAND PROJECT - Enercor, Mono Power (1-190) 

Conceptual project to include a 50,000 barrels per day (maximum) tar sand processing plant associated with a surface mine in the 
PR Spring area. Modified hot water extraction would be employed. At present, reserves for a 20 year, 50,000 barrels per day 
plant are estimated, but not yet confirmed by an actual coring program. 

Project Cost: Not disclosed 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (1-200) 

Mobil's heavy oil project is located in T52 and R23, W3M in the Celtic Field, northeast of Uoydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells.
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Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations 
are continuing. 

Project Cost: $21 million (Canadian) (Capital) 

ClIARLOflE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (r-205) 

Canadian Worldwide currently holds a 25 percent working interest in this 8,960 acre property located approximately 12 miles 
southeast of the town of Bonnyville. An agreement has been reached with Husky Oil Operations Ltd., to proceed with a 
$5 million pilot project to be completed by December 31, 1987. By completing this work, Husky will earn one-half of Canadian 
Worldwide's 25 percent interest. Two wells have now been drilled and tested by steam cycling. Production from the first well was 
very encouraging, however, results from the second well were below expectations. As a result of this, along with continued low oil 
prices, further field work has been postponed. 

Project Cost: $5 million 

CIRCLE CLIFFS PROJECT— Kirkwood Oil and Gas (T-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost: Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (7-230) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 100 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 10 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones are being tested in the Up-
per and Lower Grand Rapids formation. The tests are scattered throughout Mobil's leases in Townships 63 and 64 and Ranges 6 
and 7. Encouraging results have been observed. 

The program has been reduced to six active wells in 1987, as objectives for some wells were being met, and as a result of the drop 
in oil prices. 

Project Cost: Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, 
and L'Association pour In Valorization des Huiles Lourdes (ASVAHL) (T.247) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were, conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations are to 
be completed by mid-1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut 
Francaise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for 
upgrading heavy residues and heavy oils at a demonstration scale.
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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 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (T-252) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois 
Institute 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 resis-
tive heating. 
The first field test of the process was completed last summer. The first commercial well, producing about 20 barrels per day, was 
put into production in December 1985 in Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS 
received permits from the Alberta Energy Resources Conservation Board, and stimulation started in a recently completed well in 
the Lloydminster area in Alberta, Canada. This well was drilled on Husky Oil Operations Limited acreage in the Wildmere Field. 
Primary production continued for about 60 days, during which the well produced about 6 barrels per day of 11—API heavy oil. 
The well was then shut down to allow installation of the ORS electromagnetic stimulation unit. After power was turned on and 
pumping resumed on June 10, a sustained production of 20 barrels per day was achieved over the following 30 days. The produc-
tivity of the well is expected to increase somewhat more as the stimulation operations proceed. The economic parameters of the 
operation are said to be within the range expected. 

Additional developmental wells are expected in the near future at four separate fields in Alberta and Saskatchewan. Another field 
trial is planned in Brazil in 1986. new operations will be carried out by ORS in a joint venture with the firm Azevcdo and 
Transvassos S/A of Sao Paulo. The test will be conducted in the Potiguar Basin, which contains several oil fields with in-place 
reserves estimated by Petrobras to be 4.4 billion barrels. ORS has also tentatively reached agreement with Tenneco Oil Company 
for a 260 acre farmout in the White Wolf field, 25 miles south of Bakersfield, California. There is an estimated 28 million barrels 
of 14— to 16 — gravity oil in place in the farmout acreage. A test well is also being re-started in Tulsa County, Oklahoma. 

Universal Energy believes that total lifting costs using its technology could be as low as $3 per barrel 

Project Cost: Not disclosed 

ENPEX SYNTARO pROJECr - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil Company, M. H. 
Whittier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General Partners) (T-260) 

ENPEX Corporation has operated Texas Tar Sands, Limited's 400 barrels per day San Miguel tar sands recovery project. The 
project has been on-line since January 1984 and produced San Miguel tar at rates of above 500 barrels per day. The project util-
izes a 50,000 pound per hour fluidized bed coal combustor to provide steam for a steam drive process. Daily production rates in 
excess of 500 barrels per day were achieved. Tar sales were approximately 150 to 200 barrels per day. 

The plant is shut down due to current oil prices. The fluidized bed combustion system and oil processing unit are available for 
operations elsewhere. 

Project Cost: Not disclosed 

ESSO COLD LAKE PILOT PROJECT'S - Esso Resources Canada Ltd. (T-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease 
No. 40. Esso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The 
Laming pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and 
plant facilities in 1980 to increase the capacity to 14,000 BOPI) at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 19.86 Laming had 500 operating 
wells. Approved capacity for all pilot projects is currently 3,100 cubic meters per day4e., about 19,500 barrels per day of 
bitumen.

SYNTHETIC FUELS REPORT, JUNE 1987 
3-57



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1987) 

R & D PROJECTS (Continued) 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds 
per hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable 
feedwater for the steam generators. 

(See Cold Lake in commercial projects listing) 

Project Cost: $260 million 

EYEI-IILL IN SITU STEAM PROJECT - Canada Cities Service, Ltd., Canadian Reserve Oil and Gas Ltd. and Murphy Oil Company 
Ltd. (17-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-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. InfilI of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 
1, 1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 
14.3 — API, viscosity 2,750 Cp at 70-11, porosity 34 percent, and permeability 6,000 nd. 

Project Cost: $15.2 million 

F1'. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (T-290) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area 
of Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with Suncor as operator. This oil has an 
avenge gravity of 123—API, and a sulfur content of 33 percent. The project utilizes huff and puff, with steamdrive as an addi-
tional recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns converted in 1984, 1986 
and 1987. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an 8 well cluster drilled in late 1985. Five additional 
development well locations have been identified. The project has a productive capability of 3,000 barrels per day; however, a 
number of low productivity wells are now shut-in due to low oil prices. Approximately 69 wells are now operating with production 
avenging 2,100 barrels per day. Further development work, including tying-in the Swells most recently drilled, has been delayed. 
Ultimate recoveries are anticipated to be greater than 21 percent with recoveries in the 26 percent range in the steamflood areas 
expected. 
Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

Project Cost: See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T-295) 

Mobil operates a pilot in the watered-out Fosterton Northwest reservoir. The dry combustion scheme, commenced in 1970, was 
converted to wet combustion in 1977. The pilot was expanded to two burns in 1983, and injection rates were increased. 

Project Cost: Not Disclosed 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-297) 

The Gregoire Lake In Situ Steam Pilot (GLLSP) 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 AOSTRA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). 
Amoco is the operator. The production pattern will consist of a four-spot geometry with an enclosed area of 0.28 hectacres 
(0.68 acres). Observation wells will also be drilled. The process will test the use of steam and steam additives in the recovery of 
highly viscous bitumen (Ix 10 million cP at virgin reservoir temperature). In the absence of natural injectivity, a special fracturing 
technique will be used. Sophisticated seismic methods and other techniques will be used to monitor the in situ process. 
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Reservoir selection, evaluation studies, and construction are complete. The project began operation in September 1985 and was 
onstream in the Fall 1986. 

Project Cost: $22 million (Canadian) 

GROSMONT THERMAL RECOVERY PROJECT - UNOCAL Canada Limited (17-380) 

Since 1975, Union has operated seven in situ steam tests and two in situ combustion tests in the Grosmont formation of Alberta's 
carbonate heavy oil deposit. In 1982, a new single five spot pattern was tested using stimulation and drive processes in section 28-
87-19 W4. At present 2 single well huff and puff pilots are still in operation. Participants in this project include the Alberta Oil 
Sands Technology and Research Authority (50 percent), Canadian Superior Oil Ltd. (25 percent) and Union Oil Company of 
Canada Limited (25 percent). The project has now been mothballed. 

At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost: Not disclosed 

HANGING STONE PROJECT— Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japanese 
Canadian Oil Sands (T-700) 

Total land holdin g for the proiect is one-half million hectares. 

Project Cost: Not formulated. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada Ltd. (T-690) 

The Iron River Pilot Project will consist of a 10 acre pad development with 23 directional and slant wells on an eight and four acre 
spacing within a 160 acre site. The project is 100 percent owned and operated by Mobil Oil. It will be loacted in the northwest 
quarter of Section 6-64-6 W4 adjacent to the existing Iron River battery facility located on the southwest corner of the quarter 
section. The project is expected to produce 1,450 barrels of oil per day. Through expansion, the existing battery facility will be 
able to handle the expected oil and water volumes. Plans call for the produced oil to be transported by underground pipeline to 
the battery. Pad facilities will consist of a 75 million BTU steam generation facility, test separation equipment, piping for steam 
and produced fluids, and a flare system for casinghead gases. 

To obtain water for the steam operation, a ground water well is proposed to be drilled on the pad site. Prior to use, the water 
will be treated. Produced water will be injected into an existing disposal well. The fuel will be supplied from Mobil's existing fuel 
gas supply system and the treated oil will be trucked to the nearby Husky facility at Tucker Lake. 

Government applications and engineering studies are planned to be completed by early 1987. Assuming government approvals, 
construction and drilling could begin during the summer of 1987 with production beginning in 1988. The pilot project is expected 
to operate for a minimum of five years. 

Project Cost: $12 million 

KENOCO PROJECT - Kenoco Company (T-340) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The 
principals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was success-
fully operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood 
process. The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core 
holes were drilled and analyzed. 
Plans are being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of S to 6 years to a 
10,000 barrels per day operation. Timin g is not yet firm pending stabilization of oil prices. 
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Project Cost: Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company. Ltd. (T-360) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot thick 
Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 acres. 
Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested from 
1980 to 1983 but has been terminated. Huff-and-puff continues. Production rates from the seven-spot area have been encourag -
ing to date, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 
11—API and has a viscosity of 30,000 Cp at 70—F. Porosity is 33 percent and permeability is 2500 mad. 

(Refer to the Lindbergh Commercial Thermal Recovery Project (V.33) listed in commercial projects) 

Project Cost: $7 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (17-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in order to 
evaluate an enriched air and air injection lire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to 
evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

Air was injected into one pattern to facilitate sufficient burn volume around the welibore prior to switching over to enriched air 
injection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A concerted 
plan of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. 
Enriched air injection was reinitiated in this pattern in August 1985. The blend-up process has been completed with present injec-
tion rate at 110 million cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any 
oxygen breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen 

Project Cost: $22 million 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST - Alberta Oil Sands Technology and Research Authority -33-
1/3 percent; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (T-395) 

BP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority (AOSTRA) entered into an agreement in 
1982 whereby they would test the potential for producing bitumen from the heavy oil deposits in the Cold Lake area of north-
eastern Alberta. The project consists of one cyclic steam stimulation well and two observation wells in the BIO sand of the Lower 
Grand Rapids Formation (B Unit), and commenced in 1982. Initially only one cycle of steam stimulation was considered. The 
project deadline was extended to the end of 1986, consisting of four cycles. (See Wolf Lake Project listed in commercial projects.) 

This test has now been completed and the project has been suspended. No further testing will take place until oil prices recover. 

The results of the single-well test proved that the BlO sand has significant cyclic steam potential. In view of this success, a multi-
well cyclic-steam test will be conducted in the BlO reservoir. The test will be carried out in a maintenance satellite of the Wolf 
Lake project. However, the test is considered to be experimental since no prior multi-well cyclic-steam stimulation has been 
carried out in this formation. Also, some of the wells in this pad will be testing the producibility of other sands in the B-Unit. 

Project Cost: $4.2 million (Canadian) 

MEOTA STEAM DRIVE PROJECT (North Battleford Heavy Oil Project) - Canterra Energy Ltd., Saskatchewan Oil and Gas Cor-
poration, Total Petroleum Canada Ltd. (T-400) 

On July 8, 1986 Canterra Energy Ltd. announced that it will suspend operations at its North Battleford, Saskatchewan heavy oil 
pilot project for the immediate future. The operation was suspended as a result of the prevailing low oil prices and the fact that 
further development of the project is not supportable in the current economic climate. 
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Cantern operates the pilot projet which is owned equally by Canterra, Saskatchewan Oil and Gas Corporation (Saskoil) and To-
tal Petroleum Canada Ltd. The project has been in operation since 1974, and has allowed the participants toclevelop a significant 
technical data base for recovery of non-mobile heavy oils found in the North Battleford area. Nine oil production/steam injection 
wells on 2.5 acre spacing were drilled and subjected to cyclic steam stimulation between 1974 and 1988. The nine-spot was con-
verted to an open pattern steamdrive in late 1980. A second phase of the pilot consisting of an additional twelve wells was added 
in 1981 and 1982 with initial cyclic stimulation of a new 4-live-spot pattern completed from 1981 to 1984 with subsequent conver-
sion to steamdrive. 

Located 35 kilometers northwest of North Battleford near the community of Meota, the heavy oil pilot project tested a cyclic 
steam stimulation process followed by conversion to steam drive. The project produced an avenge of 642 barrels per day during 
1985 and in June 1986 produced its millionth barrel. Canterra and partners invested $26.1 million after revenues in the project 
since its inception. Turndown of the operation commenced in mid-July and complete shutdown is expected by the end of 
September 1986. 

Project Cost $26.1 million after revenues (Canadian) 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (T-420) 

Dome Petroleum Limited has completed a 44 well drilling program in Section 35-514 W4M in the Morgan field in order to 
evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have 

• been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimulations to provide for 
production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. To date, six of the 
nine patterns have been ignited and are being pressure cycled using air injection. 

Project Cost: $20 million 

MURIEL LAKE PROJECT - Canadian Worldwide Energy Ltd. and others (r435) 

Canadian Worldwide holds a 41 percent interest in this 7,040 acre lease, which contains an estimated 50) million barrels of oil in 
place, and assumed operatorship of the project in late 1982. A total of 17 wells were drilled and produced, using cyclic-steam 
stimulation. 

Due to an underlying water zone, oil production was insufficient to warrant a commercial operation. Consequently, operations 
were suspended in January 1984. 

Project Cost: Approximately $10 million (Canadian) 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands; Ltd., and Petro-Canada (17460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A 
three phase 15 year farniout 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 contribut-
ing a minimum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phase I by contributing 
$30.8 million. 

Phase II, designed initially to further test and delineate the resource, is now underway. This phase includes a multi-cycle single 
well steam simulation test at 13-27-84-11 W4 now in its fourth production cycle and a second multi-cycle single well steam stimula-
tion test at 16-27-84-11 W4 in its fifth production cycle. A third multicycle single well steam stimulation test at 4-35-84-11 W4 is in 
its second cycle. 

Project Cost: Not disclosed 

PEACE RIVER IN SITU PILOT PROJECT - Amoco Canada Petroleum Company Limited, AOSTRA, Shell Canada Limited, 
and Shell Explorer Limited (T470) 

Shell Canada is continuing to operate a pressure cycle steam drive project about 55 kilometers northeast of Peace River, Alberta. 
The pilot consists of a conventional steam drive with added pressurization and blowdown cycles. 
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This variation has been developed to fit the reservoir characteristics in the Peace River oil sands deposit where a thick, relatively 
high water saturation zone occurs at the base of the 27 meter thick oil zone at a depth of approximately 550 meters. 

Initial water and steam injection to recover bitumen started October 31, 1979. The well pattern is a 7-7 spot with each pattern 
covering an area of 2.8 hetares. The original project consisted of 24 production wells, 7 injectors and 12 observation wells. In 
1983, four welts were added to the project to test the multisoak steam stimulation process preceding a pressure cycle steam drive. 
Steam injection to these welts commenced in October 1983 with bitumen production beginning in March 1984. 

Pilot costs to the end of September 1984 are $146 million. The partners in the initial project are: Shell Canada, 18.75 percent; 
AOSTRA, 50 percent; Shell Explorer, 18.75 percent; and Amoco, 123 percent. 

Shell has undertaken a 200 well expansion project that would increase bitumen production to 1,600 cubic meters per day from the 
pilot's 200 cubic meters per day. An application to the ERCB received approval in early November 1984. Drilling began in 
February 1985. The expansion is planned to be on stream late 1986. Estimated capital cost is $200 million. 100 percent Shell par-
ticipation. The pilot has now been fully integrated into the expansion project. The entire project is now known as the Peace River 
Complex. (See Peace River Commercial Expansion.) 

Project Cost: $146 million (Canadian) for the pilot 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation (1-480) 

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 If (flreflood) commenced operations during September 1982. The pilot con-
sists of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was 
initiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project convened to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. Remaining wells retained on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming will be under-
taken in these new wells commencing in February 1987. The waterflood on the pilot ceased operation in April. 1987. Cyclic 

Project Cost: Not Specified 

PROVOST UPPER MANN qLLE HEAVY OIL STEAM PILOT PROJECT - Noreen Energy Resources Limited (1-482) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre 
inverted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until December 31, 1986. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. 

All nine pattern wells were placed on primary production in February 1985. Primary production operations will be maintained at 
all but three wells until start-up of the permanent steam and production facilities in December 1985. 

Project Cost: Not Disclosed 

PR SPRING PROJECT - Enercor and Solv-Ex Corporation, (1485) 

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 75 percent by weight bitumen.
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The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and 
has the advantages of.high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital 
and operating costs. Process optimization and scale-up testing is currently underway for the Solv-Ex/Shell Canada Project which 
uses the same technology. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230,947,000 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC was abolished by 
Congress 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 ('1-520) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. 

Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting.hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking.demetallation-cracking, was completed in 1984. Its capacity is 
5 barrels per day, and operation is continued to evaluate catalyst performance and also to obtain engineering data. Hydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. A 10 barrels per day pilot plant with suspended-bed reactor, designed by the 
M. W. Kellogg Company, was completed in 1985 and is in operation. 

Project Cost: Not Disclosed 

RAS GHARIB THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (T-527) 

The tar sand thermal pilot lies onshore in the Ras Gharib field on the West Coast of the Gulf of Suez, Egypt. Three wells, 
spaced approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Gharib covers an area of approximately 1,300 acres with an average thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million BTU per hour single pass steam generator was purchased. The first 3 cycles recovered nothing but water from the 
300 foot deep zone. A fourth attempt in 1986 included a monitor well which showed that the steam was over-riding the tar zone. 

Project Cost: Not Disclosed 

RTR PILOT PROJECT - Rfl Oil Sands (Alberta) Ltd. (1-540) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substan-
tial reduction in waste volume.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1987) 

R & D PROJECTS (Continued) 

Pilot data indicate that the total RTR/Gulf process (extraction and tailings management) oilers a substantial economic advantage 
over conventional hot water technology. This is particularly true for a remote plant in which energy requirements must be gen-
erated. 

Project Cost: Undisclosed 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (T-550) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gull Canada 
The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, 
through expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 per-
cent and Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, 
and more recently in 1985. Engineering studies on commercial feasibility are continuing. 

Project Cost: Not Specified 

SOUl]-! KINSELLA (KINSELLA B) - Dome Petroleum Ltd., PanCanadian Petroleum, and Petit-Canada (T.565) 

The project is a test of oxygen combustion in a waterflooded field. The pilot consists of five wells drilled in an inverted Ave spot 
configuration with two observation wells. Oxygen injection began in April 1985 and both oxygen and water were injected. 
Problems with oxygen breakthrough have occurred and the pilot has been shut in. 

Project Cost: $45 million 

SOUTH TEXAS TAR SANDS (50175) PROJECT (Fracture Assisted Steamflood Technology (FAST)) - Conoco (I.240) 

This Maverick County, Texas project involves the use of a novel and newly patented fracture assisted steamflood process (FAST) 
to recover -2—API gravity (i.e. viscosity over 2,000,000 cp) tar from the San Miguel 4 formation at a depth of 1,500 feet. The first 
5-acre inverted 5-spot pilot test conducted during the 31 month period beginning December 1977 and ending June 1980 was 
successful in producing 169,000 barrels of tar which corresponds to better than 50 percent recovery, efficiency. To confirm the 
performance of this first pattern, a second 75 acre inverted 7-spot pattern is presently being conducted at a location 2 miles west 
of the previous pilot site. Continuous steam injection and production at the new pilot began in August 1981. Tar response 
started at 300 barrels per day and peaked at nearly 600 barrels per day during November 1981 before beginning a gradual decline. 
Steam injection was terminated in June 1982, after which cold water was injected until January 1983. Cumulative tar production 
for this second pilot was 133,000 barrels or about 50 percent of the original tar-in-place. A smaller steam slug enabled the energy 
requirements to be reduced by 25 percent relative to the prior test. Because low cost steam significantly improves the economic 
feasibility of a large scale tar sands project, part of the steam for this second pilot test was provided by a solid fuel fired fluidized 
bed steam generator. The 50 million BTU per hour FBC demonstration unit has now operated for more than 8,300 hours and 
completed successful test burns on a wide variety of fuels ranging from low sulfur (15 weight percent) coal to high sulfur (7.1 
weight percent) petroleum coke including a semi-bituminous coal containing 35 percent ash. Overall, the performance of the FBC 
unit has either met or exceeded all of its basic design parameters. Reportedly, this is the world's first application of the FBC con-
cept to oil-field steam generation. The project is currently shut down for evaluation of post-pilot core data. The Electric Power 
Research Institute (EPRI) has funded a site-specific feasibility study for a 10,000 barrels per day FBC/cogeneration facility based 
on Conoco project data. The EPRI report is expected to be published in the near future. 

Project Cost: Not disclosed 

SUD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (F-580) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by Alberta Energy 
Company. Phase A of the project consists of one isolated live-spot pattern. The reservoir is a Glauconitic sand in the Upper 
Mannville 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 25 percent interest and Dome Petroleum 
and Westcoast Petroleum each hold a 125 percent interest. 

The pilot fulfilled its technical objectives in 1986. The technology is now planned to be implemented in selected regions of the 
South Jenner field. 

Project Cost: $11 million (Canadian)
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R & B PROJECTS (Continued) 

SUNNYSIDE PROJECT - Amoco Production Company (T.600) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of lee property and 9,600 acres of 
combined hydrocarbon teases 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 is planned for 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. 

Project Cost: Not disclosed 

TACIUK PROCESSOR PILOT - AOSTRAJThe UMA Group Ltd. (r-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William Taciuk of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat 
exchange, 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 
information agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the 
information generated by the project during the current phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary, upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

AOS'I'RA 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 AOSTRA. 

	

Project Cost: To Date: 	 $5.3 million 

	

Outstanding	 4.8 million 
Authorization: $10.1 million (AOSTRA) 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, 
to be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand 
Triangle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres in the Raven 
Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in the Hill Creek and 
San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With 
these conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost: Unknown
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R & D PROJECTS (Continued) 

TEXACO ATHABASCA PILOT - Texaco Canada Resources (T-650) 
Texaco Canada Resources Ltd. operated an experimental in situ recovery project located within Section 15-88-8 W4M on the Oil 
Sand Lease No. 0981038 in the Athabasca Oil Sands in Alberta, Canada. Construction started in 1972, and initial recovery 
operations commenced in 1973 with twenty-six wells on a 10-acm pattern (Pattern I). By April 1975, the number of wells in-
creased to thirty. Steam flooding, low temperature oxidation with steam flooding, and hot water flooding with and without addi-
tives were tested between 1973 and September 1985. Operations were suspended in September 1985. 

Eighteen new wells were drilled in 1975 on a 3.75 acre, inverted, 7-spot pattern (Pattern II), with expansion of surface facilities 
completed in 1976. Steam flooding with and without light hydrocarbon, wet combustion, and hot water flooding with and without 
additives were tested between 1976 and September 1985. Operations were also suspended in this pattern in September 1985. 

By 1981, eight wells including three horizontal wells were drilled for a third pattern (Pattern Ill). During 1984 and 1985, artificial 
lift equipment was installed in both of the outside horizontal wells. 
'The pilot was terminated September 1986. 

Project Cost: Approximately $71.0 million to December 1985 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T-655) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells 
were added during 1985. To determine the most productive area the test wells are widely spaced over a 3,ODO acre section of the 
lease. 

Approximately 1,250 barrels per day of 80 percent quality steam are injected into each well. Two portable natural gas-fired steam 
generators rated to 2,700 psi are in use at the pilot. Water for the steam generators will be provided by fresh water wells at the 
site. 

Preliminary estimates indicate that oil in place at the project area exceeds 500 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and 
permeability is 1,500 md. Oil gravity is 10—API with a viscosity of 100,000 cp at reservoir temperatures of 60—F. 

Husky has developed a 13 well pad which includes a SO million ETU per hour steam generator along with other associated 
facilities. The pad was operational during the second quarter 1986. 

Project Cost: Not Disclosed 

ULTRA SONIC WAVE EXTRACTION - Western Tar Sands Inc. (T-660) 

A 30 barrels per day mini-plant located on a 640-acre site at Raven Ridge in Uinta County, Utah. Open pit mining, crushing and 
surface extraction will be employed. The facility will use different kinds of solvents enhanced by ultrasonic vibration for extrac-
tion. A partnership of industrial companies is responsible for detail engineering and final process configuration. The partnership 
will build and operate the mini plant. Baseline design and engineering was provided by Science Applications, Inc. No schedule 
has been set for commercial production. 

Corkhill Drilling, Inc. was engaged by WIS to drill 14 holes to an avenge depth of 100 feet to determine the extent of tar sand 
resources on the site location. 

Project Cost: $7.0 million 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA) (F410) 

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 will allow drilling of access wells to permit heated 
bitumen to flow, by gravity into the tunnels. 

AOSTRA refers to the technology as Shaft and Tunnel Access Concept (SATAC). Injection and production wells, 500 to 
600 meters in length, will be installed in the oil sand by drilling horizontally from tunnels in the sand, or by drilling up and deviat-
ing 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. 
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R & D PROJECTS (Continued) 

Norwest Resources Consultants worked on a design study for AOSTRA involving a mine shaft and tunnel pilot project. 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 sink-
ing of two 3-meter diameter vertical shafts and 300 meters of preliminary tunnel work. To date, the shafts have been completed 
and, with the additional work done by J. S. Redpath, 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 IJTF site and reassembled in the mine. it is now drilling the initial 
underground test wells. 

Recovery processes will be tested in conjunction with drilling tests as part of the next phase of the project. The development of 
effective bitumen extraction processes is crucial to the success of the oncoming pilot phase. Preferred processes have been iden-
tified and construction of the pilot phase is presently nearing completion. 

Project Cost: 
Cost for construction of all facilities, mining and process, plus a pilot operation of several years is estimated to be around 
$100 million. 

WOLF LAKE OXYGEN PROJECT (Formerly Marcuerite Lake Phase K) - BP Canada Resources 

OP Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 whereby Hudson's Bay 
and PanCanadian joined 13? in a pilot in situ project to produce 900 barrels per day bitumen from the Cold Lake heavy oil deposit 
of northeastern Alberta. At the end of 1985 the first phase of the proiect was completed. The second Phase lasted from 1986 to 
April 1, 1987, when the project agreement expired. The project, which is to last until 1988, involves the use of steam and combus-
tion for bitumen recovery and is located at 7.66-R5-W4M. It is presently funded 100 percent by BP Canada. At the end of 1985 
the first phase of the project was completed. The current phase, which will until 1988, is planned to further develop the combus-
tion process so that it can be taken into the Wolf Lake Project in the 1990s. The project utilizes cyclic steam stimulation followed 
by in situ combustion in the Mannville 'C' zone at a depth of about 450 meters. The pilot initially consisted of four 5-spot well 
patterns with S-acres per well spacing, plus four 'out-of-pattern' test wells. Five infill wells were drilled in 1981 and five additional 
infill wells were drilled in 1984. initial steam injection (Phase A) commenced in mid-1978 and continued through the mid-1980s. 
Preliminary testing of the in situ combustion stage began in several special test wells located immediately adjacent to the main 
pilot wells, using air. Oxygen injection was successfully tested on an experimental basis in March 1983, and the main pilot area was 
converted to oxygen injection in October 1983. Combustion will continue until 1988. 

(See Wolf Lake Project listed in commercial projects.) 

Project Cost: $50 million (Canadian) 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T-665) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Avenge permeability is 3.17 mKm2. Tempera-
lure ranges from 279— to 281—K; porosity is 26—; oil saturation is 87 percent of the pore volume or 10 percent by weight. Vis-
cosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through 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-
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cost: Not Disclosed
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COMPLETED AND SUSPENDED PROJECTS

Pro ject Sponsor Last Appearance in SPIt 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. December 1983; page 3-56 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil 
University of Utah 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 3-42 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources December 1979; page 3-31 

Deepsteam Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-51 
Development Project 

Ipiatik Lake Project Alberta Energy Company and December 1986; page 3-63 
Petro-Canada 

Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster Fireilood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 343 
Westcoast Petroleum
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Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
I3sso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 341 
Minerals Research Ltd. 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

K. F. Heating Project LIT Research Institute March 1983; page 3-43 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project SoIv-Ex Corporation March 1985, page 3-45 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 3-43 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

200 Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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INDEX OF COMPANY INTERESTS 

Company or Organization Proiect Name 

Alberta Energy Company Syncnidc Canada Ltd. 3.53 

Alberta Oil Sands Equity Syncrude Canada Ltd. 3.53 

Alberta Oil Sands Technology ABC Cold Lake Pilot 3.54 
and Research Authority (AOSTRA) Athabasca In Situ Pilot Plant 3-54 

Donor Refined Bitumen Process 3-56 
GLISP Project 3-58 
Marguerite Lake "8" Unit Experimental Test 3-60 
Peace River In Situ Pilot Project 3-61 
Taciuk Process Pilot 3-65 
Underground Test Facility Project 3-66 

Amoco Canada Ltd. Elk Point 348 
GLISP Project 3-58 

Amoco Production Company Sunnyside Project 3-65 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 3-54 

HP Resources Canada Ltd. Marguerite Lake IY Unit Experimental Test 3-60 
Wolf Lake Project 3-67 
Wolf Lake Oxygen Project 3-67 

California Tar Sands Development Corp. California Tar Sands Development Project 3-47 

Canada Centre For Mineral & Energy CANME1' Hydrocracking Process 3-55 
Technology 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-58 
PCW Project 3-61 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-53 
Hanging Stone Project 3.59 

Canadian Reserve Oil & Gas Ltd. Eyehill In Situ Steam Project 3-58 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 3-56 
Muriel Lake Project 3-61 

Canterra Energy Ltd. Athabasca In Situ Pilot Project 3-54 
Meota Steam Drive Project 3-60 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 3-55 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Pilot 3-54 

Conoco Inc. Conoco South Texas Tar SAnds Project 3-64 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 3-50 

Devran Petroleum Ltd. Sarnia-London Road Field Mining Assisted Project 3-51 

Dome Petroleum Canada Ltd. Lindbergh Commercial Project 3-49 
Lindbergh Thermal Project 3-60 
Morgan Combination Thermal Drive Project 3-61 
Primrose Lake Commercial Project 3-51 
South Kinsella (Kinsella B) 3-64 

Enercor Cedar Camp Tar Sand Project 3-55 
PR Spring Project 3-62
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Enpex Corporation Enpex Syntaro Project 3-57 

Esso Resources Canada Ltd. Cold Lake Project 3-48 
Esso Cold Lake Pilot Projects 3-57 
PCEJ Project 3-61 
Syncrude Canada Ltd. 3-53 
Hanging Stone Project 3-59 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-63 

Getty Oil Company Enpex Syntaro Project 3-57 

GNC Tar Sands Corporation Sunnyside Project 3-65 

Greenwich Oil Corporation Forest Hill Project 349 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-56 
Pelican-Wabasca Project 3-62 
Sandalta 3-64 
Syncrude Canada Ltd. 3-53 

HI3OG Oil Sands Partnership Syncrude Canada Ltd. 3-53 

Home Oil Company Sandalta 3-64 

Husky Oil, Ltd. Bi-Provincial Project Upgrader Facility 3-47 
Tucker Lake Pilot Project 3-66 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-63 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-61 
Hanging Stone Project 3-59 

Kenoco Corporation Kenoco Project 3-59 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-56 
Tar Sand Triangle 3-65 

L'Association pour la Valorization Donor Refined Bitumen Process 3-56 
des Huila Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-54 
Celtic Heavy Oil Wet Combustion 3-55 
Cold Lake Steam Stimulation Program 3-56 
Fosterton N.W. In Situ Wet Combustion 3-58 
Iron River 3-59 
Sandalta 3-64 

Mono Power Cedar Camp Tar Sand Project 3-55 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-58 
Lindbergh Commercial Thermal Recovery Project 3-50 
Lindbergh Steam Project 3-60 

NewGrade Energy Inc. NewCrade Heavy Oil Upgrader 3-50 

Norcen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-62 

Ontario Energy Resources Ltd. Suncor, Inc. 3-52 

ORS Corporation Electromagnetic Well Stimulation Process 3-57 

PanCanadian Petroleum Frog Lake Project 3-49 
South Kinsella (Kinsella B) 3-64 
Syncrude Canada Ltd. 3-53
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Partec Lavalin Inc CANMET Hydrocracking Process 3-55 

Petro-Canada CANMET Hydrocracking Process 3-55 
Daphne Project 348 
OLISP Project 3-58 
Hanging Stone Project 3-59 
Marguerite Lake 13 Unit 3-60 
PCEJ Project 3-61 
South Kinsella (Kinsella B) 3-64 
Syncrude Canada Ltd. 3-53 
Wolf Lake Project 3-53 

Research Association for RAPAD Bitumen Upgrading Project 3-63 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-63 

Saskatchewan Government NewGrade Heavy Oil Upgrader 3-50 

Saskatchewan Oil and Gas Corporation Meota Steam Drive Project 3-60 

Shell Canada Resources, Ltd. Athabasca Project 3-47 
Peace River Commercial Expansion 3-50 
Peace River In Situ Pilot Project 3-61 
Sarnia-London Road Field Mining Assisted Project 3-51 
Scottford Synthetic Crude Refinery 3-52 

Shell Explorer, Ltd. Peace River In Situ Pilot Project 3-61 

Solv-Ex Corporation Athabasca Project 3-47 
PR Spring Project 3-62 

Southworth, Ray M. Enpex Syntaro Project 3-57 

Suncor, Inc. Fort Kent Thermal Project 3-58 
Succor 3-52 

Sun Oil Company Suncor, Inc. 3-52 

Superior Oil Company Enpex Syntaro Project 3-57 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-54 

Texaco Canada Resources Ltd. Texaco Athabasca Pilot 3-66 

Texaco Inc. Diatomaceous Earth Project 3-48 

Texas Tar Sands, Ltd. Enpex Syntaro Project 3-57 

Total Petroleum Canada, Ltd. Meota Steam Drive Project 3-60 

Triad Engineering Services Ltd. PR Spring Project 3-62 

Uentech Corporation Electromagnetic Well Stimulation Process 3-57 

Underwood McLellan & Associates Taciuk Processor Pilot 3-65 
(UMA Group) 

Unocal Canada Grosmont Thermal Recovery Project 3-59 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-67 

Western Tar Sands, Inc. Ultra Sonic Wave Extraction 3-66 

Whittier, M. H. Enpex Syntaro Project 3-57 

Worldwide Energy Fort Kent Thermal Project 3-58
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PROJECT ACTIVITIES 

FERC APPLICATIONS INCLUDE COAL GASIFICA-
TION PROJECTS 

A large number of companies have been filing ap-
plications with the Federal Energy Regulatory Com-
mission to build small power production or cogenera-
tion facilities. Several of these would involve the 
construction of coal gasification plants. Included are 
the following: 

Howell Energy Aociates of Cohasset, Massachusetts, 
a 140-megawatt cogeneration facility in Howell, New 
Jersey.	 The facility will have a coal gasification 
plant	 and	 testing	 laboratory	 with	 eight	 to
14 Weilman-Galusha gasifiers. Coal and natural gas 
will be the primary energy sources. In addition to 
the gasification plant, the facility will have a General 
Electric gas turbine generator, a waste heat boiler 
and a large steam turbine generator. Steam will be 
used by Arnold Steel Company to provide heating and 
cooling for the facility and for treating and cleaning 
fabricated steel. 

Fredricksburg Energy Associates of Cohasset, Mas-
sachusetts, for a 300-megawatt cogeneration facility 
in Fredricksburg, Virginia. The facility will have a 
coal gasification plant and testing laboratory with 16 
to 28 Wellman-Galusha gasifiers. The primary energy 
sources will be coal and natural gas. 

Western Power Company of Boise, Idaho, for a 
qualifying facility near White Pines, Nevada. The 
facility will process coal into liquids and a waste 
product. The waste product will be fed Into a boiler 
to produce steam to drive a turbine. Power will be 
sold under a long-term sales agreement with an un-
determined California utility. The 200-megawatt 
facility is expected to be completed and on line by 
late 1991. 

Western Forest Power Corporation of San Francisco 
for a small power production facility in Soledad, 
California. The primary fuel will be a combination of 
forestry residues, agricultural wastes, plantation fuel 
wood and urban waste wood. The first phase will use 
an atmospheric fluidized-bed gasifier, where a low 
calorific flue gas will form. The second and third 
phases of the project will use some natural gas. 
About 12 megawatts of power will be sold to Pacific 
Gas & Electric Company. 

KILNGAS SHUTS DOWN, ILLINOIS DROPS FUNDING 

After concluding a successful run in the fourth 
quarter of 1986, the KILnGAS gasifier at East Alton, 
Illinois has been idled for a scheduled shutdown to al-
low Allis-Chalmers to evaluate its performance. 
Preliminary analysis of the test results are said to be 
encouraging in that all key objectives were met.

Carbon conversion efficiency in the 95 percent range 
was demonstrated. 

Current plans are to restart the operation in 1988. 
That decision will be made on the basin of the en-
gineering analysis to be carried out this year, and on 
the availability of funding. Early this year the State 
of Illinois announced that it would no longer help fund 
the project.	 Total state funding to date has been 
$35.8 million over seven years. Other sponsors of 
the project have included several electric utilities, the 
Electric Power Research Institute and the United 
States Department of Energy.	 Allis-Chalmers hopes 
to find a new sponsor to replace the State of Illinois. 

The 60-megawatt KILnGAS plant burns 600 tons of 
coal per day, which is probably too small for com-
mercial applications. Allis-Chalmer's goal is to col-
lect enough data from plant operations to be able to 
design a 200- to 400-megawatt commercial plant that 
would burn 2,000 to 4,000 tons of coal per day. 

GREAT PLAINS REDUCES PROJECTED OPERATING 
AND CAPITAL COSTS 

The Great Plains coal gasification plant has made 
dramatic reductions in its cash operating costs since 
plant startup in 1984. Even further improvements are 
possible according to R. Boulanger, president of ANG 
Coal Gasification Company. In accepting the Walter 
Flowers Award at the Alternate Energy '87 sym-
posium, he presented an overview of the project's 
progress to date. 

Figure 1 shows the much-better-than-expected produc-
tion history of the plant. Output has been consis-
tently well above the original design goal of 
125 million standard cubic feet per day (scfd). 
Production has been pushed to as high as 156 million 
scfd for short periods of time. Sustained operation 
between 137.5 and 145 million scfd is considered 
feasible now. 

In addition to Increasing output, ANG Coal Gasifica-
tion has significantly reduced operating costs. In 
1985, faced with declining product prices and lack of 
support from the United States Synthetic Fuels Cor-
poration, the original project sponsors withdrew from 
the project. While that relieved the project of debt 
and interest payments, cash flow was still negative, 
and it appeared certain that the Department of 
Energy would shut down the plant. ANG therefore 
reduced employment from 1,350 to 980, and found 
new innovative ways to keep the plant running with 
the lower number of employees. Some 350 employee 
suggestions were made which resulted in a 
$2.5 million savings. The overall result was a reduc-
tion in total operating cost from $206 million to 
$117 million per year. 
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The reduction in operating cost combined with the in-
creased production rate dropped the unit production 
cost from $5.50 to $3.25 per million BTU (Figure 2). 
This made it possible to keep the doors open, because 
Great Plains has been receiving about $3.50 for the 
gas. Boulanger believes that by marketing some of 
the liquid by-products instead of burning them, by 
further debottlenecking to achieve 160 million scfd, 
and by making other identified potential cost savings, 
the operating cost can be reduced to $2.50 by the 
early 1990's (Figure 2). 

FIGURE 2 

GREAT PLAINS
OPERATING COST 

$6.00	 .	 / 

$5.005.55 1 

5.32 -	 ... 
A 

tE	 ME, 

TI NO 

1981	 JULY	 NEAR	 COST 
PROJ. 1985	 1986	 TERM TARGET

Projected capital cost improvements are not as 
dramatic, but enough has been learned to know that 
another Great Plains plant could be built at con-
siderably lower cost.	 An incremental expansion of 
the existing plant would cost even less	 both In 
capital and in operating cost. New technology such 
as sulfur resistant catalysts and fluidized bed gasifiers 
would reduce capital costs even further for a new 
plant. The realistic potential appears as in Figure 3. 

FIGURE 3 
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Combining the gains in both operating and capital 
costs yields the impressive results shown in Figure 4. 
Starting from the planned $14.50 per million BTU in 
1981, it appears that $7.00 is clearly achievable. The 
speculative potential for an expansion to Great Plains 
might be as low as $4.00 or $5.00 
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CORPORATIONS 

CERCHAR OBSERVES 40TH ANNIVERSARY WITH 
NEW DIRECTIONS 

The year 1987 marks the 40th anniversary of the 
founding of the Centre de'Etudes et Itecherches de 
Charbonnages de France (CERCHAIt). In its 1987 an-
nual report CERCHAR observes that in the space of 
a few years, the world fuel situation has undergone 
profound changes. France is in an unique position. 
Though it had banked on three alternative sources of 
energy (nuclear, gas and coal), the successful nuclear 
program and the deliveries of natural gas following 
recent contracts signed with Algeria and the U.S.S.R. 
have made the penetration of coal both more difficult 
and more restricted than foreseen. 

Thus as early as 1984, Charbonnages do France had to 
adapt its activities to the market. This restructuring, 
designed for greater efficiency, will lead to a 
decrease of the company's activity in the coming 
years. Three basic directions for activity have been 
adopted as follows. 

Mining Techniques for Applications Abroad 

CERCHAR uses the back-up assistance of two 
companies: CdF International and a new firm }ITM 
(High Technology Mine and Industry). The wish to 
develop activities abroad has led to establishing con-
tracts with laboratories and firms in major coal 
producing countries. In 1983, n cooperation agree-
ment was signed with the Central Coal Mining Re-
search Institute (CCM 11) of Beijing and in 1985 
another agreement was reached with the Australian 
Coal Research Laboratories Ltd. (ACIRL). More 
agreements are being negotiated with India, the 
United States and European constructors. 

Efforts are being concentrated on geo-technics, the 
monitoring of atmospheres and especially on micro-
electronic and computer-aided mining operations. The 
first longwall remote-control system is being used in 
the Lorraine coalfields. Since early 1987, the 
Provence coalfields have a completely automated sys-
tem for monitoring the atmosphere in mines and for 
managing underground and surface production. The 
basic element of this system is an intrinsically safe 
programmable robot which has now been completed. 

Stress French Safety and Industrial Hygiene 

In the next few years, mining will continue to decline 
in France. But, at the same time, there is growing 
concern in industry for worker's health and safety. 
CERCHAR will pursue the policy of putting some of 
its trained staff dealing with mining problems to work 
on industrial health and safety. The know-how ac-
quired by these in the area of fires, explosions and 
explosives is being extended to risk analysis. 
CERCHAR can also analyze a large number of pollu-
tion related problems which are sometimes controver-
sial in nature.

Maintain Activity in Coal Utilization Techniques 

France's particular energy situation has not weakened 
CdF's efforts to promote coal in the industrial and 
tertiary sectors. For six years, CERCHAR, has been 
maintaining this effort with extensive programs on 
traveling grate fluidized bed and pulverized coal com-
bustion, on coal handling and preparation as well as 
smoke dedusting techniques. 

The coal testing station at Mazingarbe, whose 
facilities are unique in the world, provides the means 
to conduct an active research and development 
program in the field of coal utilization techniques. 

CERCHAR also relies on the "Centre de Pyrolysis de 
Marienau", an Economic Interest Grouping, formed by 
IRSID, (Research Institute of the French Iron and 
Steel Industry), HBL (Collieries of Lorraine), CalF 
Chimie and CEI1CHAR. Being the technical centre of 
the coking industry, its activities extend to processes 
which use coal directly or after transformation, for 
purposes other than energy production. 

CERCHAR's programs are concentrating on areas 
which can have rapid commercial applications; a dif-
ficult task in changing economic circumstances. 
These include: upgrading slurries, improvements in 
techniques of pulverized coal utilization in small 
units, the completion of medium sized fluidized bed 
boilers including the desulfurization process and im-
provement in pyrolysis technique in a revolving oven, 
to name a few. 

On the other hand, while CERCUAR remains licensee 
of the U-Gas process, they have decided to suspend 
the long term program involving the construction of 
an industrial pilot plant for gasification under pressure 
using this process. The excellent results obtained at 
Cool Water in California lead them to believe that in 
the long run this will prove to be the best solution 
for producing electricity from coal. 

All these efforts call for a considerable financial ef-
fort on CdF's part, since the aid from various French 
and European sources has declined sharply. At the 
national level, the prolonged absence of new invest-
ment in coal-fired electricity production techniques 
would, ultimately, threaten the competitiveness of 
French manufacturers. Thus, C ElI CHAR believes that 
French industry must invest more, whether it is for 
traditional pulverized coal techniques or for develop-
ing technologies like circulating fluidized bed or 
gasification techniques, if it is to expend its position 
in export markets. 

Facilities 

CERCHAR employs about 600 persons, 150 of them 
are engineering graduates. 

Its head office is at Rueil-Malmaison (in the suburb 
of Paris) at CalF's head office. The main estab-
lishment at Verneullen-ilalatte, 50 kilometers north of 
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Paris, stretches over 50 hectares, where research on 
mining techniques, safety in mines and industry as 
well as chemistry are carded out. Other facilities 
include the coal testing station at M azingarbe in 
Northern France for studying coal utilization 
techniques; and the Laboratoire de Mecanique des 
Terrains (laboratory for rock mechanics) based at the 
Ecole des Mines et de Metallurgic (Nancy, in Eastern 
France). 

IRSID, CdF Chimie and the IIBL are partners of 
CERCI(AR in the Centre de Pyrolyse de Marienau 
(Eastern France), an Economic Interest Grouping 
whose activity is focused on coking research, and on 
studying other pyrolysis techniques as well as on 
utilization of coal by-products. 

At Mazingarbe, work Is carried out on fluidized bed 
combustion.	 An industrial six megawatt (thermal) 
pilot plant is available. The French Institute of 
Petroleum (IFP) and Lardet Babcock Company have 
been associated with CERCHAR's work. As a result, 
prototypes and industrial installations equipped with a 
fluidized grate, known as a pyramid grate, are now in 
operation. CERCHAR intends to market this technol-
ogy in the world, especially in The United States and 
in the main coal producing countries. 

A 12 ton per hour ash agglomerating fluidized bed is 
used to test a sophisticated Ignifluid boiler. This 
boiler will be more efficient in protecting the en-
vironment, and in using a variety of fuels including 
special ones or various residues. 

Gasification continues to be one of CERCHAR's long 
terra projects. It was started in 1982 with the inten-
tion of building an industrial pilot based on the U-Gas 
process. The final objective Is to couple gasification 
to combined cycle power plants. This would comply 
with pollution control standards while maintaining at 
least the same efficiency as that of a classical power 
plant. 

Even though the project was suspended for financial 
reasons, technological research continues. This is tes-
tified by the fact that CERCHAR acquired a high 
temperature and a high pressure (1,100 0 C, 70 bars) 
thermobalanee to assess coal reactivity under condi-
tions close to the industrial scale. CERCHAR intends 
to use this equipment and the results of its assess-
ment program to improve its gasification expertise 
which is already being made available to others. 

GILBERT SEES SHIFT TO FLUIDIZED REDS 

Gilbert Associates says in its 1986 Annual Report that 
a sweeping reshaping of the power plant market, 
dating to the late 1970s, has impacted 
Gilbert/Commonwealth and the way it does business. 
New power plant design work - at least domestically 
-- remains virtually nonexistent. The result has been 
a	 steadily	 declining	 workload	 for
Gilbert/Commonwealth.

However, new and emerging energy technologies were 
central to a variety of assignments. 
Gilbert/Commonwealth was one of four companies 
chosen by the United States Department of Energy to 
develop an advanced, non-polluting, coal-based power 
system. As team architect/engineer for the pres-
surized fluidized bed (PFB) combustion project, 
Gilbert/Commonwealth should further strengthen Its 
leadership position In PFB combined cycles. 

Advanced technology work included evaluating near-
term commercial coal gasification combined cycle 
technology; that experience enhances the company's 
capability to recommend and implement "next-
generation" capacity additions. Other efforts underlie 
plans to retrofit a power station with what would be 
the largest fluidized bed in the country. Still other 
work centered on such technologies as coal-water 
slurries, and large-scale gas turbines. 

NACCO AND BASIN ELECTRIC NOTE IMPORTANCE 
OF GREAT PLAINS PLANT 

NACCO Industries (formerly North American Coal 
Company), in its 1986 Annual Report, reported that 
the company's surface and underground coal mining 
operations set new records in shipments, improved 
productivity, and reduced mining costs during the 
year. Its subsidiary, the Coteau Properties Company's 
Freedom Mine shipped 9.5 million tons of lignite, a 
new record for any North American Coal Company 
mine. As well as serving two generating units for 
Basin Electric Power Cooperative, the Freedom Mine 
is the supplier to the Great Plains Gasification 
Project. 

Basin Electric Power Cooperative, in its Annual 
Report, noted that initially when the Great Plains 
consortium dropped out of the project, the Depart-
ment of Energy had taken the position that the plant 
should be shut down immediately. 

Had the plant closed, annual revenue losses to Basin 
Electric would have amounted to about $22 million in 
1906, $50 million in 1987, and a slowly decreasing 
amount in subsequent years, meaning sizeable rate in-
creases to member systems and their consumers. 

Strong support from Basin Electric's member systems, 
statewide associations and other affiliates in combina-
tion with support from elected representatives and 
governmental officials, was instrumental in the effort 
to persuade the government to keep the plant running. 

#0* 
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As was anticipated, Sasol Three being the least diver-
sified, was less able to absorb the lower fuel prices. 
Sasol Three's profit before tax fell from 
R331.7 million to R104.4 million. 

SASOL REPORTS PROFIT DESPITE SHARP DROP IN 
PRICES 

Sasol, Limited's results for the last six months of 
1986 show a profit of R209 million despite the fact 
that, as predicted in the last annual report, the rand 
prices of Sasol fuel products decreased considerably. 
The average rand prices of Sasol's main petroleum 
products during the half year under review were 
40 percent lower than that applicable to the com-
parable period of the previous year.

The producer rand prices of petroleum products during 
March 1987 are slightly higher than the average ap-
plicable to the first six months of the financial year. 
The recent Improvement in these rand prices of 
petroleum products will, however, not significantly 
Improve the lower average prices for the current 
financial year. 

However, as indicated last year, several precautionary 
measures were taken to cushion the impact of the 
falling prices. The repayment of loans at the begin-
sing of the current financial year resulted in a sub-
stantial reduction in the interest burden. Production 
at all plants has been consistently in line with expec-
tations and production at Secunda continued to exceed 
design capacity. The retained income at Sasol Three 
was partially utilized.

The precautionary measures taken during previous 
financial years are expected, to a reasonable degree, 
to protect the current year's results against the ef-
feet of lower prices. 
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GOVERNMENT 

DOE ANNOUNCES AWARDS TO SMALL BUSINESSES 
FOR COAL CONVERSION AND UTILIZATION 

The United States Department of Energy has selected 
113 proposals from small, high-technology firms in 26 
states for funding under its Small Business Innovation 
Research program. 

The proposals were chosen on the basis of technical 
merit from 942 submitted in 28 technical, energy-
related research topics ranging from chemical sciences 
research to solar thermal technology. The contracts, 
which will average $50,000 for about six months, were 
to be awarded by mid-May, subject to determination 
that the proposed projects have not been funded by 
another federal agency. 

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

Seven of the 113 awards were in the area of coal 
conversion and utilization. These projects are: 

- ElectroChern Inc., Woburn, Massachusetts, for 
copper-based sorbents for hot gas cleanup, and 
for operation of phosphoric acid fuel cells on 
coal gases 

- Energy and Minerals Research Co., Exton, 
Pennsylvania, for coal conversion in low tem-
perature molten salts 

- GINER Inc., Waltham, Massachusetts, for a 
novel moderate temperature fuel cell 

- ESE Inc., Amherst, Massachusetts, for a low 
pressure drop gas phase alkali metal scavenger 

- Spire Corp., Bedford, Massachusetts, for 
monitoring erosion in coal combustion engines 
using surface layer activation 

- Technor Inc., Livermore, California, for ap-
plication of RAPRENOX to reduce NO x from 
coal-fired combustors. 

DOE PICKS FIRMS FOR MHD DEVELOPMENT 

After attempts in the past to eliminate the program, 
the United States Department of Energy has taken 
steps to implement a June 1984 government-industry 
plan to develop a magnetohydrodynamic (MUD) power 
generating system. The department, through its Pit-
tsburgh Energy Technology Center, selected five firms

to negotiate contracts that could be worth up to 
$10 million in federal funds over the next four years. 

Two of	 the	 firms	 will	 design	 an MUD	 system that 
could be installed onto an existing, commercial coal-
fired power station.	 Three other organizations will 
carry out	 research on	 ways to regenerate the seed 
chemicals used in the MHD process.

In an MUD power plant, hot, electrically-conductive 
gases -- up to 5,000 degrees fahrenheit - move 
through an intense magnetic field to generate 
electricity directly. Gases exiting the first part of 
an Mill) system remain hot enough to produce steam 
which spins a conventional electric generator, creating 
additional electricity in the system's second cycle. 

The two firms selected for the design studies are 
Westinghouse Electric Corporation and MUD Develop-
ment Corporation of Butte, Montana. Westinghouse 
will base its design on the Scholz Power Plant in 
Snends, Florida, while Mill) Development Corporation 
will use Montana Power Company's Corette Plant in 
Billings, Montana. While neither project entails actual 
construction, the conceptual designs are intended to 
guide component development activities to ensure that 
components are designed properly for eventual scaleup 
to commercial size. 

Westinghouse envisions an Mill) power system con-
structed in a separate "free-standing" unit alongside 
the existing plant. The hot gases, after leaving the 
MUD system, would be fed into the steam boiler of 
the existing facility. The systems design could be 
adjusted for varying boiler designs at different plants. 

MUD Development's concept would integrate the MUD 
power system into the power plant itself. The firm 
will also design a way of using a novel cooling fluid 
that prevents copper from the MUD channel from 
plating the boiler tubes. 

The three firms selected for the chemical regenera-
tion studies are Babcock & Wilcox, the University of 
Tennessee Space Institute (UTSI), and TRW Inc. The 
chemical is a potassium compound used to seed the 
hot MUD gases to increase their electrical conduc-
tivity. Seeding not only increases the system's 
electrical output but also reacts with sulfur in the 
hot gases to remove most of the sulfur pollutants. 
The potassium seed is relatively expensive and must 
be recovered from the gases, cleaned and reused. 

Babcock & Wilcox proposes to test a method that 
combines the recovered seed with fresh coal in a 
more conventional combustor, then reacts the product 
with carbon dioxide in the resulting flue gas. 	 The 
two-step	 chemical process	 produces a clean,
rejuvenated potassium compound that could be fed 
back into the MUD system.	 Sulfur would be
recovered in n dry form that could be sold. 

UTSI will react the spent seed with calcium 
hydroxide, forming potassium formate and a useable 
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by-product, calcium sulfate. Heating the potassium 
formate In air would regenerate the original potassium 
seed.

The project is expected to cost $167.6 million with 
the governments share being $60.2 million. Construc-
tion will begin by the end of 1987 with a three year 
operating phase starting in early 1990. 

TRW proposes to develop its "Econoseed Process", an 
approach which also relies on the creation of a for-
mate chemical. The TRW approach differs from the 
UTSI concept in several of the chemical steps. 

Once contracts are awarded, the three firms will con-
duct their seed regeneration work in two phases. 
During the year-long first phase, they will test the 
technical and economic feasibility of the approaches. 
Then, based on the results, the Energy Department 
may chose one of the firms to build and operate a 
"proof-of-concept" seed regeneration plant. 

The Energy Department selected the five firms fol-
lowing congressional direction last year to continue 
MUD funding. The department is adhering to a plan 
submitted to Congress in June 1984 that set out a 
multi-year development path to prove MilD's technical 
feasibility. As called for in the 1984 plan, the 
department will soon select companies for scale-up 
and long-duration testing of the two key portions of 
the MUD power system. 

FIRST THREE CLEAN COAL PROJECTS UNDER 
WAY 

Agreements for the first three joint government-
industry clean coal technology demonstration projects 
have been consummated. 

The Department of Energy's Morgantown, West Vir-
ginia Energy Technology Center has signed a coopera-
tive agreement with American Electric Power Service 
Corporation (AEP), of Columbus, Ohio. Simul-
taneously, at the Pittsburgh Energy Technology Cen-
ter, a similar agreement was signed with Coal Tech 
Corporation of Merion, Pennsylvania. The third 
agreement was signed with Babcock & Wilcox Cor-
poration of Alliance, Ohio. 

The projects are the first of nine to complete nego-
tiations with the Energy Department in the agency's 
initial round of clean coal competition. 

The initial round of competition was authorized by 
Congress in December 1985. In July 1986, the Energy 
Department selected AEP, Coal Tech, and Babcock & 
Wilcox along with the six other projects, from 51 
proposals. Negotiations began early last fall. 

AEP, through its subsidiary, Ohio Power Company, 
will undertake a project at the currently idle Tidd 
Facility on the Ohio River near Brilliant, Ohio. The 
project involves installing a pressurized fluidized bed 
combustion unit, with the capability to remove 90 to 
95 percent of sulfur dioxide from coal combustion 
gases before they leave the boiler. The technology is 
also expected to increase the plants power output and 
reduce nitrogen emissions.

The Coal Tech project will be located at the Keeler 
Boiler Manufacturing Company plant In Williamsport, 
Pennsylvania.	 The firm will replace a standard oil 
burner with a newly-designed coal combustor. The 
innovative combustor will be attached to the outside 
of a boiler and is designed to remove ash and other 
impurities before they can build up in the boiler. 
Sulfur will be captured inside the combustor, and 
nitrogen oxides will be reduced also. 

Total cost of Coal Tech's 25-month project is es-
timated at $785,984 of which 50 percent will be paid 
by the Energy Department. Other co-funders in the 
Coal Tech project are the State of Pennsylvania 
Energy Authority ($200,000), Pennsylvania Power and 
Light (test coals) and Reeler Boiler (use of site and 
boiler). 

Babcock & Wilcox's demonstration project will be con-
ducted on a commercial-scale, 105 megawatt, coal-
fired boiler. For the last several months, engineers 
have been designing and installing the LIMB 
(Limestone Injection Multistage Burner) portion of the 
test program using funding from the Environmental 
Protection Agency (EPA). Beginning in November, an 
EPA-sponsored test will be run using one coal and 
sorbent combination. Funding from the Clean Coal 
Technology program will then be used to extend the 
tests using three additional coals and four additional 
sorbents. 

The Clean Coal effort will also add a new Coolnide 
sorbent injection system to the commercial-scale 
facility. Until now, the Coolside process has been 
tested only at the 0.1-megawatt and 1-megawatt 
scale. 

The Coolside tests will begin in October 1988, and 
will last four months. The Clean Coal LIMB testing 
is scheduled to begin in February, 1989, and will last 
14 months. The 43-month project is expected to be 
completed in December, 1990. 

The project is expected to cost $19.4 million, not in-
cluding the EPA-funded portion. The Energy Depart-
ment will provide $7.6 million, the State of Ohio will 
provide $7.2 million, Babcock & Wilcox will contribute 
$3.4 million, and the Consolidation Coal Company 
(Consol) will fund $1.2 million. Ohio Edison will 
provide the use of its Edgewater facility as the host 
site. 

The Department of Energy anticipates completing all 
remaining negotiations by early summer. 

# * # # 
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GOVERNMENT SELECTS BROKER TO SELL GREAT 
PLAINS PLANT 

The United States Department of Energy has hired 
Shearson Lehman Bros. to help sell the Great Plains 
coal gasification plant. The Department of Energy 
acquired the $2.1 billion plant in 1905 when sponsors 
defaulted on $1.5 billion in federal loans. The New 
York securities firm will receive as Its fee 
$100,000 per quarter for as long as 1.5 years or, if a 
sale is made within that time, a share of the sale 
price less quarterly payments.	 The percentage was
not disclosed. 

The Department of Energy chose the company from 
seven that submitted proposals last December. Shear-
son received the highest rating of the proposals sub-
mitted from a five-member board which rated the 
companies on understanding of the tasks involved, ex-
perience in similar projects, personnel qualifications, 
and the organization and resources proposed for the 
project.

U 444 

WYOMING ALLOCATES $30 MILLION FOR COAL 
PROJECTS 

The Wyoming legislature has established a $30 million 
loan program for clean-coal and coal-enhancement 
projects. The program provides for the appointment 
of a seven-member Investment Fund Committee that 
will process loan applications. L. Meyer, president of 
Carbon Fuels says his company plans to apply for a 
grant of a least $10 million and to begin construction 
this summer. The proposed Carbon Fuels project at 
the Pacific Power and Light power plant involves 
retrofitting the boiler of a 100-megawatt generating 
unit to burn the slurry produced by a char processing 
plant to be built adjacent to the generating station. 

#444 

DOE FUNDS DEEP CLEANING TECHNOLOGIES 

The United States Department of Energy has selected 
six organizations to carry out research and develop-
ment on 'deep cleaning" of coal. Deep cleaning 
refers to techniques that remove much more of coal's 
sulfur and mineral matter than currently used coal 
cleaning methods. A total of $3 million is budgeted 
for the multi-year program. 	 The six organizations
are: 

Atlantic Research Corporation, Alexandria, Vir-
ginia 

Ohio State University, Columbus, Ohio 

United Coal Company, Bristol, Virginia 

C oaL iquid, Inc., Louisville, Kentucky

Arthur D. Little, Inc., Cambridge, Massachusetts 

OptiChem Technologies, Inc., Raleigh, North 
Carolina 

The six were selected by the department's Pittsburgh 
Energy Technology Center from 33 proposers. Con-
tract negotiations began about April 1, and the first 
federal funds are expected to be awarded by early 
summer. 

The organizations submitted proposals in one of two 
categories: 

1. Pretreatment of coal in which chemicals as-
sist in removing coal's organic sulfur 

2. Preconditioning approaches which increase the 
effectiveness of cleaning techniques that rely 
on the physical differences between coal and 
its mineral impurities 

Several of the organizations will also examine ways to 
clean coal chars. Chars result when coal is mildly 
heated to drive off the more volatile materials to be 
recovered as liquid fuels. The residual char can also 
be used as a fuel, but since it contains most of the 
original impurities, it may have to be cleaned before 
use. 

In the pretreatment category, Atlantic Research will 
use catalysts to assist chemical reactions that remove 
organic sulfur from both coal and char. By carrying 
out the cleaning process at a relatively low tempera-
ture (less than 400 0 F) and at atmospheric pressure, 
researchers hope to develop a process that leaves the 
coal or char physically unaltered. 

Ohio State will explore a technique to extract organic 
sulfur using supercritical carbon dioxide. Under su-
percritical conditions, the CO  can dissolve a highly 
reactive chemical such as cupric chloride which, in 
turn, can chemically convert coal's organic sulfur into 
a more easily removable form. 

United Coal would first treat raw coal with a small 
amount of chlorine or fluorine gas while mildly heat-
ing it. This step would remove znueh of the organic 
sulfur. The char would then be heated to a much 
higher temperature (2,200-3,300 0 F) and treated again 
with chlorine or fluorine. At the higher tempera-
tures, the mineral matter and pyritic sulfur would be 
removed. 

In the preconditioning category, CoaLiquid, Inc. 
proposes to use high-frequency soundwaves to improve 
the effectiveness of froth flotation. 

Arthur D. Little will study a way to enhance the 
separation of mineral matter using electric charges. 
The firm proposes to use special additives to improve 
a technique known as triboelectric charging. 
Triboelectric charging uses friction to generate posi-
tive charges on coal and negative charges on mineral 
matter.	 Unlike many cleaning techniques,	 the
A. D. Little concept does not use water or aqueous 
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chemicals, therefore there Is no need to dry the coal 
after It Is processed. 

OptiChem concept would modify the surface 
properties of finely-ground coal particles to lessen the 
attraction between the mineral and organic matter in 
coal, making them easier to separate. 

PRESIDENT CALLS FOR ADDITIONAL $2.5 BILLION 
IN CLEAN COAL FUNDS 

The White House announced that President Reagan 
will request from the Congress an additional 
$2.5 billion for the Clean Coal Technology Program to 
be appropriated over the next five fiscal years. 

The proposal is in line with the funding level proposed 
in the joint United States-Canadian report that called 
for a $5 billion research and demonstration program 
to reduce acid rain. The announcement calls for 
private industry to match the $2.5 billion in federal 
funding.

The Department of Energy's revised fiscal 1988 budget 
request to the Congress asks for additional appropria-
tions of $500 million for each of the next two years. 
Overall the program will entail equal appropriations 
for the next five fiscal years. 

The President also announced that the Secretary of 
Energy will establish an advisory panel of state, 
federal and Canadian officials to advise the Secretary 
on clean coal project selection. The powers of the 
panel have not been specified. 
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ECONOMICS 

ESTIMATED COST OF LIQUIDS FROM COAL 
DROPPED BY 60 PERCENT AT WILSONVILLE 

Interest in direct coal liquefaction steadily decreased 
during the 1980's as the price of crude oil dropped. 
It has declined to the point that there Is now only 
one integrated coal liquefaction pilot plant active 
full-time in the United States, the six ton per day 
facility in Wilsonville, Alabama. A key factor behind 
this indifference has been the economics derived early 
in the decade that estimated the price of transporta-
tion fuels from coal at $80 per barrel or higher. 
However, R. E. Lumpkin of Amoco Corporation, 
speaking at the Alternate Energy 37 conference in 
San Francisco, stated that there has been a dramatic 
improvement in the technology since 1983, and the 
impact of that Improvement has not been widely ap-
preciated. 

Recently, Amoco had new designs and cost estimates 
prepared based on the improved technology. The 
results show a 60 percent decrease in the cost of liq-
ad fuels from coal, down to an equivalent of $35 per 
barrel for crude oil. This improvement demonstrates 
the effectiveness of a steady, long-term research ef-
fort.	 however, the cost is still not low enough to 
justify immediate commercialization. Additional im-
provements have been identified that could make 
direct liquefaction an attractive source of alternative 
fuels if research continues. Lumphin noted that fund-
ing for even a minimum level of research is in jeop-
ardy and needs to be secured. 

11-Coal Development 

Like many oil companies, Amoco gave increased at-
tention to alternate fuels after 1973. Amoco became 
a sponsor of the il-Coal project in the mid-1970's. 
The heart of the il-Coal Process was the ebullated 
catalyst bed reactor. 

A 3.5 tons per day process development unit (flU) 
was constructed at H RI's Trenton laboratories. 
Success in this plant led the sponsors to build a large 
pilot plant, or semiworks, at Catlettsburg, Kentucky. 
This plant had a nominal capacity of 250 tons per 
day, and ran from May, 1979 through January, 1983. 

The il-Coal Project had some problems, but it was a 
technical success. Had oil prices continued to rise, a 
commercial project would have been the next step. 
Although il-Coal economics were not attractive, 
Amoco round two developments promising for reducing 
costs. First, it had been shown that subbituminous 
coals could give conversions nearly as high as those 
for more expensive bituminous coals under the right 
conditions. The key here was a new catalyst with a 
bimodal pore structure. 

Second, Wilsonville and several of the other smaller 
units then in operation were proving that lower 
hydrogen consumption was possible by using two reac-
tors in series. This was important because hydrogen

is one of the largest costs for converting coal into 
liquid fuels. 

Wilsonville 

In 1972, Southern Company and Edison Electric In-
stitute began construction of a pilot plant to test a 
process for the production of a clean boiler fuel from 
coal. The plant was sited in Wilsonville, Alabama. 
When the Electric Power Research Institute (EPlil) 
was formed in 1973, it took over the role of Edison. 
The government became a major sponsor in 1976, first 
under Energy Research and Development Administra-
tion, then the Department of Energy (DOE). 

The original process was a single stage dissolution of 
coal followed by a solid-liquid separation to give an 
upgraded fuel for boilers. The facility has gradually 
evolved into a highly versatile plant, currently con-
figured with two closely-coupled ebuliated bed reac-
tors in series, and a Kerr-McGee Critical Solvent 
Deashing unit, now called a ROSE-SR unit, to remove 
the minerals and unreacted coal from the liquid 
products. Nominal capacity is six tons per day of 
coal. 

Most of the funding at Wilsonville now comes from 
the DOE. Private sector funding is provided by EPhil, 
Southern, Stearns-Catalytic and A moco. Ap-
proximately $100 million has been spent on the 
project to date. 

Process Evolution 

Table 1 shows how direct coal liquefaction technology 
has evolved over the long run. The first column rep-
resents the early years, the mid-1930s in Germany; 
the second shows values from the mid-1940s at 
Biiihngham; the third, typical values for 11-Coal in 
1900; the fourth, Wilsonville data from early 1906. 
All data are for bituminous coals. 

The trend has clearly been toward milder operating 
conditions, that is, lower pressure and temperature. 
The conversion of coal has stayed constant for similar 
coals. However, the consumption of hydrogen fell be-
cause less hydrocarbon gases were produced at the in-
creasingly mild operating conditions. The yield of 
distillable liquids was roughly constant until recently, 
then began to increase. This increase in yield 
without major penalties in hydrogen usage or the need 
for more severe reaction conditions - is the key to the 
improvement in liquefaction economics. 

Figure 1 illustrates the progress in the quantity and 
quality of liquid products since 1983. Only the 
hydrocarbon products of the moisture- and ash-free 
feed are shown; the total yield is less than 
100 percent because yields of carbon oxides, water, 
ammonia and hydrogen sulfide are not included. All 
of the data shown are for Illinois No. 6 coal feed. 
The most desirable products are at the bottom of 
each bar: first, naphtha and distillate, then gas oil, 
resid, ash reject and at the top, hydrocarbon gases. 
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TABLE 1 

DIRECT (XML LIq.JEEACTIa4 PROCESS EVOLUTION 

1935 1945 1986 
I.G. Billing- 1980 Wilson-

Farben ham if-Coal yule 

Pressure, P51 10,000 3,000 3,000 2,800 
Maxinvm Tenp., O F 900 870 850 825 

Coal Conversion, % MAF -- 94 94 94 
Hydrogen Consunvtion, 96 MAF 14 8 6 5.6 

Yields, 96 MAF Coal Feed 
Hydrocarbon Gases 30 25 11 7 
Distillable Liquids 54 54 51 65 

FIGURE 1 
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The starting point is the Il-C oat product distribution. 
By 1985, Wilsonville had reduced the consumption of 
hydrogen by cutting the gas loss in half, and also 
made gas oil from some of the resid. The following 
year, extinction recycle of the resid was demonstrated 
and the distillable liquid yield was up to 70 percent 
of the moisture- and ash-free coal. Hill has been 
able to get rid of the gas oil as well, and Wilsonville 
is expected to confirm this improvement later this 
year. 

There is room to improve the yields further. if all 
oxygen in the coal is rejected as carbon dioxide, and 
the sulfur and nitrogen are removed as hydrogen sul-
fide and ammonia, respectively, then the yield of 
gasoline	 can	 theoretically be increased about 
25 percent. It is also important for the economics 
that the hydrogen consumption remains modest as the 
yields increase. 

Lumpkin explains that a number of elements have 
contributed to these improvements. There has been a 
strong trend by most developers toward two or more 
reaction stages, in contrast to the earlier trend of 
trying to reduce capital cost by doing the whole job 
in a single stage. The gain in control over the 
chemical reactions more than balances the cost for 
the second stage. Also, reactor costs are lower today 
than in the recent past, partly because of the 
depressed market for such vessels, but mainly because 
of code changes that resulted from improved metal-
lurgy. 

The two reactors need to be closely coupled, again to 
control the chemistry. There is a greater apprecia-
tion of the importance of retrograde, or polymeriza-
tion, reactions. If the free radicals formed when coal 
breaks dovn are not capped with hydrogen quickly 
enough, they react with each other to form large 
molecules that are much harder to break down than 
the original coal. 

For the same reason, catalyst is used in both stages. 
Earlier work used a thermal first stage, followed by a 
catalytic second stage. This was reasonable because 
coal degradation is a thermal process, 	 while 
hydrogenation is catalytic. However, coal has been 
found to be more reactive than previously thought, 
and it is important to cap the radicals quickly as 
they form. A catalyst speeds the capping reactions. 

Wilsonville has demonstrated improvements in remov-
ing the minerals and unreacted coal solids from the 
liquid products, using the ROSE-SR process. This im-
proves the liquid yield, since less liquids need to be 
rejected with the solids; it also represents a major 
improvement in reliability and operability. 

Other changes that have no direct impact on yields 
have also contributed to lower costs for the liquefac-
tion process. For example, Wilsonville has proven a 
low-cost water treatment process that makes the dis-
charge of excess water environmentally benign, and a 
pressure let-down valve that allows substantial 
simplification and cost savings over the H-Coal tech-
nology.

Coat Implications of Improvements 

One important product of the large-scale pilot plants 
sponsored by the federal government In the 1970's and 
00's was a set of highly-detailed commercial designs 
and cost estimates. One of these was derived by Be-
chtel, who designed and costed an H-Coal plant called 
the Breckinridge Project. 

The design was very conservative, particularly in as-
suming extremely low construction labor produc-
tivities. The design was appropriate to the needs of 
the times; cost estimates for alternate fuels projects 
has proven to be optimistic time after time, and the 
sponsors felt it was critical that the costs not be un-
derestimated. It was also assumed that the synfuels 
industry would be booming, and that there would be a 
shortage of experienced, competent labor. 

Amoco hired Bechtel in 1986 to update and revise the 
Breckinridge Project economics to reflect today's 
technology and costs. The major changes included 
revising the design to reflect the new technology. 
This changed the number of trains, unit capacities, 
and process flows within the individual units. 	 The
site was moved from Kentucky to the Texas Gulf. 
Coast.	 Other costs were updated to reflect today's 
environment. This resulted in: 

- Reduction of major equipment costs 
- Reduction of field labor rates 
- An increase in bulk material costs 
- Improved construction productivity 

Changes in the process area resulted in adding or 
changing several units: 

- Two-stage liquefaction in place of single-stage 

- A greatly simplified product distillation system 

- The ROSE-SR process for solids removal 

- hydrogen generation by steam reforming 
natural gas instead of gasification of heavy 
liquids or coal 

- Ilydrotreating/hydrocracking based on Chevron 
data 

- Catalytic reforming added 

- Fluidized bed combustion of the ash con-
centrate to generate steam and electricity for 
the plant 

The basis for this design is the two-stage liquefaction 
data reported by H RI, shown in Figure 1, where the 
liquids boiling above 650 0 F are recycled to extinction. 
This slate is an advantage when liquid transportation 
fuel is the goal; a different choice might be ap-
propriate for producing a clean boiler or turbine fuel 
for a utility. 

The resulting plant handles the same amount of coal 
feed (on a moisture- and ash-free basis) as the 
original Breckinridge plant, 15,140 tons per stream 
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day. But where the Breckinridge plant produced 
52,349 barrels per stream day of hydrocarbon liquids 
suitable as feed to a refinery, the new design gen-
erates 67,600 barrels per stream day of regular 
gasoline and 17,300 barrels per stream day of propane 
and butane.	 Approximately 5.5 barrels of liquid
product are made for each ton of coal fed to the 
plant, 4.5 barrels of it gasoline. There are minor 
amounts of phenol, ammonia and sulfur produced as 
the only by-products. 

The plant also requires a large amount of natural 
gas to make hydrogen, about 226 million standard 
cubic feet per stream day. The alternative is to 
gasify the bottoms and some additional coal for 
hydrogen, but this is a significantly more expensive 
option. The current design is a good example of the 
advantages of coprocessing - but coprocessing of coal 
and natural gas rather than the more widely promoted 
combination of coal and petroleum resid. 

Amoco says that the economics for the new design 
are encouraging. Assuming constant 1987 dollars, and 
that the ratios of the feed and product fuel costs to 
that of crude oil remain as they are today, the plant 
would produce a 10 percent real rate of return 
(without inflation) if crude oil price jumped to 
$35 per barrel. On the same basis, the original 
Breckinridge design and cost estimate would require 
$93 per barrel to justify. 

Obviously, the cost is still too high to justify im-
mediate construction of a commercial facility. One 
course of action might be to put the technology on 
the shelf and wait for the price of crude oil to rise 
high enough to provide an acceptable rate of return. 
However, Amoco believes that substantial cost reduc-
tions are still possible. 

Perhaps the most promising single method for reduc-
ing costs is to find a suitable cheaper coal or a not-
so-cheap coal that will give particularly high liquid 
yields. Wilsonville has concentrated development ef-

forts on two coals, Illinois No. 6 bituminous and 
Wyodak subbitu ruinous. This year, the plan calls for 
testing a high-carbon Pittsburgh seam bituminous and 
a Texas lignite. The former is frequently cited as 
giving very high liquefaction yields, the latter is a 
relatively low cost coal that has given reasonably high 
yields in other processes. 

Progress in fundamental coal chemistry has been ac-
cumulating, as a result of government funding in 
Japan and Germany, as well as in this country. 
Lumpkin states that the potential for breakthroughs in 
the cost for producing transportation fuels by direct 
coal liquefaction remains very high, providing that a 
steady research effort can be maifltained. The Wil-
sonville technical staff recently estimated that it 
might be possible to reach a distiliable liquid yield of 
between 80 and 85 percent of the moisture- and ash 
free feed coal without basic changes to the existing 
process. Improvements of this magnitude could lower 
the cost of liquid fuels from coal to $25 per barrel. 

###4

ECONOMIC BENEFITS SEEN FOR COPRODUCTION 
OF METHANOL WITH IGCC 

The once-through coproduction of methanol with an 
Integrated coal gasification combined cycle (10CC) 
system appears to offer attractive economic benefits. 
U. Bradshaw of the Tennessee Valley Authority and P. 
Dileepan of the University of Tennessee at Chat 
tanoga presented a paper on this concept at the Coal 
Technology '86 Conference held in Pittsburgh. 

They compared the relative economic competitiveness 
for an 10CC power plant, an 10CC with a Once-
Through Methanol (OTM) production process to 
produce electricity and methanol, and a supercritical 
pressure, pulverized coal-fired power plant with a 
wet-limestone scrubber (PCFWS). The relative 
economic competitiveness was determined by calculat-
ing the incremental, levelized annual revenue require-
ment (LARK) for each plant for the first year of 
operation and for a 30-year life. The LARK was ad-
justed and calculated to include methanol by-product 
credits, effects of different power plant load carrying 
ability, and power system avoided cost savings. 

Need for the IGCC and IGCC/OTM 

In the future, utilities are faced with only a few 
choices for base-load electric generation capacity. 
The continued uncertainty and poor economics as-
sociated with nuclear unit deployment, the uncertainty 
in the cost and availability of natural gas and oil, and 
the continued tightening of environmental regulations 
leave utilities with few base-load generation options. 

The 10CC approach for capital and operating costs 
appears competitive with other base-load coal-fired 
options like the PCFWS and fluidized bed boilers. 
Furthermore, it may prove economical, when oil and 
gas supplies get tight and expensive, to retrofit 10CC 
technology to repower existing oil and gas-fired 
capacity. 

The overall efficiency of an 10CC system can be fur-
ther improved by the coproduction of electricity, 
steam, hot water, gaseous fuels, and liquid fuels 
(methanol). With a high market value for the 
coproduced methanol, once-through methanol coproduc-
tion (OTM) can significantly reduce the power gener-
ation costs and increase the operational flexibility of 
an 10CC. The resulting diversification can minimize 
uncertainty of demand and earnings according to the 
study authors. 

Description of IGCC/OTM 

As an alternative to burning all the syngas to gener-
ate electricity or process heat, the hydrogen and 
carbon monoxide rich syngas can be partially con-
verted to a high value product, methanol, in a single 
step. The remaining carbon monoxide and hydrogen 
can then be burned in the combined cycle power plant 
to produce electricity. With the liquid phase 
methanol process under development by Chem Sys-
tems, Inc., the entire hydrogen and carbon monoxide 
rich syngas can be bubbled through a heterogeneous 
catalyst solution for partial conversion to methanol. 
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The OTM process can be by-passed to produce the 
full power plant output if the power conversion sys-
tem Is built for full output. With the OTM in opera-
tion, only about 80 percent of the full IGCC/OTM 
electrical output can be realized with 20 percent of 
the syngas energy used to produce methanol with a 
74 percent coal to methanol conversion efficiency. 
The 74 percent coal to methanol efficiency Is com-
parable to a 54 percent methanol conversion ef-
ficiency for a stand-alone methanol plant. 

Bradshaw	 and	 Dileepan calculate that	 a 576	 MWe 
IGCC/OTM could produce over	 70 million gallons	 of 
methanol at a variable cost of $12 million per year. 
At	 current	 prices,	 the methanol could be	 worth 
$22	 million,	 resulting in a contribution to margin of 
$10 million a year. 

Economic Analysts 

To determine the economic benefits of OTM 
coproduction of methanol in an 10CC, the difference 
in the relative Incremental impact of an IGCC/OTM, 
10CC, and PCFWS on the economics of a power sys-
tem was calculated. The objective was to minimize 
the incremental first year and lifecycie economic im-
pact on the total power system costs.

The incremental impact on the power system was 
defined for the first year and a lifecycle (LARk) for 
each option was calculated. 

Results 

The resulting life-cycle LARR analysis Is given in 
Table 1. Over the life-cycle of operation the LARR 
for the IOCC/OTM is 17 mills/kWh less than for a 
PCFWS (or $2.2 billion difference in net present 
value) and 8.5 mills/kWh less than the 10CC alone (or 
$1.1 billion difference in net present value). 

Figure 1 shows the strong sensitivity of the lifecycle 
LARk to variations In the methanol price. Only if 
methanol prices are less than $5.5/MMBTU would an 
OTM retrofit to an 10CC not yield a break-even rate 
of return. Figure 2 shows the strong sensitivity in 
the internal rate of return (IRk) of the IOCC/OTM 
relative to the 10CC as a function of different 
methanol prices. The IRR of the IGCC/OTM revenue 
is determined relative to revenue required for the 
10CC alone. In other words, the 11th is determined 
as if an OTM were retrofitted to an 10CC already in 
operation and in the rate base. Credit for the 
methanol produced would be used to pay for the addi-
tional capital, operating, and other penalty costs for 
the OTM.	 The additional contribution to margin 
would increase the IRR as methanol values increase. 

TABLE 1 

EOflYdIC EVALUATION OF ØTM BENEFITS
DETERMINATION OF LIFE CYCLE INCREMENTAL IMPACT ON POWER SYSTEM COSTS 

(YEAR 2000 METHANOL PRICES CONSTANT 1985 DOLLARS) 

Parameter Description I/01M IGOC POIWS 

Plant Construction Tine (Years) 5 5 5 
Plant Economic Life (Years) 30 30 30 
Plant Capital Cost	 (1985$/loVe) 1,156 1,156 1,061 
Plant Capital Cost at COD (FV & ESC $/IOVe) 1,626.8 1,626.8 1,493.1 
OTM Capital	 (FV & ESC $/kwe) 97.6 - - 

Total Plant Investment	 ($/loVe) 1,724.4 1,626.8 1,493.1 
Plant Capacity Factor 	 (96) 84.4 84.4 71.2 
Real Fixed Charge Rate (96/Year) 9.7 9.7 9.7 
Annual Fixed Charges (S/loVe) 167.8 158.3 145.3 
Plant Fixed O&M ($/kWe)	 34.7 32.7 25.9 

Total Annual Fixed Costs ($/ kwe) 202.5 191.1 171.2 
(Mills/kWh) 27.4 25.8 27.5 

Variable OM1 (Mills/kWh) 3.3 3.1 2.4 
Consumables Cost	 (Mills/kWh)' 0.3 0.3 4.0 

Average Annual Heat Rate (BTU/kWh) 10,068.8 9,920.0 9,660.0 
Average Fuel Costs	 (Mills/kWh) 19.5 19.2 18.7 
System Avoided Cost Savings (Mills/kWh) 4.0 4.1 0.0 
0Th1 Methanol Credit (Mills/kWh) 10.8 0.0 0.0 

Litecycle Levelized Annual 
Revenue Requirement (Mills/kWh) 35.6 44.3 52.6
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Addition of an OTM to an IGCC plant is expected to 
result in a lower first year and life-cycle LARR than 
for any other coal-fired option. Not only is the life-
cycle LARR for the IGCC/OTM less than the IGCC, 
It is much less than the conventional capacity addi-
tion alternative, the PCFWS. Consequently, the in-
ternal rate of return for adding an OTM to an IGCC 
should be greater than a typical utiIity discount 
rate. To hedge on the issue of initially installing an 
OTM, the utility could phase-construct the 1(1CC first 
and provide for the addition of the OTM when market 
prices for methanol exceed $5 per million BTU. 

FIGURE 1 
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OXYGEN PURITY AFFECTS GASIFICATION COSTS 

Air Products and Chemicals Incorporated has examined 
a number of coal gasification and partial oxidation 
facilities worldwide They find that the high operating 
pressures of these processes favor the use of 
90 percent and higher oxygen purities. The effect of 
inerts in the oxidant on gasifier and downstream 
production units also favors the use of oxygen in 
place of air. 

A paper presented to the Coal Technology 86 Con-
ference in November discussed the major factors in 
oxygen purity selection for typical coal gasifiers. Ex-
amples demonstrating the effect of oxygen purity on 
several processes were presented: production of a syn-
thetic natural gas (SNG), integrated gasification 
combined-cycle (10CC) power generation and methanol 
synthesis. 

Design Effects 

Air Products notes that oxygen plays an important 
role in coal gasification by increasing the efficiency 
of the gasifier and downstream processes. The capi-
tal and operating costs associated with oxygen produc-
tion are significant. Although oxygen is often treated 
as a utility and supplied to gasification facilities on 
an over-the-fence basis, the interrelated variables 
listed in Table 1 should be optimized based on total 
facility economics. Selecting the correct oxygen 
purity may have large capital and operating cost im-
pacts on downstream processing units. 

Oxygen requirements vary significantly with the type 
of coal used and with gasifier design. The paper 
reviews these differences and presents relative cost 
and performance Information for cryogenic oxygen 
plants. 

Optimum oxygen purity is said to vary from 
99.5 percent for chemical processes such as methanol 
synthesis to the mid-SO percent range for SNG and 
10CC power production.

Gasifier Operatic.. 

Oxygen requirements vary significantly with the type 
of coal and with gasifier design and operating condi-
tions. Oxygen usage varies between 0.2 and 1.0 ton 
of oxygen per ton of coal, with high temperature 
entrained bed designs exhibiting the highest oxygen 
demand. In going from bituminous coal to lignite 
(higher rank to lower rank), the quantity of coal 
required to produce a constant total heating value of 
products increases substantially. The oxygen require-
ment trend over this same range is more stable due 
to the higher reactivity of lower rank coals and their 
increased oxygen content. Table 2 shows Air 
Products' calculations of the relative amounts of coal 
and oxygen required by a high temperature gasifier to 
produce a fixed product slate, for a range of coals. 

Downstream Processing 

Processes downstream of the gasifier may not be able 
to tolerate the level of inerts resulting from air-
blown reactions. In addition, the larger equipment 
sizes and utility consumptions may be cost prohibitive. 
The selection of the optimum oxygen purity for an 
oxygen-blown gasifier depends on these downstream 
process requirements, and is generally between 90 and 
99.5 percent. 

As oxygen purity is decreased, two counteracting 
changes in the raw gas product occur which result in 
a nearly constant total heating value output. Al-
though the specific heating value decreases by two to 
three percent due to the higher level of inerts, there 
is a corresponding increase in the volume of gas 
produced. When the gas is to be used as fuel on-site, 
the reduction in the specific heating value may not 
present any problems. 

When the gasifier output is used as a synthesis gas or 
chemical feedstock, the levels of inerts cause lower 
purity oxygen to become economically unattractive. 

TABLE 1

OXYGEN PLANT/GASIFIER INTERFACE VARIABLES 

Change in	 Oxygen Cost Variable	 Variable	 Impact 

Oxygen Purity	 00 to 99.5%	 5 to 15% 
Oxygen Pressure	 100 to 1,200 psig	 15 to 20% 
Plant Size 6,000 T/D	 1,000 T/D vs. 6,000 T/D	 18% 
Turndown Requirements 	 65% instead	 3 to 5% 

of 85% 
Multiple Trains	 2 to 6 trains	 3 to 8% 
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TABLE 2 

RELATIVE GOAL MC OXYUflI RflJlRfl(FS TO PRODUCE



(U4STMIF TOTAl. HEATING VALUE PRODUCT BY 
RIG! TPaPaIAUJRE GASIFICATION

Tons	 Relative 
Coal,	 Oxygen per	 Oxygen 
Tons	 Ton Coal Requirement 

Illinois #6 Bituminous 	 1.00	 0.84	 1.00 
New Mexico Subbituminous	 1.14	 0.72	 0.97 
Texas Lignite	 1.74	 0.51	 1.04 

For instance, the concentrating effect of the 
methanation reaction in synthetic natural gas (SNG) 
production amplifies the presence of inerts; the 5MG 
heating value becomes diluted and may not be ac-
ceptable as oxygen purity is decreased below 
95 percent. Similarly, the need to purge inerts in the 
production of methanol leads to a loss of hydrogen 
and carbon monoxide reactants and reduces the as-
sociated methanol product yield. 

Oxygen Production 

Cryogenic separation Is currently the process of 
choice for gasification facilities because it requires 
less energy than the other commercially available 
oxygen processes and because of the inherent ease of 
optimizing purity. Although Air Products states that 
cryogenic air separation is generally regarded as 'na-
ture technology, opportunities exist to improve cycle 
efficiencies and reduce equipment costs. When dif-
ferences due to purity and cycle alternatives are con-
sidered, oxygen cost variations of over 20 percent can 
occur. 

The need for oxygen at pressures above about 
300 psig justifies the investment for air separation 
facilities for coal gasification applications. Above 
this pressure, the cost associated with compressing 
the excess nitrogen in the air outweighs the cost of 
an air separation plant, as shown in Figure 1. 

Synthetic Natural Gas (Sf40) 

In the production of 5MG from coal, as oxygen purity 
decreases, the 3MG specific heating value decreases 
while the total volume of gas produced increases. 
The two opposing trends offset each other, resulting 
in a nearly constant production of BTU's in the 
product gas. The specific cost per BTU of 5MG 
product is plotted in Figure 2 for both conventional 
and low purity oxygen plant cycles. Although specific 
costs decrease with decreasing oxygen purity, the 
required 5MG BTU specification would most likely 
preclude use of oxygen purities below 94 to 
95 percent. It is also clear that in the case of 5MG, 
the economic incentive for low purity oxygen is small.

FIGURE 1 
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Integrated Gasification Combined Cycle (16CC) 

Figure 3 shows the relative cost of producing power 
as a function of oxygen purity for both the conven-
tional low pressure cycle and the low purity cycle. 
In this case, the economic incentive for lower purity 
oxygen Is more evident. For example, a 300 MW 
1(3CC facility designed for 94 percent oxygen instead 
of 99.5 percent oxygen would save up to 2.5 percent 
of the power cost, thereby realizing an annual cost 
savings of $4 million. 

Methanol from Coal 

In a conventional methanol process, only a fraction of 
the reactant gases are converted to methanol in each 
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FIGURE 3 
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pass through the methanol reactor. The unreacted 
gases must be re-compressed and recycled. Inerts in 
the gasifier product build up in this recycle loop and 
must be purged to maintain reactivity. Thus, oxygen 
purity has more impact on downstream units than in 
either of the preceding cases discussed. As expected, 
the relative cost of producing methanol decreases as 
oxygen purity increases (Figure 4). 

MOLTOX System 

Air Products is developing a new process for oxygen 
production based on molten salt absorption (see Pace 
Synthetic Fuels Report, June 1986, page 1-18).

FIGURE 4 
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The MOLTOX oxygen system is projected to be most 
competitive where significant process heat integration 
can be achieved. For most applications, a 30 to 
40 percent reduction in total energy Is anticipated, 
compared to new electric-drive cryogenic plants. Since 
65 percent of the cost of oxygen from cryogenic 
plants Is energy related, use of the MOLTOX system 
results In a projected 12 to 23 percent cost Improve-
ment over new cryogenic plants (Table 3). 

TABLE 3

ADVANTAGES OF THE WLIDX SYSTEM 

Total Product Cost 
Product	 Advantage with MOLTOX 

SNG	 1% 
IG€t	 4% 
Methanol	 496 

FIGURE 2 
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TECHNOLOGY 

AMOCO PATENTS COMBINED 13CC AND SURFACE 
COAL CONVERSION PROCESS 

United States Patent 4,614,234, Issued to K. Pun and 
assigned to Standard Oil Company, covers the use of 
gases generated by underground coal gasification for 
the surface conversion of mined coal. The char 
resulting from the conversion process is burned to 
generate steam for injection into the underground 
gasification process. 

As seen in Figure 1, the process is set up by drilling 
injection well 14 and production well 16 into the coal 
seam. Communication is established between the 
weus, and the coal is ignited, producing an under-
ground coal gasification cavity 18. The hot under-
ground coal gasification product gas, or synthesis gas, 
is produced through well 16. This gas includes water, 
carbon dioxide, carbon monoxide, and hydrogen. 

FIGURE 1 

COMBINED UCG AND COAL
CONVERSION PROCESS 
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Above ground is the pyrolysis reactor 20. Hot syn-
thesis gas is piped to the pyrolysis reaction zone 
where it directly contacts mined coal. Products from 
the pyrolysis reaction zone include the char 24 and 
liquid products obtained overhead as vapor. A liquid 
separation zone 28 produces a gas stream containing 
the underground coal gasification gaseous products and 
the pyrolysis gaseous products in one stream and the 
coal liquid in another.

An example is quoted, based upon an installation using 
a subbituminous coal obtained from the Co-op mine in 
Utah. The total amount of steam needed for this in-
stallation is 3.3 million pounds per hour of 1,465 psi, 
900°F steam, and 2.7 million pounds per hour of 
1,465 psi saturated steam. This supplies all utilities 
RE; well as the oxygen plant. This coal produces, on a 
weight basis, when pyrolyzed at a temperature of 
700°F and a pressure of 200 psig, 5.5 percent oil, 
6.5 percent gas, 13.0 percent water and 75 percent 
char. This coal is used for the underground combus-
tion zone and for another portion obtained by mining. 

In this case, 26,000 tons per day of coal is gasified in 
situ, producing a mixture of hydrogen, carbon dioxide, 
water and carbon monoxide. Oxygen injection 
amounts to 15,000 tons per day with steam injection 
at a rate of 8,200 tons per day and a temperature of 
550°F at 325 psig. The energy required to generate 
the steam is 194 billion BTU per day requiring a feed 
to the boilers of char of 7,385 tons per day, the char 
having a heat value of 13,107 BTU per pound. The 
total raw synthesis gas produced is 41,000 tons per 
day. The mined coal supplied to the pyrolysis zone is 
9,847 tons per day, this providing oil production of 
4,975 barrels per day and pyrolysis gas production of 
15.6 million standard cubic feet per day having a 
heating value of approximately 400 BTU/SCF. Water 
produced is 7,188 barrels per day. The temperature 
of the produced underground coal gasification syn-
thesis gas is about 880°F when it is recovered at the 
surface. This gas contains sufficient heat to raise 
the temperature of the surface mined coal from am-
bient (approximately 50 0 F) to 7000F. 

#4tH 

RUHR 100 PROCESS DEMONSTRATES ADVANTAGES 
OF HIGH-PRESSURE COAL GASIFICATION 

Between 1983 and 1985, Lurgi GmbH, Ruhrkohle AG 
and Ruhrgas AG studied the benefits of high-pressure 
fixed bed gasification of coal for the production of 
substitute natural gas (5MG). The study was spon-
sored by the West German Ministry of Research and 
Technology. 

The study extrapolated the results of a pilot plant 
joint venture project of Ruhrgas AG, Ruhrkohle AG 
and Stang AG. Between 1979 and 1983, the three 
companies operated a 1.5 meter diameter pilot 
gasifier. The objectives of the test program were to: 

- Increase	 the	 operating	 pressure	 to 
100 atmospheres 

- liaise the methane yield 

- Increase coal throughput 

- Widen the range of feed coals by raising the 
share of coal fines and ash 
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- Reduce effluents and by-products by minimiz-
ing liquids productions and improving the liq-
uids quality 

- Perform to stringent environmental standards 

Results of the program were summarized for the 1986 
International Gas Research Conference 

Increase in Methane Yield 

As shown by Figure 1, the methane content of the 
dry, raw gas is raised from approximately 8 to 
10 percent at 25 bar to 16 to 17 percent at 90 to 
100 bar. This increases the heating value of the gas 
by approximately 20 percent. 

FIGURE 1 

METHANE CONTENT 
OF DRY RAW GAS 

AS A FUNCTION OF PRESSURE 

KG/TONNE COAL 
(DRY ASH FREE)	 % BY VOLUME 
70

GROSS TAR OUTPUT 
KG/TONNECOAL 

60 FR DRY ASH	 EE) 

50 TONNECOALE2O 
(DRY ASH ^FREtj__j 

40 

30

ETHANE CONTENT	 I-to 
20 % BY VOLUME I 

KG/TONNE COAL 
(DRY ASH FREE) I 

0
10 20	 30	 40	 50	 60	 70	 80	 90	 100 

GASIFIER PRESSURE (BAR)

As the heating value of the raw gas rises, the ther-
mal efficiency of the gasification process Is increased 
from approximately 81 percent to 85 percent. 

Following shift conversion, the methane content of 
raw gas produced by the high-pressure Lurgi gasifier 
rises from 16 to 17 percent to more than 50 percent 
and is almost twice as high as in the conventional 
25 bar process.

Increase In Coal Throughput 

An increase in the gasification rate as a function of 
the gasifier pressure means that as the pressure rises 
from 25 bar to 100 bar, coal throughput Is increased 
by a factor of 2.8. 

Reduction of Steam and Oxygen Consumption 

As coal throughput, gas output and operating pressure 
increase, oxygen and steam consumption are reduced 
notably. The reduction In the quantity of oxygen 
needed not only results in a decrease in size and the 
cost of the air separation plant, but also Improves the 
efficiency of the process. 

As the gasifier pressure rises, less steam must be 
produced, and the cost of the boiler plant is lowered. 
At the same time, the efficiency of the gasifier Is 
again enhanced. An increase in gasifier pressure from 
25 bar to 100 bar decreases oxygen consumption by 
over 26 percent and cuts steam requirements by more 
than 23 percent. 

Range of Feed Coals 

Tests showed that an increase in the gasification 
pressure reduces the gas velocity in the gasifier and 
thereby reduces the entrainment of fines. Feed coals 
with a tines content of more than 20 percent were 
gasified without any difficulties attributable to fines 
entrainment. 

The test program also demonstrated that caking coals 
can readily be gasified if coals with a high ash con-
tent are used. Coals with an ash content of as much 
as 57 percent were gasified. 

A much broader range of coals and grain sizes can be 
gasified by high pressure gasification than at a pres-
sure of only 25 to 30 bar. 

Reduction in Effluent and By-Product Output 

As the pressure at which the coal is gasified in-
creases, oxygen and steam consumption are reduced 
and the liquid hydrocarbons produced by the gasifica-
tion process become lighter. 

Figure 1 shows gross tar output expressed In 
kilograms per tonne of coal (dry ash free). Gross tar 
output Is almost halved if the gasification pressure is 
Increased from 30 bar to 95 bar. 

As tar output decreases, the yield of light conden-
sable hydrocarbons, such as lighter oils rises. 
Figure 1 shows specific liquid hydrocarbons output as 
a function of gasifier pressure. 

The Economies of a 30-Bar Versus a 90-Bar Plant 

A study was made to examine the feasibility of a 
commercial-size high-pressure gasifier. 

In order to determine the effect of an increase in the 
Iasification pressure on cost, the 30-bar plant was 
designed for the same coal throughput as the 90-bar 
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plant. Downstream purification and treatment was 
the same for both plants, deliberately neglecting the 
possibility of employing less costly processes in the 
case of the 90-bar plant. 

Key plant data are summarized in Table 1. A com-
parison of the two cases revealed that: 

- The	 90-bar	 gasifier	 is	 approximately 
10 percent less costly because of the in-
creased throughput. 

- The shift converter for the 90-bar plant is 
approximately 80 percent more expensive. 
Carbon monoxide formation does not depend 
on pressure, and the wall thickness of the 
high-pressure converter must be larger. Heat 
exchangers are also more expensive in the 
high-pressure case. 

- A 10 percent reduction in the cost of the 
Itectisol unit is attributable to a 50 percent 
decrease in the cost of the refrigerating 
plant. 

- The cost of the methanation plant rises in the 
90-bar ease by approximately 15 percent. The 
reduced methanation requirements do not 
make up for the high costs of greater wall 
thicknesses. 

- Water disposal expenses are reduced by ap-
proximately 16 percent in the 90-bar case, 
because the gas liquor volume is much lower. 
Capital expenditure for the boilers is reduced 
by 20 percent, and for the air separator plant 
and the oxygen compressors by 25 percent. 

As Table 1 shows, coal-to-gasification throughput is 
the same in both cases. SNO output from the 90-bar 
plant is, however, some four percent higher. 
Moreover, the heating values of the marketable by-

products is some 30 percent higher than in the case 
of the 30-bar plant. 

As a result of the reduction in steam, oxygen and 
power savings and the increased output from the high-
pressure plant, the overall thermal efficiency of the 
90-bar plant (lil y all products/lilY coal input) is in-
creased by approximately 13 percent from 
60.8 percent to 68.6 percent (Figure 2). 

Figure 3 shows the cost of SNG as a function of the 
cost of coal. 

The cost of SNG from a 90-bar plant is some 
13 percent lower than the cost of 5MG from a 30-bar 
plant. The difference is chiefly due to the 
11 percent higher capital expenditure, the nine per-
cent higher cost for coal and the 11 percent higher 
cost of disposal in the case of the 30-bar plant. By-
product credits for the 90-bar plant are some 
24 percent higher than for the 30-bar plant. 

These costs and other data quoted are only valid for 
the gasification of West German medium to high-
volatile bituminous coal. The gasification of a dif-
ferent type of coal or of coal purchased at a dif, 
ferent price may change cost correlations con-
siderably. 

If the production of gas from coal becomes necessary 
or viable, the project sponsors feel that the Ruhr 
100 process would be the method of coal gasification 
best suited for the production of SNG. Tests at the 
pilot plant in Dorsten have shown that the cost 
benefits of the fixed-bed high-pressure gasification of 
coal are remarkable. Both the pilot plant tests and 
the study of the commercial-size Ruhr 100 plant have 
shown that the design, construction and operation of a 
commercial-size Ruhr 100 plant is technically feasible. 

TABLE 1

RUHE 100 (XSPARAT lYE PLANT DATA 

Total Capital Expenditure 
(billion PM) 

Coal to Gasification 
(tonnes /year) 

Coal to Steam and Power Plant 
(tonnes/year) 

Raw Water Requirement 
(tonnes /year) 

SNG Productoa 
(million to /year) 

Waste Water 
(tonnes /year)

30 Bar Plant 90 Bar Plant 

	

1.374	 1.285 

	

3,000,000	 3,000,000 

	

560,000	 360,000 

21,120,000 16,512,000 

	

1,194.4	 1,232.8 

	

5,384,000	 3,589,600 
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AIR PRODUCTS PATENTS BASIC QUINONE 
CATALYST FOR COAL LIQUEFACTION 

United States Patent 4,626,342 issued to D. Garg and 
S. Sunder, and assigned to Air Products and Chemi-
cals, reveals an improved process for catalytic solvent 
refining of coal. Coal is converted to liquid products 
at an elevated temperature and pressure in the 
presence or hydrogen and a solvent, with a catalyst 
comprised of a combination of: 

a. & mono- or polycyclic, substituted or Un-
substituted 1,2- or 1,4-quinone 

b. An ammonium, alkali metal, or alkaline earth 
metal oxide, hydroxide or salt of a weak acid. 

The catalyst has two components. The first is an 
alkaline material, selected from the groups listed. 
The alkaline catalyst component can be introduced 
into the slurry mixer (Figure 1) as a solid or slurry or 
in the form of a solution in water or in an organic 
solvent.

Preferred alkaline catalyst components are those of 
the alkali metals, and the most preferred alkaline 
catalyst components are sodium hydroxide, sodium 
carbonate or sodium sulfide. 

The amount of alkaline catalyst component is 
0.25-1.5 percent by weight of sodium hydroxide, 
sodium carbonate or sodium sulfide. 

The second catalyst component is a 1,2-(ortho-) or 
1,4-(para-)quinone, which may be monocydic or 
polycyclic and may be unsubstituted benzoquinones, 
naphthoquinones, anthraquinones, pyrenequinones, ben-
zanthracenequinones, picenequinones, chrysenequinones, 
dibenzanthracenequinones and benzpyrenequinones. 
The quinones can be fed to the mixer as a solid, a 
slurry or a solution or dispersion in a liquid medium. 

Preferred quinones are 1,4- or paraNuinones, most 
preferred is 1,4-benzoquinone. The amount of quinone 
catalyst is preferably 0.25-1.5 percent by weight. 

Hydroliquef action is done by slurrying particulate coal 
with solvent and heating the resulting slurry in the 
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FIGURE 1 
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presence of hydrogen at elevated temperatures, 
generally above 350 0 C,	 to convert the coal to 
products of lower molecular weight. The invention 
can utilize non-hydrogen donor solvents as well as 
hydrogen donor solvents. The coals used as feed may 
be wet or dry, that is, containing less than about five 
percent by weight of water. 

The solvent used in solvent refining processes Is 
usually a solvent boiling above about 230 0 C. Al-
though the solvent is conveniently derived from the 
coal feed being liquified, It is feasible to use solvents 
of the proper boiling range, obtained from petroleum, 
shale or tar sands. In general, solvents used for 
hydroliquefaction are selected among those having a 
boiling range of 230 0 -455 0 C. It is preferred to use a 
hydrogen donor solvent. 

It has been found that solvents, from which at least 
some oxygenated or nitrogenous Impurities, or both, 
have been removed, provide coal conversions and oil 
yields	 higher	 than	 those	 obtained	 using 
untreated/unmodified solvents. In Figure 1, the 
heteratom fraction or a portion thereof Is removed 
before recycling the solvent to the process.

It was found that quinoline and phenanthridine were 
representative of nitrogenous impurities, having par-
ticularly deleterious effects on catalytic coal liquefac-
tion. Therefore, it is preferred that this type of 
highly basic nitrogenous impurities be essentially com-
pletely removed. It is preferred that at least 
75 percent by weight of all nitrogenous impurities 
originally present in the solvent be removed. 

Oxygenated impurities include phenols and ethers. It 
is preferred that phenolic contaminants be removed. 
Concentrations of total oxygen in oxygenated con-
taminants are preferably equal to or less than 
0.25 percent by weight of oxygen as phenolic con-
taminants. 

The patent states that conventional coal liquefaction 
is believed to begin with the generation of coal free 
radicals by thermal scission. The process solvent used 
for the liquefaction is thought to act as a hydrogen 
shuttle, which abstracts hydrogen from the gas phase 
and transfers hydrogen to the thus-produced coal free 
radicals. The aromatic/hydroaromatic compounds 
present in the process solvent are usually credited 
with this activity.	 Studies with model compounds
have shown that large condensed ring compounds are 
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more active in this regard than smaller aromatic 
Co mpounds. 

The effectiveness of a solvent is determined by the 
ratio of the rate at which hydrogen is shuttled to the 
free radicals to the rate at which the free radicals 
undergo competing condensation reactions. The com-
peting condensation reactions produce refractory 
materials requiring excessive amounts of hydrogen for 
liquefaction. 

It is proposed in the patent that the basic catalysts 
employed enhance the rate of the quinone-
dihydroxyaro matic interconversion. This permits more 
rapid hydrogen shuttling to the free radicals than 
heretofore and results in impro ad yields of liquid 
products. 

In the process, as seen In Figure 1, particulate coal 
feed is introduced Into the slurry mix zone (mixer). 
Solvent from- storage or the solvent recycle system is 
introduced into the mixer through another line. The 
quinone and base components of the catalyst system 
are introduced into the mixer and the coal-solvent 
slurry is prepared. 	 During transfer of the solvent 
coal slurry into the hydroliquef action zone 
(liquefaction reactor), hydrogen is introduced into the 
transfer line to pressurize the liquefaction feed to the 
desired pressure. 

At the end of the desired residence time in the 
liquefaction reactor, the products are transferred to a 
gas/liquid separator, in which product gases are 
separated from the system. The condensate from the 
gas/liquid separator is passed to a distillation unit. 
Light oil distillate fraction (boiling up to about 
218°C) leaves the still for transfer to storage. 
Recycle distillate solvent is transferred from the 
vacuum distillation zone to solvent storage or 
recycled to the mixer. 

Bottoms from the vacuum distillation unit are trans-
ferred to a solids separation zone Washing unit). 
The bottoms fraction contains soluble solvent-refined 
coal (Sac) and a residue (IOM), comprising insoluble

organic materials, unconverted coal macerals and 
mineral matter. This material can be used for gener-
ating hydrogen in a gasifier. 

Several examples are presented In the patent. Four 
key examples follow. 

Example One 

The first example illustrates hydroliquefaction of coal 
with original coal-derived process solvent. 

A slurry of three grams of Illinois No. 6 coal, three 
grains of original process solvent, derived from the 
hydroliquefaction process was prepared. The coal 
solvent slurry was treated uider a hydrogen pressure 
before heating of 8.43x10 	 kilograms per square 
meter.	 The reaction temperature was 440C and 
residence time was 60 minutes. 

The product distribution from two duplicate runs is 
given in Table 1. The yield of oil was about 
29 percent, based on moisture-ash-free coal. 

Example Two 

The second example illustrates the hydroliquefaction 
of coal with p-benzoquinone catalyst. To a slurry of 
three grams of coal in original process solvent was 
added 0.03 grams of p-benzoquinone. The slurry was 
subjected to hydroliquef action, under conditions other-
wise as in Example 1. Results, given in Table 1, 
were a slightly higher oil yield and about the same 
conversion as for hydroliquef action without an addi-
tive. 

Example Three 

The third example Illustrates hydroliquef action of coal 
with sodium hydroxide catalyst. To a slurry of three 
grams of coal in three grams of original process sol-
vent was added 0.03 grams of sodium hydroxide. The 
slurry was subjected to hydroliquef action as in 
Example 1. Results, given in Table 1, show that use 
of sodium hydroxide catalyst increased both oil yield 
and coal conversion significantly. 

TABLE t 

CONVERSION AND PinxJcF DISTRIBUTION OBTAINED
DURING COAL LIQUEFACTION BY AIR PIUUXYFS PROCESS 

Example 1	 Example 2 Example 3 Example 4 
1% PBQ+ 

Additive None 1% PBQ 1% Na011 1% Na011 
Product Distribution - 

(wt.% MAF Coal) I II 
Gas 10.5 12.9 9.6 7.8 7.0 
Oil 29.1 29.3 31.4 40.9 46.5 
SEC 35.6 36.0 37.2 35.9 33.4 
IOM 24.8 21.8 21.8 15.4 13.1 
Conversion (96) 75.2 78.2 78.2 84.6 86.9
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Example Pour	 smoke-point properties while providing an increased 
density and an increased volumetric heat content. 

The fourth example illustrates hydroliquefaction of 
coal with combined p-benzoqulnone sodium hydroxide 
catalyst. To a slurry of three grams of coal in three 
grams of original process solvent was added 0.03 
grams of p-benzoquinone and 0.03 grams of sodium 
hydroxide. The mixture was treated under 
hydroliquefaction conditions of Example 1. As shown 
in Table 1, higher oil yield and higher conversion 
were obtained than for uncatalyzed hydroliquefaction 
or for hydroliquefaction, catalyzed by p-benzoquinone 
or sodium hydroxide alone. 

fl#4 

ALTERNATE ROUTES COMPARED FOR HIGH-
DENSITY FUELS FROM COAL 

A project carried out by Science Applications Interna-
tional Corporation for Argonne National Laboratory 
investigated process concepts for the production of 
high-density liquid transportation fuels from coal. 
The concepts which were investigated could be 
grouped into three general process categories: direct 
liquefaction with a donor solvent, mild pyrolysis, and 
extraction/reaction with a supercritical solvent. 
Technical, economic and strategic issues concerning 
the development of high-density fuels are discussed in 
the study. 

High-Density Fuel Characteristics 

It is generally realized that a high-density jet fuel 
can be produced by manipulating fuel composition. In 
comparison with conventional jet fuel, a high-density 
jet fuel would contain a much higher naphthene con-
tent and a correspondingly lower n-paraffin content. 
The higher naphthene content increases the density 
(and heat of combustion on a volumetric basis, al-
though not on a unit-mass basis), while maintaining 
the required freeze-point, viscosity, and combustion 
properties. 

Preliminary evaluation revealed that coal liquids 
produced via direct coal liquefaction are composed of 
mostly ring compounds, such as naphthenes and 
aromatics, with few straight-chain paraffins. Accord-
ingly, coal liquids appear to have unique properties as 
a potential feedstocic for the production of high-
density fuels. 

Current jet fuels produced from petroleum are mainly 
paraffinic in nature because currently used petroleum 
resources are mainly paraffinic. Paraffinic hydrocar-
bons possess the important chemical characteristic of 
a high heat content per unit mass. However, paraf-
fins also have the lowest density and the lowest 
volumetric heat content of the three hydrocarbon 
types which may be considered as fuel components —
paraffins, naphthenes, and aromatics. 

Ideally a pure naphthenic distillate would provide a 
jet fuel which would possess superior freeze-point and

Production of High-Density Fuels From Coal 

The Argonne-sponsored study examined state-of-the-art 
concepts of coal liquefaction to identify novel con-
cepts which could lead to the production of high-
density transportation fuels. These concepts were 
found to be grouped into three general process 
categories: 

1. Direct liquefaction (in which hydrogen is 
added to the coal) 

2. Mild pyrolysis (in which the hydrogen for liq-
uefying a portion of the coal is abstracted 
fro,n the remainder 

3. Extraction/reaction with a supercritical solvent 
under conditions in which active hydrogen may 
be generated in situ in the process mixture. 

Direct Liquefaction Processes 

Direct liquefaction processes all involve solvent ex-
traction. Several different processes have been 
developed, the main differences depending on whether 
or not extraction is carried out under hydrogen pres-
sure or the solvent is hydrogenated in a separate 
step. .k catalyst may or may not be added to the 
system to promote hydrogenation. 

Representative data collected by Chevron are shown 
in Table 1. The coal liquids are predominantly non-
paraffinic.	 They contain a significant amount of 
naphthenes but are mostly aromatic. Depending on 
the type and molecular weight of the paraffins which 
are present, they may or may not present problems 
with product specifications. Paraffins can be 
eliminated from the raw coal liquid by adjusting 
process conditions, particularly in the Integrated Two-
Stage Liquefaction (ITSL) process, to preferentially 
crack heavy n-paraffins. 

The ITSL process appears to make a heavier coal liq-
uid than either H-Coal or Exxon Donor Solvent (EDS), 
which may indicate a greater suitability to produce 
feedstock for high-density fuels. (SRC) Solvent 
Refined Coal-11 syncrude may be of the right gravity, 
but this material contains a high heteroatom content, 
which will increase the hydrogen consumption in 
upgrading and refining the coal liquid. SRC-II liquid 
also contains paraffins and a relatively high distilla-
tion endpoint. Chevron's studies indicated that high 
endpoint material (e.g., >750 0 F) caused problems in 
the upgrading and refining process. EDS material also 
contains a high heteroatorn content, high paraffins, 
and a very high distillation endpoint. Based on its 
low gravity, low paraffin content, and low distillation 
endpoint, the ITSL liquid would be favored. 

Another variation of a direct liquefaction process, 
called Catalytic Two-Stage Liquefaction, is being 
developed which features two direct-coupled ebullated-
bed catalytic reactors in series. Improvements over 
other direct liquefaction processes have been noted in 
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TABLE 1 

COMPARISON OF PROPERTIES OF (XML LIQUIDS 

ITSL H-AL SRC-1 I EDS 
Liq. Process ITSL Illinois Illinois il-WAL Pitts. Texas 
Type of Coal Wyodak No.	 6 No.	 6 Wyodak Seam Lignite 

Gravity,	 °API 15.8 17.6 25.8 35.1 18.6 29.0 
Sulfur, pm 305 700 2000 4100 2900 1180 
Nitrogen, ppii 1020 730 4600 1700 8500 3000 
Oxygen, pun 3900 1800 18000 8500 37900 19200 
Hydrogen, wt96 10.48 10.68 11.29 12.74 10.46 11.25 
Carbon, wt36 89.00 88.99 86.25 86.20 84.61 86.41 
Group Type, vol% 

Paraffins 3.7 0.0 4.4 9.5 7.2 8.4 
Naphthenes 21.5 24.2 40.2 46.5 13.2 34.1 
Aromatics 72.6 74.2 55.4 44.0 77.7 55.9 
Sulfur Compounds 2.2 1.6 -- -- 1.9 1.6 

ASTM B 2887 Dist., OF 
5 340 214 177 156 189 164 
50 587 560 404 354 424 370 
95 689 703 654 602 642 799 
99 731 763 765 785 820 950

distillate yield, hydrogen utilization efficiency, and 
catalyst activity maintenance. However, the distillate 
product is more aliphatic which would indicate that 
this process would perhaps not be considered for 
producing feedstock for high density fuels. 

Mild Pyrolysis 

Most processes based upon pyrolysis have been aban-
doned as having limited potential. Problems generally 
associated with pyrolytic processes include a limited 
yield of a tar of uncertain quality, a large quantity 
of by-product char of uncertain usefulness or value, 
materials handling problems, and consequent high 
costs. 

However, a new approach to pyrolysis has come under 
investigation within the last few years. This new ap-
proach is called by various names--low-temperature or 
low-severity pyrolysis, mild pyrolysis, or differential 
liquefaction. The basic idea is to subject the coal to 
low-severity pyrolytic conditions of temperature and 
residence time to drive off volatiles, which are 
quickly	 collected	 and	 condensed	 to	 avoid 
repolymerization reactions. The liquid yield is not 
very high, typically about a barrel per ton of feed 
coal, but the liquid has the quality of a heavy diesel 
fuel. A great deal of char is left, but it has been 
found to be suitable as a boiler fuel. 

A recent paper reports on analyses of pyrolytic tars 
generated from low-sulfur Western coals in a modified 
Wellman-Galusha gasifier. Over 50 percent of the 
hydrocarbons in the product were two-ring naphthenic 
hydrocarbons--a potentially attractive feedstock for 
high-density fuels.

In summary, mild pyrolysis, or hydropyrolysis, appears 
to have potential as an economic, simple process to 
produce feedstocks for the production of high-density 
fuels. By manipulating the design and the operating 
conditions, it should be possible to obtain the right 
kind of feedstock for these desired products. This 
process offers the potential advantage of eliminating 
the hydrogen requirement for the primary liquefaction 
step. 

New Processes-Extraction/Reaction 

Extraction/reaction systems comprise a group of new 
processes which may have potential for producing 
high-density fuels. Depending on the 
extractant/reactant used, a particular process may 
resemble mild pyrolysis in which the conversion is 
only partial with hydrogen being supplied from the 
unconverted portion of the coal, or direct liquefaction 
in which conversion can be nearly complete with the 
addition of hydrogen by some means or other. 

An example of the first type of extraction /reaction 
process is the supercritical toluene process developed 
by British Coal. The extract product of this process 
may have unique properties as a feedstock for high -
density fuels. 

An example of the second type of extraction/reaction 
process is the use of a supercritical water/carbon 
monoxide mixture both to extract hydrocarbons from 
the coal as well as to provide hydrogen (by the reac-
tion of CO with water). 

In the British Coal process, the extract product is 
reported to	 be composed of short-chain aromatic 
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structures linked by ether and methylene bridges. 
After this material is processed by hydrocrncklng, it 
may contain a large quantity of two-ring aromatics, 
which would be an excellent feedstock for hydrotreat-
ing to high-density fuels. 

Investigations have been made recently at the Univer-
sity of Pittsburgh and Stanford Research Institute of 
extraction/reaction of coal with supercritical water or 
a basic supercritical water/carbon monoxide mixture. 

The applicability of this process to the production of 
high-density fuels is not known at this point. 
However, the concept does show promise as an alter- 
nate means of coal liquefaction which can give high 
conversion without the expense of having to provide 
pure hydrogen for the primary liquefaction reactions. 

Refining of Coal Liquids Into High-Density Fuels 

Coal liquids produced from different types of 
liquefaction processes can be expected to require dif-
ferent amounts and types of processing for upgrading 
and refining into transportation fuels. Although there 
does not appear to be any alternative to hydrotreating 
raw coal liquids to reduce the heteroatom content to 
an appropriate level, it is possible there is an alterna-
tive to high-severity hydrotreating. The objective in 
high-severity hydrotreating is to saturate as many of 
the aromatics as possible and produce the highest 
yield of jet fuel. However, heavy, refractory 
aromatics, the last ones to be saturated, consume an 
above-average amount of hydrogen, 	 raising the
average processing cost per barrel of product. 

On the other hand, moderate-severity hydrotreating is 
sufficient to treat the heteroatoms. The resulting 
product is a combination of a certain amount of 
naphtha and the remainder, which is an oil fraction in 
the right boiling range for jet fuel, but is a 50-50 
mixture of naphthenes and aromatics. In concept it 
should be possible to separate the naphthenic and

aromatic fraction of the heating oil, thus producing a 
highly naphthenic product which could be a suitable 
jet fuel fraction. This separation of aaphthenes and 
aromatics could perhaps be accomplished via liquid-
liquid extraction. 

Economicsof Producing High-Density Fuels 

The cost of these fuels is made up of two pans--the 
cost of producing the raw coal liquid and the cost of 
upgrading the raw liquid to the finished fuel product. 
Only direct liquefaction is sufficiently well developed 
to have its economics studied in any detail. For the 
other two process types--mild pyrolysis and 
extraction/reaction--much development work needs to 
be done to define process performance before the 
economics can be developed in detail. 

A current cost for raw coal liquids from direct 
liquefaction was estimated to be in the range of 30-
40 dollars per barrel. 

As part of its upgrading and refining studies, Chevron 
prepared estimates of the costs involved in refining 
coal liquids in new grass-roots refineries. However, a 
new grass-roots refinery is not necessary. In a recent 
study the Chevron report on economics was adjusted 
to reflect costs of refining the coal liquids in an ex-
isting refinery. 

These estimated costs for refining coal liquids in an 
existing refinery are shown in Table 2 for six dif-
ferent cases--four different coal liquids and two dif-
ferent product slates for each of the two li-Coal liq-
uids. Data are not shown for ITSL coal liquids be-
cause basic economic data were not yet available 
from Chevron for these cases when the Argonne spon-
sored study was done. 

Table 2 shows that the most significant cost for 
processing coal liquids in an existing refinery is for 
generating the extra hydrogen required. 	 However, 

TABLE 2 

COSTS FOR REFINING (DAL SYNQ1IJDES 10 ItANSPOI{FATIG4 FUELS 
IN EXISTING REFINERIES
(Dollars per Barrel) 

SRC-l1 H-COAL 
Pitts. Illinois No.	 6 
Seam Redistilled 

Gas 1 Gas/ Gas 1 
Jet heat2 Jet 

1.97 1.79 1.94 

5.96 1.66 3.69 
0.67 0.73 0.30 
0.18 0.18 0.18 
8.84 4.42 6.16

I1-COAL	 EQS 
Wyodak	 Lignite 

Redistilled	 Redist. 

Gas/	 Gas 1	 Gas1 
Rent 2	 Jet	 Jet 

1.79	 1.96	 1.81 

0.58	 1.90	 2.83 
0.18	 0.24	 0.24 
0.18	 0.18	 0.18 
2.79	 4.34	 5.12 

met It-

Capital-Related 
Costs 

Operating Costs: 
Hydrogen 
Catalyst 
Other 

Total
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this cost can vary significantly depending on the 
properties of the particular coal liquid processed and 
the product slate. With respect to product slate, 
hydrogen consumption is cut significantly to produce 
gasoline/heating oil instead of gasoline/jet fuel. Thus, 
if a method could be found to refine heating oil Into 
jet fuel by separating out the naphthenes from the 
aromatics, average per-barrel processing cost could 
perhaps be cut by 28-36 percent. 

Conclusions 

Major conclusions reached in the Science Applications 
International study were summarized by M. Fraser, at 
the Pittsburgh Coal Conference, as follows: 

- high-density jet fuel can be produced from 
raw coal liquids of suitable quality using only 
hydrotreating. 

- Besides direct liquefaction, there are two 
other general processing concepts which ap-
pear	 to	 have	 potential	 for producing 
feedstocks for high-density fuels--mild 
pyrolysis and extraction/reaction--although this 
potential remains to be demonstrated. 

- The unique chemical characteristics of coal 
make it especially suitable as the resource for 
the production of high-density fuels. 

- A coal liquefaction process for the production 
of high-density fuels will have to be especially 
designed for this purpose. 

- The use of lower-rank coals for the production 
of high-density fuels requires special con-
sideration to ovoid getting too many un-
suitable straight-chain paraffins in the final 
fuel product. 

111011-DENSITY JET FUELS MADE FROM ITSL AND 
CTSL COAL SYNCRUDES 

As reported in a separate article in this issue 
("Alternate Routes Compared for High-Density Fuels 
From Coal"), a variety of coal liquefaction syncrudes 
can be produced to make a naphthenic high-density 
jet fuel. The work on which that article was based, 
however, did not include a complete characterization 
on what seemed to be the most promising syncrude, 
that from the Wilsonville ITSL (Integrated Two-Stage 
Liquefaction) process. Data on the hydrogenation of 
ITSL liquids was recently presented, at the American 
Chemical Society Symposium on the Structure of Fu-
ture Jet Fuels. R. F. Sullivan of Chevron presented 
data on ITSL liquids and also on liquids from the 
CTSL (Catalytic Two-Stage Liquefaction) process. 

The ITSL process developed by Lurnmus Crest, Inc. 
and other Department of Energy contractors, operates 
with a high-temperature first stage (over 800 0 F) with 
no added catalyst. 	 The catalytic second stage is

operated at temperatures below 800 0 F. In contrast, 
the CTSL process, developed by Hydrocarbon Re-
search, Inc., operates with a catalytic first stage at 
temperatures below 800 0 F, and a catalytic second 
stage at temperatures above 8000F. 

Experimental 

Coal-derived syncrudes were catalytically hydrotreated 
in laboratory pilot plants. The goal was to remove 
virtually all of the heteroatom contaminants and to 
hydrogenate most of the aromatic hydrocarbons. 
Then, products were distilled to obtain jet-boiling-
range fractions. In some cases, the oil boiling above 
the jet range was hydrocracked to extinction in a 
second catalytic stage to maximize the production of 
jet fuel. 

Results 

Jet fuels from coal syncrudes were made to meet all 
of the ASTM specifications. To meet the smoke 
point specification of 20 millimeters, most of the 
aromatics had to be hydrogenated. With fuels derived 
from bituminous coal, the smoke point specification 
was met with about 10 liquid volume percent 
aromatics present. For those from subbituminous 
coal, it was met with about is liquid volume percent 
aromatics due to a somewhat higher paraffin content. 

In Chevron's studies, the ITSL syncrudes from 
bituminous coal produced the fuels with the highest 
densities (at given aromatic contents and given boiling 
ranges). They had lowest paraffin contents of any jet 
fuels tested, and contained more material in the high 
boiling portion. Therefore, these fuels had both high 
volumetric energy contents and low freezing points. 

Table	 1 shows properties of	 two	 sets	 of	 jet fuels 
from	 Illinois ITSL	 oil; the	 first	 from simply 
hydrotreating, the	 second from	 hydrotreating	 plus 
hydroeracking. The	 first sample in	 each set boiled 
between 250°F and 550°F; the second, between 350°F 
and 550°F.

The hydrotreated jet fuels met JetA specifications 
except gravity and viscosity. Hydroeracking increased 
the amount of the light fraction (250-350 0 F) in the 
jet-boiling-range product, because the high boiling 
syncrude was converted to lighter products. As a 
result, 250-550°F hydrocracked jet easily met the vis-
cosity specification. Also, only 2 liquid volume per-
cent aromatics remained after hydrocracking, and 
smoke point was above specification (23 millimeters). 

The compound types in the hydrotreated and 
hydrocracked ITSL jet fuels are compared in detail in 
Table 1. Hydrocracking caused a shift in naphthene 
distributions to more rings per average molecule at a 
given boiling point. The hydrocracked jet had a sig-
nificant quantity of four-ring naphthenes, whereas the 
hydrotreated jet did not. 

Liquids from the CTSL process, by comparison, had 
lower naphthene levels and higher aromatics and 
paraffins contents (Table 2). 
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Description	 Ilydrotreated 

Boiling Range, O F 250-550 350550 
Inspections 

Gravity,	 °API 30.0 28.3 
Hydrogen, wt% 13.5 13.4 
Stroke Point, ran 20 20 
Freeze Point,	 O F <-94 <-94 
Flash Point,	 O F 126 NA 
Viscosity,	 cSt at -4 0 F 10.2 NA 
Naphthalenes, LV % 0.07 NA 
Heat of Combustion,

TABLE 1 

JET FUELS FROM IIThWfltEATI?C AND lln)ROawxuc ILLINOIS ITS!. OIL 

Hydrotreated and 
Hydrocracked	 Jet A Spec. 

250-550 350-550 

	

35.1	 31.1	 37 mm. 

	

13.6	 13.3 

	

23	 21	 20 mm. 

	

<94	 <94	 -40 mm. 

	

105	 NA	 100 mm. 

	

6.2	 NA	 8 max. 

	

<0.05	 <0.05	 3 max. 

BTU/gal	 (est.) 134,000 
ASTM 086 End Point, O F 531 
ASTM D2837 Dist., 	 O F (TB?) 

Start/5 221/303 
10/30 340/393 
50 456 
70/90 502/527 
95/99 535/549 

Group Type, LV % 
Total Paraffins 1.3 
Total Naphthenes 90.5 
Total Aromatics 8.2 
Naphthene Distribution 

1-Ring 37.6 
2-Rings 39.8 
3-11ings 13.1 
4-Rings

	

137,000	 130,000	 133,000 

	

540	 NA	 NA	 572 flux. 

	

333/361	 234/267	 335/353 

	

375/417	 286/349	 363/396 

	

450	 393	 445 

	

499/535	 461/521	 484/527 

	

544/555	 535/551	 540/552 

	

0.0	 2.3	 0.5 

	

91.2	 95.5	 96.8 

	

8.7	 2.2	 2.7	 20 max. 

	

36.2	 40.2	 27.7 

	

36.5	 29.7	 32.2 

	

18.7	 20.1	 28.8 

	

5.6	 8.1 
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TABLE 2

ANALYSES OF FRACTIONS OF JEt FUEL FROM amImtEATw WYWAK CtSL OIL 

Boiling Range, OF 

Wt 96 of 250-550°F Product 
LV 96 of 250-550°F Product 
Inspections 

Gravity, °API 
Hydrogen, wt% 
Smoke Point, run 
Freeze Point, OF 
Group Type, LV 96 

Total Paraffins 
Total Naphthenes 
Total Aromatics 
Naphthene Distribution 

1-Ring 
2-Rings 
3-Rings 

Aromatic Distribution 
1-Ring 
2-Rings Total 

lArorn. Ring 
2-Arom. Rings 

3-Rings Total 
1-Atom. Ring

250-300	 300-350 350-400	 400-450	 450-500 500-550 

11.6 16.3 22.0 21.4 21.9 6.8 
12.4 17.0 21.9 21.2 21.0 6.5 

51.1 44.3 36.9 35.3 31.1 30.8 
14.5 14.1 13.6 13.6 13.4 13.4 

38 25 25 23 23 20 
-27 

17.3 13.5 4.9 9.4 7.8 10.9 
79.5 83.9 85.9 80.1 8113 78.5 
3.3 2.6 9.2 10.5 10.9 10.6 

75.2 56.5 49.3 35.3 30.0 28.7 
4.3 27.4 36.0 41.2 38.7 29.9 

0.6 3.7 12.7 19.9 

3.3 2.4 7.4 7.3 7.8 6.6 

0.2 1.6 2.4 1.9 1.6 
0.1 0.7 0.8 1.1 

0.1 0.4 1.3

Conclusions 

Sullivan concludes that very dense jet-boiLUg-range 
hydrocarbons can be obtained by hydrotreating and 
hydrocracking syncrudes made from coal in direct 
liquefaction processes. Heteroatom impurities must 
be removed, and most of the aromatics must be 
hydrogenated at high severity in order to produce 
kerosene jet fuels from coal syncrudes that meet

smoke point and stability specifications. The resulting 
hydrotreated products consist mainly of naphthenes 
containing from one to three rings. if hydrocracking 
is added as a conversion step, some four-ring naph-
thenes are found in the 250-550°F jet fuel products. 
Products from the ITSL liquefaction process from 
bituminous coal had the lowest paraffin contents and 
the highest densities (for a given boiling range and 
aromatic content) of any of the coal liquids studied. 

U # # # 
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INTERNATIONAL 

CZECHOSLOVAKIA PLANS COAL GASIFICATION 
PHASE-OUT 

According to members of the State Planning Commis-
sion for Czechoslovakia, agreement has been reached 
with the Soviet Union for construction of the 
"Progress" long-distance natural gas pipeline from the 
Jamburg region in western Siberia to the Soviet 
Union's western border. Czechoslovakia will obtain 
five billion cubic meters of natural gas per year for 
20 years, beginning in 1989. 

These new supplies will be used mainly for the com-
munal and housing sector, especially in areas with en-
vironmental problems, to substitute for coal producer 
gas used in lighting and for oil used in heating. In 
the western part of the country, coal gas is still used 
for lighting. It is obtained from the pressure 
gasification of high-sulfur brown coal. however, ac-
cording to the officials, this use will be phased out 
by the year 2000. 

Czechoslovakia continues cooperative work with the 
Soviet Union and other socialist countries to develop 
improved methods of brown coal gasification and 
liquefaction. 

The consumption of coal for the generation of 
electricity is expected to drop markedly in the future. 
At present, about 14 percent of the electricity 
demand is produced by nuclear power plants. By the 
year 2000 ) this percentage will rise to 52 percent. 
Because low-calorie, high-sulfur brown coal Is the 
major feedstock, its displacement by nuclear power Is 
considered to have positive environmental effects. 

Czechoslovakia's coal resources have been undergoing 
depletion at a rapid rate, 2.4 percent per year for 
black coal and 4.0 percent per year for brown coal. 
Mining depths are increasing rapidly, seam thicknesses 
are decreasing, and overall quality of the available 
resource Is decreasing. 

U.S.S.R. TO RESUME UNDERGROUND COAL 
GASIFICATION OPERATIONS 

According to the Russian correspondent for the Oil 
and Gas Journal, the U.S.S.R. has reopened an un-
derground coal gasification project in Soviet Central 
Asia that was shut down during the 1970's. 

Located at Angren, Uzbekistan, southeast of Tasjkent, 
the plant gasifies coal in a seam 300 meters deep and 
delivers gas to the nearby Angren electric power sta-
tion. 

Soviet reports say reopening of the Angren project is 
one of the first steps taken by the U.S.S.R. Ministry 
of the Coal Industry to revive the underground coal 
gasification program. The Soviets started underground

gasification of various types of coal from lignite to 
bituminous coal in 1933. 

Angren was one of two commercial scale plants 
known to be operating in the U.S.S.R. as late as the 
mid-1970's. The Journal article suggests that dis-
covery of huge oil and gas reserves in western Siberia 
during the 1950's and 1960's reduced Soviet emphasis 
on research and development of coal gasification 
technology. 

However, the Soviet news agency Tans says that new 
cost data show that it was a mistake to abandon un-
derground coal gasification in the U.S.S.R. 

Teas reported that a metric ton of coal dug from an 
open pit mine near Angren costs six rubles ten kopeks 
(about $9.46 at the current exchange rate) versus five 
rubles fifty kopeks ($6.53) to obtain an energy equiv-
alent volume of gas from the reopened Angren plant. 

NYNAESUAMN PROJECT SUFFERS ANOTHER 
SETBACK 

The Nynaes Energy Chemicals Complex, a coal 
gasification and ammonia project which was also 
planned to provide hot water for Stockholm's district 
heating system, has encountered another setback. 

Under the original plan, the project sponsors were 
Nynaes Petroleum Afia (tile Swedish industrial gas 
group, parent of Nynaes), A. Johnson (the privately 
owned Swedish trading and industrial group), Inves-
teringsbanken (the state-owned Swedish investment 
bank), and Superfos (the Danish fertilizers, chemicals 
and construction materials group). 

Initially,	 the complex was to produce about 
500,000 metric tons per year of ammonia, which Su-
perfos was to market. However, it was previously 
reported (Pace Synthetic Fuels Report, December, 
1986, page 4-39) that Superfos had dropped out of the 
consortium. The project was then reconfigured to 
produce less ammonia, but to produce 250 megawatts 
of electricity. 

Now the board of directors of Stockholm's Municipal 
Energy Department has canceled plans to accept the 
hot water, because it would have required a large ex-
pansion of the hot water system. The board ap-
parently prefers to expand the natural gas network in-
stead. Natural gas is being counted on to become a 
prime energy source to replace nuclear power. 
Sweden has voted to close down all its nuclear power 
plants by the year 2010. 
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NEDO INCREASES GASIFICATION FUNDING, 
REDUCES LIQUEFACTION 

Japan's New Energy Development Organization (NEDO) 
has increased funding for the development of 
entrained bed coal gasification from $12 million in 
1986 to $66 million for 1987. At the same time, 
funding for coal liquefaction has been cut from 
$126 million in 1986 to $88 million in 1987. 

The shift in funding is partly due to a perception that 
coal liquefaction is now less economical than gasifica-
tion. It is also due to a drop in funds received by 
NEDO from the gasoline tax, which have decreased 
with the falling price of oil. 

RUHRKOHLE JOINS BRITISH COAL'S POINT OF AYR 
LIQUEFACTION PROJECT 

Ruhrlcohie, of Essen, Federal Republic of Germany, 
has agreed to become a part sponsor of British Coal's 
coal liquefaction pilot plant under construction at 
Point of Ayr, North Wales, United Kingdom. 

The $55 million pilot plant will process 2.5 tonnes of 
coal per day into gasoline and other products. 
Ruhrlcohle initially will fund five percent of the total 
plant cost. It will have the right to raise its par-
ticipation and to license the technology when it be-
comes commercially viable.

Construction began in early 1986, at the site next to 
Point of Ayr Colliery, near ilolywell, North Wales. 
The main construction contract, let to Simon Carves, 
is due to be completed this year, and the plant com-
missioned. 

British Coal claims its process is almost twice as ef-
ficient as rival methods. It hopes to achieve a 
product slate with an energy efficiency rate of about 
two thirds by a sophisticated liquid solvent extraction 
process. 

In the liquefaction process, coal is dissolved into a 
derived liquid solvent at temperatures of around 
400 0 C and relatively low pressure. The solution 
formed is filtered to remove any undissolved coal and 
mineral matter. It is then passed to a hydrocracker 
where it is treated over a catalyst with hydkogen 
added at pressures of 150-210 atmosphere and a tem-
perature of 425 0 C. After removal of hydrogen and 
other gases the product is distilled to obtain light dis-
tillates. The solvent Is recovered and then recycled 
to the initial extraction stage. 

Total cost of the pilot plant and its operation will be 
spread over eight years.

#4fl 
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ENVIRONMENT 

AMERICA TO BECOME WORLD SHOWCASE OF 
CLEAN COAL TECHNOLOGY: HERRINGYON 

United States Secretary of Energy John Herrington, in 
addressing a gathering of officials from government 
and Industry at "Coal Summit U", held in Lexington, 
Kentucky in April, painted a picture of the United 
States becoming the world showcase for clean coal 
technology. Excerpts from his remarks follow. 

Cool and Energy Security 

Coal has been much in the news lately in the events 
surrounding President Reagan's summit with the Prime 
Minister of Canada. Just prior to the summit, the 
President crossed an important milestone In his effort 
to tackle the problem of acid rain. His historic 
$5 billion clean coal initiative over the next five 
years will guarantee that America will lead the world 
in clean coal technology. 

Coal's most important attribute is its potential to 
take America into the twenty-first century and 
beyond. The most critical energy concern Ave will 
face from now through the 1990's is how to secure 
America's energy needs in the midst of an uncertain 
world oil market. Out chief goal is to reduce our 
dependence on foreign oil. Clearly, coal holds one of 
the keys. 

No natural resource offers greater hope for a future 
of energy security and unparalleled energy strength 
than does coal. 

Cool's Rise and Fall 

The history of America, and American progress, is the 
I of coal.With the coming of the steam engine 
and steam locomotive, and the era of the railroads, 
the production and use of coal in America soared. 
With It began a new era in the history of American 
industrial development. 

But we also know the story of the last half century, 
a period in which coal gradually began to lose its 
dominance as other energy options became more 
readily available. Legitimate environmental concerns 
were raised that have since hamstrung this industry. 
They left Americans with the notion that coal is the 
symbol of our "smokestack' industry -- a resource 
with much to offer in terms of energy and economic 
security, but only at the expense of our environment. 
In the opinion of many, coal is the fuel of the past 
- at best, a stop gap measure to be used only until 
more "high tech" energy options become available. 

Coal's Present Resurgence 

But today coal is back as a viable, and necessary 
component of America's arsenal of energy security. 
It is back because it is an abundant and inexpensive 
source for our current and future energy needs -- and 
because the opportunities are just as ripe to push

back the frontiers of coal technology as they are for 
any other energy option. 

This is good news for America. We have several 
hundred years' supply of coal within our borders. 
Coal accounts for more than 80 percent of the 
recoverable fossil fuel reserves in the United States. 

More than half our electricity -- 56 percent -- is 
generated from coat. During the last dozen years we 
have made tremendous progress in the development of 
coal production and technology. As a result, we have 
had a 78 percent increase in coal consumption since 
1973. 

Clean Coal and Acid Rain 

Our most immediate and pressing concern is coal 
technology that will help this industry finish turning 
the corner on acid rain. When President Reagan net 
with Prime Minister Brain Mulroney of Canada two 
years ago, they both appointed envoys to examine the 
problem of acid rain. The envoys issued a joint. 
report, which the President and the Prime Minister 
both endorsed.	 We are now actively working to 
implement the report's recommendations. 

This administration does not see an inherent conflict 
between coal and the environment. Coal development 
and environmental protection can go hand in hand. 
We have the technology to perform the task, and the 
commitment to guarantee results. 

In February, I released a report called "America's 
Clean Coal Commitment". The report shows how our 
commitment to a clean environment is really a com-
mitment to expanding the frontiers of technology. 
Since passage of the Clean Air Act in 1970, private 
industry in the United States has spent $225 billion to 
control air emissions. 

Environmental Progress 

America is becoming the world's showcase for clean 
coal technology. Without question, our commitment 
to a quality environment -- in terms of both national 
policy and financial Investment -- is unmatched in the 
world. This fact has often been lost amid the intense 
debate that has characterized the acid rain Issue in 
the late 1970's and 1980's. This has been particularly 
true when the debate centered on the role of coal in 
meeting the nation's energy and environmental objec-
tives. The perception has been that America's coal 
industry -- both producers and users -- has often been 
reluctant to invest in the new technology that could 
improve environmental quality and provide more effi-
cient, economical service to consumers. The record 
clearly shows that perception is wrong. As I have al-
ready shown, America's investment in a cleaner en-
vironment is substantial. 

This includes the President's recent request to 
Congress for a total of $2.5 billion In funding for the 
Department of Energy to Implement fully the recom-
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mendations of the special envoys on acid rain. The 
government and industry will share the costs of a 
$5 billion program of innovative technology 
demonstrations to provide options for varying market 
needs. This initiative demonstrates conclusively that 
the United States stands second to none in its com-
mitment to a future that is environmentally clean. 

America's air is cleaner today than It was ten years 
ago. Sulfur dioxide emissions from all sources have 
dropped 25 percent since their peak in 1973. As part 
of this overall reduction, coal-fired power plants have 
reduced sulfur emissions by more than 11 percent 
from 1975 to 1985. At the same time, coal use in 
this same region during the same period increased by 
23 percent. We are, indeed, making progress. 

As a result of research over the last decade, the 
United States has begun to embark on some advanced 
clean coal technologies. They are still in the 
demonstration stage, but they will be available for 
the industry's use at least by the early nineties, if 
not within a few years. They promise to reduce 
emissions by at least 65 percent and possibly 
99 percent. Some of the modifications needed for ex-
isting plants may actually boost power production by 
up to 150 percent. This would help offset rather 
large capital costs and keep to a minimum costs 
passed on to consumers.

The efforts in Congress to impose new legislation to 
address the problem of acid rain are not the prudent 
solutions we need at this time. The President has 
emphasized a comprehensive national research program 
to resolve the scientific uncertainties of acid rain. 
We have set in motion a new program that will con-
tinue to assist in the speedy development of clean 
coal technologies. If we move ahead on the acid rain 
legislation now in Congress, we will Impose major 
costs on consumers and utilities.	 We estimate it
would strap them with at least $2.5 billion, and pos-
sibly $10 billion per year for many years. If the 
legislation passes, domestic coal could be replaced 
with imported oil or natural gas. 

By increasing the world market for American coal, 
the world would be less dependent on unstable oil 
supplies from the Middle East. We should do our best 
to promote America's advanced coal-burning tech-
nologies."
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RESOURCE 

MONTANA CUTS NATION'S HIGHEST COAL 
SEVERANCE TAX 

A Montana law signed by Governor Schwlnden in April 
will result in Montana's coal severance tax being 
reduced to 15 percent by 1991 if the coal industry 
meets a target production of 32.2 million tons In the 
fiscal year beginning July 1, 1987. Should that goal 
be met, the severance tax would drop to 25 percent 
on July 1, 1988; to 20 percent on July 1, 1990; and 
to 15 percent on July 1, 1991. Also under the 
measure any new production over the next two years 
would be taxed at 15 percent. If the goal of 
32.2 million tons is not met, the tax would drop to 
25 percent on July 1, 1989, with a final drop to 
20 percent on July 1, 1990. The target amount was 
arrived at by averaging the annual coal production 
from 1983 to 1986. 

Prior to 1975, Montana's coal severance tax was 
assessed on a cents-per-ton basis. However, the 1975 
Legislature enacted the highest severance tax in the 
nation, which was based on a percentage of the mine- 
mouth price of the coal. Although the percentage is 
tied to the heating quality of the coal, it generally 
amounted to 30 percent for subbituminous coal and 
20 percent for lignite. 

Although tax revenues peaked in 1984/85 (see 
Table 1), it appeared that Montana was steadily losing 
new coal production to Wyoming (Figure 1). Produc-
tion of coal in Montana had hardly changed from 1976 
to 1986, while production in Wyoming had more than 
quadrupled over the same time period. Legislators 
hope the new severance tax rates will alter this 
trend.

TABLE 1 

MONTANA SEVERANCE TAX COLL
ECT

IONS 

Fiscal Year	 Amount 

1975/76 $23,965,000 
1976/77 35,906,000 
1977/78 34,372,000 
1978/79 42,689,000 
1979/80 75,125,000 
1980/31 70,415,000 
1981/82 86,187,000 
1982/83 80,045,000 
1983/84 82,823,000 
1984/85 91,749,000 
1985/86 34,217,000 
1986/87 81.250. 000

$788,743,000

FIGURE 1 
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WYOMING COAL PRODUCTION DROPS FOR FIRST 
TIME IN 18 YEARS 

According to the Wyoming Geological Survey, final 
1986 coal production figures for Wyoming (Table 1) 
show that the state produced 135.7 million tons of 
coal. This ranks Wyoming second in the nation in 
coal production for the second year in a row. Ken-
tucky continued to lead in coal production with over 
160 million tons produced in 1086 while West Virginia 
remained third with almost 130 million tons. Total 
United States coal production of 888.2 million tons in 
1986 was up about 0.5 percent from 1985's 
883.6 million tons. Wyoming coal producers accounted 
for about 15 percent of the United States total in 
1986, down slightly from a 16 percent share in 1985. 

The production decrease in Wyoming in 1986 is the 
first decrease in coal production recorded in the state 
in 18 years. Production was down by 5.0 million tons 
from 1985's record-breaking production of 
140.7 million. 

Eight of the top ten coal-producing mines in the state 
were located in Campbell County in 1986; six of 
these mines produced in excess of ten million tons of 
coal each, and Thunder Basin Coal Company's Black 
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TABLE 1 

1986 WYOMING COAL PRODUCTION
(Short Tons) 

Company	 Mine Name Production 

POWDER RIVER BASIN 

Amex Coal Company Belle Ayr	 (strip) 11,245,901 
Eagle Butte (strip) 12,278,000 

Antelope Coal Company Antelope (strip) 1,709,497 
Ash Creek Mining Company P50 No.	 1 (strip) 20 
Big horn Coal Company Big ibm	 (strip) 1,360,805 
Carter Mining Company Cabalbo	 (strip) 7,272,741 

Rawhide (strip) 12,403,975 
Cordero Mining Company Cordaro (strip) 11,314,275 
Fort Union Coal Company Fort Union (strip) 219,313 
Glenrock Coal Company Dave Johnston (strip) 3,051,331 
Kerr-McGee Coal Corporation Clovis Point	 (strip) 1,435,045 

Jacobs Ranch (strip) 12,050,711 
Mobil Coal Producing, Inc. Cabaibo Rojo	 (strip) 3,989,622 
North Antelope Coal Company North Antelope (strip) 5,689,608 
Rochelle Coal Con-pany Rochelle	 (strip) 3,569,006 
Thunder Basin Coal Company Black Thunder (strip) 21,868,336 

Coal Creek (strip) 1,111,305 
Triton Coal Coiipany Buckskin	 (strip) 3,966,492 
Wyodak Res. Develop. Corp. Wyodak (strip) 2,600,000 TOTAL

117,166,783 

HANNA BASIN 

Annr Semlnoe No. 2 (auger) 96,362 
Arch Mineral Corporation Sonilnoe No. I (strip) 

Serninoe No.	 2 (strip) 543,071 
Carbon County Coal Company Carbon No. I (deep) 163,700 
Medicine Bow Coal Company Medicine Bay (strip) 3,274 
Rosebud Coal Sales Rosebud (strip) 707,021 

ItYFAL 1,513,428 

GREEN RIVER BASIN 

Black Butte Coal Company Black Butte (strip) 5,984,526 
Bridger Coal Company Jim Bridger	 (strip) 6,480,450 
Prospect Point Coal Company Leucite Hills	 (strip) 474,200 
Western Wyoming Fuels Swanson (deep) 777 TOTAL

12,939,953

HAMS FORK REGION 

FMC Corporation	 Skull Point (strip) 
Pittsburg and Midway	 Elkoi and 

Coal Mining Company	 Sorenson (strip) 
TOTAL

BIGHORN REGION 

Northwestern Resource Company 	 Grass Creek (strip) 
TOTAL

905,893 

3,127,668 
4,033,561 

27,344 
135,681,069 
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Thunder mine produced over 20 million tons. The 
Black thunder mine has been the nation's leading 
coal-producing mine since 1982. Production by mine 
is fisted in Table 1. 

The Geological Surveys outlook for coal production in 
Wyoming still remains optimistic (see Figure 1). Coal 
production for 1987 is expected to increase three per-
cent above the 1986 level. This increase in produc-
tion will probably follow the expected national in-
crease in coal production of three percent. Increases 
in the state's coal production in years beyond 1987 
are expected to follow national increases in demand 
for electrical power. Additional electrical generating 
capacity needed in 1937 will be met, as it was in 
1986, primarily by the opening of new nuclear gener-
ating plants (under construction in the early 1980's). 
However, by 1988, most of the planned new nuclear 
generating capacity will have been placed on line and 
new coal-fired generating plants will have to provide 
the majority of the needed additional generating 
capacity for future years. 

DOL AND ENVIRONMENTAL GROUPS REACH 
AGREEMENT ON PREFERENCE RIGHT LEASE 
APPLICATIONS 

Procedures for improved environmental analysis and 
public	 participation	 in processing	 more	 than 
100 remaining coal preference right lease applications 
(PRLAs) were proposed in an agreement reached be-
tween the Interior Department and five national en-
vironmental organizations. 

Steven Griles, Assistant Secretary of the Interior for 
Land and Minerals Management, who negotiated the

agreement, said the procedures, when adopted, would 
be used to determine the future of outstanding PELAs 
in five western states on approximately 264,328 acres 
of federal land, a move he said would "end 10 years 
of uncertainty and controversy". 

The applications are holdovers from the old system of 
granting prospecting permits for coal to applicants, 
who could then obtain noncompetitive "preference 
right" leases if they found workable deposits of coal 
in "commercial quantities" within the permit area. 
That system was scrapped with the passage of the 
Federal Coal Leasing Amendments Act of 1976, at 
which time some 190 outstanding preference right ap-
plications were grandfathered into the current system. 
The number has decreased to 111 today because of 
relinquishments, rejections and issuance of leases. 

Grilas said the proposed procedures were the result of 
more than three years of negotiations with major en-
vironmental groups over the detailed procedures for 
processing the pending applications. 

Background 

The Mineral Leasing Act of 1920 established proce-
dures for preference right leasing. Prospecting per-
mits could be issued to applicants for an area where 
commercial coal deposits were not known to exist. If 
applicants subsequently discovered a coal deposit of 
commercial quantity, they could file for a preference 
right lease.	 The Interior Department reviewed the
PRLA and, if the commercial quantity discovery was 
confirmed, issued a lease noncompetitively. About 
half of the federal coal leases awarded prior to 1970 
were issued under these procedures. 

Litigation 

Preference	 right	 leasing	 was	 administratively
suspended in 1971 and abolished by the Federal Coal 
Leasing Amendments Act of 1976. That legislation, 
however, did not affect those applications already 
filed, which have not yet been processed. 

In 1979 the United States Court of Appeals for the 
District of Columbia Circuit upheld the ruling of the 
United States District Court in NRDC vs. Berklund 
concerning PIILAs. The District Court ruled that the 
Secretary of the Interior has no discretion to refuse 
to issue a preference right lease it a prospecting 
permittee shows a discovery of coal in commercial 
quantities. The District Court also ruled that the 
Secretary must consider environmental costs as part 
of the commercial quantities determination, and that 
the National Environmental Policy Act (NEPA) en-
vironmental process applies to the full proposed action 
of lease issuance, even though lease issuance is not 
discretionary. 

In August 1982, the National Wildlife Federation 
(NWF) filed a Freedom of Information Act request to 
obtain copies of all environmental documents prepared 
on all outstanding coal PRLAs and on the preference 
right leases issued in 1981 and 1982. On the basis of 
their review of these documents, NWF and the 
Natural Resources Defense Council (NRDC) wrote let 
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TABLE 1 

STATUS OF PREFERANCE R1(MF LEASE 
APPLICATIONS

(January 1, 1987) 

Number Nurrber 
State of PRLA's of Acres 

Colorado 9 18,466 
Montana 4 14,673 
New Mexico 26 75,509 
Utah 12 39,549 
Wyoming 60 116,131 

111 264,328

ters citing what were, in their view, serious. 
deficiencies in those documents and in the overall 
processing of coal PRLAs. In a May 1983 letter, an 
attorney representing NRDC stated that the plaintiffs 
would file a contempt of court citation unless the 
department took constructive steps leading to com-
pliance with NRDC vs. Berklund. 

Meanwhile, the Bureau of Land Management (BLM) 
evaluated the environmental documents prepared for 
the coal PRLAs for compliance with the NEPA and 
with the order in NRDC vs. Berklund. Consequently, 
BLM directed that further environmental work be 
done on most of the PRLAs (some were already 
covered in existing environmental documents). 

Negotiations 

Processing of the remaining PI1LAs was further 
delayed pending the outcome of negotiations with the 
National Wildlife Federation and other conservation 
groups. Negotiations with the environmental groups 
began in May 1983 and included the following issues:

# # U U 
- Depth of treatment in Environmental impact 

Statements of alternatives to preference right 
lease issuance discussed in NRDC vs. Berklund 

- Form of mitigation required,	 I. a.	 design 
criteria or performance standards 

- Degree of public review and participation in 
PRLA processing 

- How to comply with the language in the dis-
trict coun ts order that estimated costs of 
compliance with recommended mitigation 
should be included in the environmental 
analysis 

The negotiated agreement calls for the environmental 
groups, after finding the final rules satisfactory, to 
join in a submission to the United States District 
Court to request an amendment to the 1978 order 
which recognizes that processing PRLAs under the 
final rules is in accord with law. The environmental 
groups also agree in the proposed order not to chal-
lenge the 13 preference right leases issued since 1978 
on the basis that the department violated NEPA by 
foiling to follow procedures similar to the final rules. 

The P RLA's still outstanding are summarized in 
Table 1.

U. N. COMMITTEE CHANGES PROPOSED METHOD 
FOR CLASSIFYING WORLD COALS 

A joint United States government-industry delegation 
has persuaded a United Nations coal committee to 
modify a proposed international classification system 
that, in its original form would have reclassified many 
of the interior coalfields in the United States. 

The discussion took place in Geneva, Switzerland, at 
the meeting of the United Nations Economic Commis-
sion for Europe Ad Hoe Coal Committee. 

The coal committee had been prepared to adopt a 
new coal classification system that would have ranked 
world coals by six specific properties. The proposed 
properties had ignored factors such as sulfur content, 
moisture and ash content. The proposed standards 
would have reclassified the bulk of Illinois Basin 
bituminous coal as lower-quality lignite. 

The United States delegation successfully argued that 
including measurements of the sulfur, moisture and 
ash in the classification system would better suit the 
needs of commercial coal buyers and sellers. 

The United Nations coal committee has been working 
intermittently for the past eight years to update the 
30-year old coal classification system. With the ini-
tial impetus provided by the 1973 OPEC oil embargo 
and the resulting surge in international coal trade, 
major coal producing and consuming nations had advo-
cated the adoption of more widely accepted defini-
tions and measurement procedures for world coals. 
This it was hoped, would facilitate the commercial 
buying and selling of coal. 

Later, additional support for an updated international 
classification system came from several governments 
seeking to estimate the amount of useable coal within 
their borders using a common basis for measurement. 
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After meeting several times beginning in the late 
1970's, the Unitecj Nations Ad Hoc Coal Committee 
adopted in principle a coal codification system based 
on six specific properties: 

1. The vitrinite reflectance as a way of deter-
mining the coal's rank 

2. The free-swelling characteristics to indicate 
how a coal behaves when heated 

3. Volatile matter content, another measure of 
rank 

4. Reflectogram characteristics to detect blends 
of more than one coal 

5. Inertinite content, to measure the generally 
non-combustible "filler" in coal 

6. The gross calorific content, to measure heat 
content 

While these measurements are useful in describing 
metallurgical coals used in steel making, they are not 
the principal factor In buying coal that is intended 
for use in generating steam for electric power 
production. Steam coal trade is the largest and 
fastest growing sector of the international coal 
market. 

In addition, the proposed threshold for measuring the 
vitrinite - the primary measure of coal rank -- had 
been set at a level that would have reclassified much 
of the coal in Illinois, Indiana, and western Kentucky 
as lignite. Lignite, because of its lower ratio of heat 
content to weight, Is not often traded Internationally. 

With the codification system scheduled for formal 
adoption at the coal committee's March meeting, the 
United States delegation spent four months preparing 
a counter proposal. All major elements of the United 
States counter proposal were adopted by the 
17 nations attending the coal committee meeting. 

It U tilt

INTERIOR PUBLISHES COAL LEASING PROCEDURES 

The United States Department of the Interior's Bureau 
of Land Management has announced the publication of 
the Handbook of Competitive Federal Coal Leasing 
Procedures that will be used to implement the coal 
program adopted by Interior Secretary Don Hodel in 
February, 1986. 

The handbook includes procedures for conducting 
market analyses, structuring data adequacy reviews, 
and enhancing public participation -- all areas Iden-
tified by two congressionally-directed studies as need-
ing improvement. 

The coal leasing handbook also meets the recommen-
dation of the two studies for the publication of com-
prehensive procedures to ensure consistency in the

federal coal leasing program. A separate document, 
"A Guide to Federal Coal Property Appraisal", deals 
with determining fair market value for federal coal 
tracts. 

The four chapters of the handbook describe: 

1. The competitive federal coal Leasing program, 
from land-use planning to lease issuance. 

2. The regional coal activity, planning process, 
which is largely directed by a Federal-State 
coal team in each of the federal coal produc-
tion regions. 

3. The leasing-by-application process used outside 
designated production regions and to respond 
to emergency requests within the designated 
regions. 

4. Procedures for carrying out the Bureau's pre-
sale, sale, and post-sale responsibilities that 
must be completed before a lease is issued. 

Copies of the handbook and the appraisal guide may 
be obtained from the Bureau of Land Management 
(130), Room 5600, Washington, D.C. 20240. 

#110 

COAL INDUSTRY OPPOSES PROPOSED COAL 
VALUATION REGULATIONS 

Coal valuation regulations proposed by the Minerals 
Management Service (MMS) reflect a radical departure 
from existing rules, and if enacted, would have 
serious inflationary Impacts on the coal market and 
the electric generation industry, a representative for 
the National Coal Association and the American Min-
ing Congress told a Congressional hearing on April 30. 

The MMS, part of the United States Department of 
the Interior, is attempting for administrative con-
venience, to lump coal royalty calculation in with a 
revised oil and gas royalty valuation system, according 
to Terry O'Connor, western regional counsel for 
Peabody Holding Company, Inc. 

O'Connor said the coal industry "cannot understand 
why MMS has attempted to promulgate such an in-
credibly complex overhaul of the federal coal royalty 
calculation program, although M MS has indicated that 
it is attempting to cure alleged improprieties in the 
federal oil and gas royalty program". 

"There never have been any aliegatioas regarding 
widespread irregularities in the federal coal royalty 
program. The MMS has failed to recognize that the 
coal industry is not the same as the oil and gas 
industry". 

O'Connor told the Mining and Natural Resources Sub-
committee of the House Committee on Interior and 
Insular Affairs that coal industry groups have urged 
the Department of Interior not to proceed with these 
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regulations until It conducts and makes public a 
detailed study comparing and contrasting the oil and 
gas industry with the coal industry from a federal 
royalty management standpoint. 

If the proposed changes in coal royalty calculations 
were approved, an enormous administrative burden 
would be placed on the federal government, 
charged. The M MS has equated "value" to "gross 
proceeds' which results in royalties being assessed on 
extraneous items such as state severance taxes, 
federal Black Lung and Surface Mining Control and 
Reclamation Act fees. Royalties are currently 
12.5 percent of value as specified by the Federal 
Coal Leasing Amendments Act. 

Opposition was also voiced to the revision to include 
take-or-pay payments in the gross proceeds definition 
when coal is not being produced or removed from the 
lease. 

In summary, O'Connor said the proposed regulations 
"are so extreme that they may well result in a long-
term swing away from federal coal purchases by many 
utilities toward fee coal, non-coal or even foreign 
energy sources".
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SOCIOECONOMIC 

GOVERNMENT GRANTS SOCIOECONOMIC AID TO 
GREAT PLAINS AREA 

The United States Department of Energy has promised 
additional socioeconomic aid to the North Dakota Lo-
cal governments impacted by the Great Plains plant. 
After the sponsors of the project withdrew and 
defaulted on government guaranteed loans, 	 the 
Department of Energy took over the plant. As a 
federally-owned entity, however, the plant now pays 
no local taxes. 

To offset the disastrous effect on local communities, 
the Department began paying those communities 
$100,000 per month last year. The new aid, promised 
by A. Wampler, assistant secretary of fossil energy, is 
in the amount of $1.1 million, to be paid at the rate 
of $110,000 per month. Wampler's statement said tSy.j 

have taken this action in full recognition that there 
are considerable legal uncertainties regarding the 
project's tax liabilities between the time of default 
and foreclosure".
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RECENT COAL. PUBLICATIONS/ PATENTS 

PUBLICATIONS 

The following papers were presented at the Fourteenth Biennial Lignite Symposium on the Technology and Utiliza-
tion of Low-Rank Coals held In Dallas, Texas, May 8-21, 1987: 

Bajura, ft., at al, "A Gasification Island Concept System for Low-Rank Coal". 

Van Der Zeyde, T., "Conversion of Lignite to Liquid Fuels by Fischer-Tropsch Synthesis". 

Perry, G. J., at al, "Development of New Uses for Victorian Brown Coal". 

Van Sicicels, M., "Kellogg's KEW IGCC Power General Process". 

Porter, C. R., at al, "ChemCoal Process Recycle Test/Indian Head Lignite". 

Ohuchi, T,, at al, "Isotopic Constraints on the Efficiency of Liquefaction of Low-Rank Coals". 

Philip, C. V., et a], "The Study of the Variability in the Distribution of Chemical Species in 
Coal Conversion Products Using Size Exclusion Chromatography-GC-MS". 

Kim, J. R., at a!, "Catalytic Steam Gasification of Lignite Char". 

Boysen, J., et al, "Laboratory Simulation of Post Burn UCG Contaminant Production". 

Barone, P., "Underground Coal Gasification: An Overview". 

The following papers were presented at the Annual Conference of The Australasian Institute of Mining and 
Metallurgy held in Newcastle, NSW, Australia, May 18-22 0 1987: 

Boger, D. V., et al, "Victorian Drown Coals as Liquid Fuels". 

Shimada, S., et al, "Japanese Experiences in Underground Coal Gasification -- A Review". 

The following papers were presented at the Ninth Symposium on Biotechnology for Fuels and Chemicals held 
in Boulder, Colorado, May 58, 1987: 

Strandberg, G. W., at al, "The Solubilization of Low-Ranked Coals by Bacteria". 

Hatcher, H. J,, at al, "Characterization of Products from Microbial Solubilization of Coal Using 
Gel Filtration, Ion Exchange, and High Resolution Pyrolysis Gas Chromatography". 

Chapatwala, K. D., at al, "Microbial Co-Oxidation to Liquify Coal". 

Ward, B., et al, "Biosolubilization of High-Rank Coals by Fungi and Actinomycetas", 

Conrad, J. R., at al, "Biological Treatment of Coal Wet-Carbonization Wastewater". 

Torrna, A. E, at al, "Kinetics of Biodesulfurization of a High-Sulfur Coal". 

Isbister, J., at a!, "Biological Processes for Clean Coal". 

Scott, C. D., at a], "Biological Solubilization of Coal Using Both In Vivo and In Vitro Processes". 

Pyne, J. W., at al, "Cell-Free Enzymatic Solubilization of Low-Rank Coals", 

Dank, S., at a!, "Biological Production of Alcohols from Coal Through Indirect Liquefaction". 

The following paper was presented at The Second Annual Pacific Rim Coal Conference held in Hong Kong, 
February 2-4, 1987: 

Ann, Y. K., "Coal Gasification Application for Pacific Rim Countries". 
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The following papers were presented at The American Chemical Society 193rd National Meeting held in Den-
ver, Colorado, April 5-10, 1987: 

Kybett, B., et al, "Effect of Solvent Extraction on the Reflectance of Coal and Coal-OH 
Mixtures". 

Kister, 3., at al, "Changes in the Chemical Structure of Low Rank Coal 
after Low Temperature Oxidation or Demineralization by Acid Treatment". 

Huang, S. L., et al, "Structure and Reactivity of a Wyodak Subbituminous Coal". 

Yang, R. V. K., et al, "New Method for Estimation of Activation Energies Associated with Coal 
Gasification Reactions". 

Aids, T., at al, "Chemical Basis for Removal of Organic Sulfur from Coal Via JPL 
Chlorinolysis". 

Vorres, K. S., "Relationship Between Cation Mobility and Acid-Base Behavior in Coal Ash and 
Similar Oxide Systems". 

Chriswell, C. 0., at al, "Removal of Sulfur Dioxide from Hot Combustion Gases". 

Tye, C., et al, "Role of Heat of immersion Calorimetry and Gas Adsorption in Determining the 
Surface Areas of a Thermally Treated Lignite and Supercriticauy Solvent Extracted Low-Rank 
Coal Residues". 

Dyrkacz, G. ft., et al, "Density Separation of Chemically Modified Coal Macerals, a Two-
Dimensional Separation Method for More Homogeneous ii acerals". 

Stock, L. M., "Coal Allcyiation and Pyrolysis". 

Yun, Y, at al, "Role of Vitrinite Macerals in Low Temperature Coal Oxidation Processes". 

Buchanan, B. H., et al, "Effect of Weathering on Solvent Extraction of Coal". 

Riley, J. T., et al, "Self-Heating of Coal in Barges". 

Olson, E., et al, "Preparation and Reactivity of Latexes from Low Rank Coals". 

Derbyshire, F. J., et al, "Dry Catalytic Liquefaction of a Subbituminous Coal:	 Structural
Inferences". 

Hippo, E. 3., at a!, "Measurement of Water Tightly Bound by Low Rank Coals". 

Green, T. K., at al, "Solvent Swelling Behavior of AICI 3 -Treated Coal Molecules". 

Rooney, P., et al, "Studies on the Reaction of Coal with Ethoxycarbonyi-Carbene". 

Reucroff, P. 3,, et al, "Gas and Vapor-Induced Coal Swelling". 

Siemieniewska, T., et al, "Influence of the Supercritical Toluene Extraction of Brown Coals on 
the Development of Porosity During Carbonization and Steam Gasification", 

Aida, T., et al, "Elucidation of Chemical Processes in Coal Liquefaction: 	 Effect of Radical 
Quenchers". 

Bocicratli, B. C., "Catalyzed Coal Conversion in Supercritical Fluids". 

Jones, M. B., at al, "Intrinsic Viscosity of Lignite-Derived Preasphaltenes and Model Compounds". 

Moroni, E. C,, "New Fuels Via Direct Coal Liquefaction". 

Snape, C. E., at al, "Catalytic Hydrocracking of Tar Vapors In Hydropyrolysis". 

Stenberg, V. I., et al, "Role of Iron Vacancies in Pyrrhotite-Catalyzed Liquefaction Using 
and CO".
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Sweeny, P. 0., at al, "Effect of Temperature Programming on the Liquefaction of Indianhead 
Lignite in an inorganic (H 2 S-11 2 0) Solvent System". 

Kyotani, T., at al, "TPD Study on i1 2 0-Gasified and 0 2-Cheniisorbed Coal Chars". 

Van Heek, K. H., at al, "Kinetics of 0 2-Chemisorption on Chars and its Relevance to Char 
Reactivity". 

Khan, M. R., "Reactivity of Low-Temperature Chars: Significance of Active Surface Area as a 
Reactivity Parameter". 

Rozelie, P. L., et al, "Effect of Weathering on the Gasification of Anthracite". 

Hirschon, A. S., at al, "Enhanced Catalysts for Ilydrodenitrogenation of Coal Liquids". 

Sullivan, R. F., "High-Density Jet Fuels from Coal Syncrudes". 

The following articles appeared in Energy & Fuels, Volume 1, Nos. 1 and 2, a new American Chemical 
Society Journal: 

Oht.suka, V., at al, "Iron-Catalyzed Gasification of Brown Coal at Low Temperatures". 

Gerstein, B. C., et al, "Mobilities of Hydrogen In Solvent-Swollen Coals. 	 A Study by Pulsed
N Mn". 

Stock, L. M., et al, "Pyrolysis of 0-Methylated Illinois No. 6 Coal. Reaction Pathways". 

Reucroft, P. J,, at al, "Effect of Pressure on Carbon Dioxide Induced Coal Swelling". 

Wilson, B. W., et al, "Microbial Conversion of Low-Rank Coal:	 Characterization of	 a
Biodegraded Product". 

Graff, R. A., et al, "Modification of Coal by Subcritical Steam: 	 Pyrolysis and Extraction
Yields". 

Stansberry, P. 0., at al, "Influence of Solvent-Free Catalytic Hydrogenation on the Thermoplastic 
Behavior of Coals". 

Eatough, D. J., et al, "Thermodynamics of Molecular interactions in Model Coal Liquids. Values 
for the Interactions among m-Cresol, Quinoline, and Aniline in Decane at 25°C". 

White, C. M., at al, "Relationship Between Refractive Indices and Other Properties of Coal 
Hydrogenation Distillates". 

Serb, M. A., at a!, "Kinetics of Volatile Product Evolution in Coal Pyrolysis: Experiment and 
Theory". 

Meuzelaar, H. L. C., et al, "Effect of Low-Temperature Oxidation on Time-Resolved Pyrolysis 
Mass Spectra of Hiawatha Coal". 

Lynch, L. J., et al, "Molecular Mobility During Pyrolysis of Australian Bituminous Coals". 

McMillen, D. F., et al, "hydrogen Transfer-Promoted Bond Scission Initiated by Coal Fragments". 

Ruether, J. A., et al, "Effect of Water and Hydrogen Partial Pressures During Direct Liquefac-
tion In Catalyzed Systems with a Low Solvent-to-Coal Ratio". 

Satterfield, C. N., at al, "Effects of Poisoning a Fused Magnetite Fischer-Tropsch Catalyst with 
Dibenzothiophene". 

Bockrath, B. C., at a!, "Solvent Swelling of Liquefaction Residues". 

Yokono, T., et al, "Evaluation of Nondonor Polyaromatic Solvents for Dissolution of Coal". 

Larsen, J. W., et al, "Hydrogen Bonds from a Subbituminous Coal to Sorbed Solvents: An In-
frared Study".
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The following papers were' . presented at the Fourteenth Energy Technology Conference held in Washington, D. 
C., April 14-16, 1987 

Byam, J. W., et al, "Coal-Fueled Gas Turbines: Progress and Opportunities". 

Carpenter, L. K., et a!, "Coal-Fueled Diesels: Technology Development". 

The following papers were presented at the Alternate Energy '87 Conference held In San Francisco, Califor-
nia, April 8-10-1987: 

Thompson, B., "Electricity Production Via IGCC Systems". 

Lumphin, R., "Reent Progress in Direct Coal Liquefaction". 

The following papers were presented at the American Institute of Chemical Engineers 1987 Sprini National 
Meeting and Petro Expo '87 held in Houston, Texas, March 29-April 2, 1987: 

Weaver, D., at al, "Electrochemical Removal of 11 35 from Coal Syngai: Nickel Cathode Perfor-
mance at 650°C".  

Rousseau; R. W., at al, "Conditioning Coal Gas with Potassium Carbonate: System Perfdrmance 
and Modeling'. 

Zabransky, R. F., et al, "A Mechanistic Study of Coal Pyrolysis with Modified Coals". 

COAL - PATENTS 

"Process for Assessing Coke Micro-Reactivity"; Joseph 'GoleSka, Edward K. Harrison, Edmund P. Mills, 
Roy Nichols - Inventors, Coal Industry Ltd., United States Patent 4,643,977, February 17 1987. . Micro-
reactivity of cokes can be estimated by carbonizing a small sample of powdered coal to form a char 
and until constant weight at a desired test temperature, then measuring weight loss in a given time. 

"Process for Electrochemically Gasifying Coal Using Electromagnetism", Thomas E. -Botts, James R. 
Powell - Inventors, United States of America Department of Energy, United States Patent 4,643,809,s. 
February 17, 1987. A process for elect ruche mically gasifying coal by establishing a flowing stream of 
coal particulate slurry, electrolyte and electrode members through a transverse magnetic field that has 
sufficient strength to polarize the electrode members, thereby causing them to operate in combination 
with the electrolyte to electrochemically reduce the coal particulate in the slurry. Such electrochemi-
cal reduction of the coal produces hydrogen and carbon dioxide at opposite ends of the polarized 
electrode members. Gas collection means are operated in conjunction with the process to coii4ct the 
evolved gases as they rise from the slurry and electrolyte solution. 	 . 

IGasificatlo,:a of Coal", Philippus J. Meyer - inventor, Sasol Operations Proprietary Ltd., United State1-
Patent 4,643,109, February 17, 1987. A fixed bed dry bottom coal gasifier has a cylindrical wall 
providing a gasification chamber for gasifying coal to produce synthesis gas. it also has a coal lock 
above the chamber. The coal lock has a coal discharge opening leading into the chamber. A gas out-
let leads from the chaMber at a high level. The gasifier further includS a first static coal distributor 
located in the kasification chamber below the coal discharge opening of the coal lock and a second 
static coal distributor located below the first coal distributor. The first coal distributor has an upper 
opening spaced with vertical clearance from the coal discharge opening, a lower opening spaced from 
the upper opening, and an upwardly directed peripheral coal distributing surface flaring downwardly 
outwardly from said upper opening and extending beyond the vertical projection of the periphery defin-
ing the coal discharge opening. The second coal distributor also has an upper opening and a lower 
opening, its upper opening being spaced with vertical clearance from the lower opening of the first 
distributor. The second distributor has a passageway extending from its upper to its lower opening 
through which coal can be distributed into the space below the first distributor. 

"Combined Gas-Turbine Plant Preceded by a Coal Gasification Plant", Bernard Becker, Konrad Goebel - 
Inventors, Kraftwerk Union, United States Patent 4,651,519, March 24, 1987. Combined gas 
turbine/steam turbine plant, in which the exhaust gas line of the gas turbine block containing an air 
compressor, combustion chamber, gas turbine and generator is connected on the primary side to a 
steam generator which, in turn, comprises parts of the steam turbine block which also contains a high 
pressure and a low pressure turbine, a condenser, a feedwater tank and a feedwater pump. The com-
bustion chamber of the gas turbine block is connected to the output of a coal gasification plant, the 
air separation unit which has an outlet for the separated nitrogen and the gasifier. The gasifier is fol-
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lowed by a steam generator for utilizing the raw gas heat and a heat exchanger for heating the 
purified gas by the raw gas. The steam generator arranged ahead of the raw gas/purified gas heat 
exchanger is designed as a high pressure steam generator, the secondary output of which is connected 
to the output of the steam generator of the steam turbine block. The raw-gas/purified-gas heat ex-
changer is followed by a low pressure steam generator. The secondary output of which is connected 
to the low pressure part of the steam turbine. The nitrogen outlet of the air separation unit located 
in the coal gasification plant is connected exclusively to the purified gas line leading to the combus-
tion chamber or to the burners in the combustion chamber. 

"Method for the Recovery of Minerals and Production of By-Products from Coal Ash", Robert A. Ash-
worth, Wes W. Berry, Antonio A. Padilla, Larry A. Rodriguez, Rae A. Schmeda, Ned B. Spake - Inven-
tors, Florida Progress Corporation, United States Patent 4,652,433, March 24, 1987. The method of the 
present invention is a novel comprehensive process for maximizing the recovery of valuable mineral 
values from coal ash. Options may also be included for the production of saleable inorganic chemical 
by-products. The process employs both physical and chemical extraction techniques that maximize the 
yield of products while reducing the quantity of waste produced. Valuable minerals and chemicals such 
as cenospheres (hollow microspheres), carbon, magnetite (FE 3 0 4 ) 1 alumina (Al 2 0 3 ), iron oxide (FE203) 
and iron chloride (FECL 3 ) may be produced. Due to removal of carbon, magnetite, and iron oxide 
from the coal ash, the processed ash comprises a quality pozzolan. 

"Integrated Fuel-Ceu/Stegm Plant for Electrical Generation", Michael S. ilsu - Inventor, Massachusetts 
Institute of Technology, United States Patent 4,644,751, February 24, 1987. An electrical generating 
plant of high efficiency utilizes a conventional steam plant powered by a fossil fuel such as coal, gas 
or oil, in internal integration with a high temperature solid-oxide fuel-cell. In one embodiment, the 
spent fuel and the waste heat from the fuel-cell of electrochemical action is made directly available 
to the combustion furnace of the steam plant for thermodynamic extraction. The system can achieve 
efficiencies up to 65 percent compared to ordinary steam plants which have an efficiency of about 
35 prcent. 

"Methods of Producing Synthesis Gas by Underground Gasification of Coal Using Specific Well 
Configuration", Luis E. Arri, Bruce W. Gash, Elton B. Hunt, Jr., David R. Parrish - Inventors, Amoco 
Corporation, United States Patent 4,648,450, March 10, 1987. Underground coal gasification process 
containing a novel system of injection and production wells. Specifically, the injection well is posi-
tioned at an angle with respect to horizontal of less than the angle of repose of loose coal and char 
for the particular coal seam, and the production well is positioned at an angle with respect to horizon-
tal of greater than the angle of repose but less than 90 0. This system protects the injection well 
during the process and places the production well in a position for maximum production while relieving 
it of certain tensile and shear stresses. 

"Coal Gasification Reactor of the Type Employing a Bath of Liquid Metal", Jean Cordier, Marcel 
Lemaire - Inventors, Union Siderurgique du Nord et 1 Est do Is France Usinor, United States Patent 
4,649,867, March 17, 1987. This reactor for the gasification of solid fuels in the powdered form, of 
the type employing a bath of liquid metal comprises: a substantially cylindrical vessel which has a 
substantially oblong section and lateral wails and a bottom wall which are lined with a refractory 
lining. This vessel further comprising an orifice for discharging the bath of liquid metal, and an 
orifice for discharging slag supernatant on the bath of liquid metal, a dome positioned in a sealed 
manner on the vessel and having in its upper part in the vicinity of one of the ends of the vessel a 
sealed box for introducing an injecting branch and, also in its upper part, but at the opposite end of 
the vessel, an orifice of large section for exhausting the gases produced, and a roughly central orifice 
for introducing additional elements; and means for cooling the lateral wails and the bottom wall of the 
vessel and the dome.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECT'S (Underline denotes changes since March, 1987) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States Depart-. 
ment of Energy (DOE) (C-IS) 

EPRI assumed responsibility, for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for 
filtration which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology develop-
ment at Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to 
produce a No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are 
removed in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more 
easily refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment 
in the second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconver-
sion, and (2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separat-
ing the process into two stages rather than one keeps the hydrogen consumptionto a minimum. Also, mineral and heavy organic 
compounds in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the 
catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gen-
erating 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 
MAY. This represents substantial improvement over single stage coal liquefaction processes. 

More recently, tests at Wilsonville concentrated on testing both types of coals with the deashing step relocated downstream of the 
catalytic hydrotreatment. Results showed that previous improvements noted for the two-stage approach were achievable (no loss 
in catalyst activity). Lower product cost was indicated for this reconfigured operation in that the two reactor stages may be 
coupled as part of one system. The results from the reconfigured operation also indicated the potential for further improvements 
in product quality and/or productivity through use of the coupled-reactor approach. This was confirmed in the latest test which 
used a truly coupled, two-stage thermal-catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The 
nickel based catalyst (AMOCAT 1-C) was developed by Amoco Corporation, a program co-sponsor. In that test, coal space 
velocity was increased by 60 to 90 percent over previous operations, while catalyst productivity doubled. Furthermore, an im-
proved 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 MAY distillate yield. For subbituminous coal, additional thermal volume was used, 
resulting in a 61 percent MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active 
second stage catalyst. The concept of using nickel based catalyst in both reactors is being tested in 1987. If successful, aced 

Project Cost: Construction and operating costs (through calendar 1985): $97 million 

ADVANCED FLASH HYDROPYROLYSIS - Rockwell International and United States Department of Energy (C-180) 

The CS/K (Cities Service and Rockwell) process is based on flash hydropyrotysis (FHP) of finely pulverized materials (e.g., coal, 
peat, or oil shale) in single-stage, short-residence-time, entrained-flow reactors. The slate of synthetic fuels produced from coals 
depends on the severity of the Fli p reactor operating conditions and the reactor residence time. Low severities and very short 
times favor yielding an essentially liquid syncrude, along with modest yields of gases (e.g., CO, CH4, C's, C's, etc.). High 
seventies and long residence times favor production of all gaseous products, predominantly CH 4' 

At intermediate seventies and 
times, the heavy syncrude components are hydrocracked to light, predominantly aromatic liquids. Under certain conditions, there 
is a substantial yield of high-purity benzene as the sole by-product, and it can be upgraded readily to chemical-grade quality. 

Rockwell has studied coal hydroliquefaction and hydrogasification in 1/4- and I-ton per hour engineering-scale reactor and 
process development systems under several DOE contracts. The liquefaction work, performed in four discrete phases beginning 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

in 1975, was brought to a close in 1982 With the publication of two comprehensive final reports. These summary reports include a 
preliminary design study for a commercial CS/R hydropyrolysis coal liquefaction plant performed by Scientific Design Company, 
Inc., and significant work by Cities Service in characterizing FlIP coal liquids. 

For high-DTU coal gasification, DOE awarded Rockwell an $18 million contract in 1978 to design, construct, and operate an 18-
ton per day integrated hydrogasification PDU at Rockwell's Santa Susana Field Laboratory near Canoga Park, California. Con-
struction of the IPDU was interrupted in F? 1982 when the facility was about 60 percent completed. Rockwell restructured the 
project into a joint DOE/private industry program, with Rockwell heading a consortium of private sector participants. This 
program used the existing I ton per hour process development system and involved a test program designed to investigate process 
improvements proposed by Rockwell. The restructured program resumed in May 1983 with the design of facility modifications to 
permit short-duration (Ito 2 hours) hydrogasification testing. The facility accommodates hydrogasifier reactors With residence 
times in the range of 2 to 6 seconds when coal is fed at a nominal 1/2 ton per hour into reactors at 1,000 psia pressure. The 
program lasted through May 1985 and included 5 months of reactor performance testing. 

The program was successfully completed and a final report prepared in the October 1986 has been written. The report has not 
been published, but DOE may release it in draft form to interested parties. 

In October 1982, DOE awarded Rockwell a $0.6 million contract for experimental evaluation of hydroretorting of eastern oil shale 
in a CS/R hydropyrolysis reactor. Reactor testing covered a range of temperatures (1,098— to 1,422—F) and residence times (67 
to 211 ms) at a pressure of 1,000 psia. Carbon conversions as high as 70 percent were achieved with oil yields up to 19.0 gallons of 
raw liquid per ton of oil shale (50 percent above Fischer assay). Testing was followed by the performance of a conceptual process 
and economic study for a 50,000 barrels per day shale oil plant, using a selected operating point from the test data. The resulting 
20 year average cost of product oil was estimated at $35.20 per barrel in first quarter 1983 dollars (C.F. Braun guidelines, utility 
financing). 

The advanced flash hvdronvmlvsis oroaram is currentl y inactive 

Project Cost: See Above 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-17) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near 
Johannesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600—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 IC's low 
pressure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

A fluidized bed combustion system is presently being commissioned at the plant to overcome problems of ash disposal. The 
proposed system will generate additional steam, lower utility coal consumption, and reduce requirements for land for ash handling 
and burial. 

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. 

AEC] has also pursued development programs to promote methanol as a mute to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked 'DIESANOL' by 
AECI. 'DIESANOL' has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number 
of countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of am-
monia and extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPALACHIAN PROJECT - The M. W. Kellogg Company, and United States Department of Energy (C-19) 

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (IGCC) sys-
tem. The project, to be located in Pennsylvania, will feature Kellogg's KRW ash agglomerating fluidized-bed gasification process. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

One KRW gasifier operating in the air-blown mode will convert 485 tons per day of bituminous coal into a low-BTU fuel gas for 
use in an advanced combustion turbine generator. Steam generated from the combustion turbine exhaust and from the gasifier 
heat recovery system will be fed to a steam turbine generator. 

The 60 megawatt demonstration project will feature a hot gas cleanup system which delivers fuel gas at 1,000— to 1,200 — F to the 
combustion turbine, thus avoiding inefficient lower temperature cleanup processes. This system uses in-bed desulfurization and a 
hot-sulfur-removal polishing step consisting of a zinc ferrite sorbent bed. Particulates will be removed by a filter. 

The system, if demonstrated as proposed, would be highly efficient with heat rates around 7,800 BTU per kilowatt hour. Various 
sizes of commercial plants can be configured by using the 60 megawatt module that will be demonstrated. Other applications for 
the system are cogeneration and retrofit of combustion turbines and gas-fired combined cycles. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost; Not Disclosed 

BO1TROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, VEBA Oct AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology of the Federal Republic of Germany (C-os) 

During operation of the pilot plant the process improvements and equipment components have been tested. The operation of the 
large-size hydrogenation reactor with a volume of 15 cubic meters since March 1985 as an intermediate step toward industrial ap-
plication has led to an increased oil yield. In 1986 an integrated refining step was installed in the liquefaction process. By this 
new mode of operation, high-grade refined products are produced instead of crude oil. Furthermore, the oil yield is increased to 
55 perceiit. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 

The coal oil plant Bottrop will run on coal until mid-1987 to test the integrated refining step to demonstrate a further increase of 
oil yield and specific coal throughput. The quality of the coal oil produced will be suitable to be fed into mineral oil refineries 
directly. 

The project is subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM750 million (by end-1986) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Department of Energy, British Coal, Ruhrkohle (C-690) 

British Coal is building a pilot plant utilizing the Liquid Solvent Extraction Process developed in a small pilot plant capable of 
producing 0.1 ton per day of liquids. In the process, a hot, coal-derived solvent is mixed with coal. The solvent extract is filtered 
to remove ash and carbon residue, followed by hydrogenation to produce a syncrude boiling below 300—C as a precursor for 
transport fuels and chemical feedstocks. Economic studies, supported by Badger, Ltd. 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 economi-
cally most coals and lignite and can handle high ash feed stocks. British Coal is proceeding with the design and construction of a 
2.5 tons per day plant at the Point of Ayr site financed by the British Coal with support from the European Economic Com-
munity. Limited private industry and British Department of Energy support is expected. Following a design phase carried out by 
Babcock Woodall-Duckham Ltd., construction started at the beginning of 1986, with Simon Carves Ltd., being the Main Plant 
Contractor. 

Project Cost; 
18 million British pounds (1986 prices) construction cost plus 18 million British pounds (1986 prices) operating costs 

BRITISH COAL LOW BTU GASIFICATION PROJECT - British Coal (formerly National Coal Board) (C-700) 

British Coal is developing a spouted fluidized bed gasifier to produce a low BTU gas. When operated at atmospheric pressure 
the system is aimed at on-site generation of gas for industrial application. A pressurized version is intended for use ma combined 
cycle power generation system where it would be used in conjunction with a fluidized bed combustor. Work is currently centering 
on developing the gasifier for the industrial gas market and the technology is licensed to Otto-Simon Carves. A 12 ton per day 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

demonstration plant financed by British Coal and the European Community is being tested. The initial program will be com-
pleted early in 1987. A further two year program has been agreed with the EEC to be completed in 1989. Further assessment of 
the use of the gasifier in a combined cycle power generation system is now being undertaken prior to a decision to embark on 
pilot scale testing. 

Project Cost: Not disclosed 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-75) 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) ad-
ministered by the Australian Federal Government. 

Project Cost: Not disclosed 

CAN DO PROJECT - Continental Energy Associates (C-85) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SEC) 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 
Pennsylvania Power & Light Company over a 20 years period. Steam will also be produced which will be available to industries 
within Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

The new facility will be operated by the Continental Energy Associates 

Project Cost: $53 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Company (C-90) 

In April 1977, Caterpillar announced plans to construct two, two-stage coal gasifiers at its York, Pennsylvania plant to fuel heat 
treating furnaces. Gas with a heating value equivalent to about 2.2 million standard cubic feet per day of natural gas could be 
produced. The plant is a two-stage, low-pressure system complete with gas cleanup. Plant construction began in September 1977. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Construction of a gasifier for the East Peoria, Illinois, plant has been deferred indefinitely although the York installation is 
successful. Plant was completed June 1979, with start-up for debugging in September 1979. Due to an eleven-week strike in the 
last quarter of 1979 and some minor equipment changes that had to be made, debugging was not resumed until May 1980. Tests 
have been run on existing radiant tubes using producer gas with no adverse effect. The system operated from February 1981, un-
til the July vacation shut-down. After vacation, the system was started up but later shut down in September 1982 due to reduced 
production schedules. Start-up date is not rim;;  depends on the price of natural gas and Caterpillar's production schedules. 

Project Cost: $5-10 million. 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-ISO) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continues 
to operate its chemicals from coal complex at design rates in 1987. 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. 

Project Cost: Unavailable 

CHIRIQUI GRANDE PROJECT - Ebasco Services Inc., United States State Department (Trade and Development Program) (C-
155)

Ebasco has delayed its plans to structure a $10 million, 18 month feasibility study of its 4 million tons per year methanol from coal 
project. The delay is indefinite pending improved resolution of trade issues between the United States and Japan combined with 
Japan clarifying its forecasts for future energy development. 

The project, to be located at Chiriqui Grande, Panama, would use either Texaco or British Gas/Lurgi slagging gasification and 
ICI methanol synthesis. A dedicated pipeline would transfer the methanol from the Caribbean side of Panama to the Pacific side 
for VLC tanker delivery to Pacific Rim countries. Feedstock is 20,000 tons per day of imported high-sulfur Illinois coal. The 
methanol product is slated for Japanese utility markets as a clean burning alternate fuel instead of direct firing of coal. The coal 
based methanol would be used in combined cycle power plants or for repowering existing units. The economics of coal based 
methanol firing in combined cycle units and the associated reduced environmental impacts highly favor such use. 

Project Cost: $10 million (study) 
$3.2 billion (project) - 1984 dollars 

COALPLEX PROJECT - AECI (C-190) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. The five processes 
include calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide and water, brine 
electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl 
chloride polymerization to PVC. Of the five plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COGA-1 PROJECT - Coal Gasification, Inc. (C-195) 

The COGA-I project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
over I million tons of coal per year and will produce 500,00 tons of ammonia and 500,000 tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (IGT). When completed, the COGA-I plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James It Thompson announced a $26 million state and local incentive package for COGA-1 in an attempt to move the 
$600 million project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, 
and the Norwegian fertilizer firm Norsk-Hydro, are currently working to complete the financing package for the facility. 

Project Cost: $600 million
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COOL WATER COAL GASIFICATION PROJECT - Participants (Equity Owners): Bechtel Power Corporation, Electric Power Re-
search Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, and Texaco 
Inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) and Sohio Alternate Energy Development Com-
pany (Sohio) (C-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco Coal Gasifica-
tion Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General Electric com-
bined cycle unit to produce approximately 120 megawatts of gross power. The California Energy Commission approved the state 
environmental permit in December 1979 and construction began in December 1981. Plant construction which took only 23 years, 
was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A five-year 
demonstration period is underway. Once the first stage (demonstration) of the program is completed in June 1989, Southern 
California Edison plans to undertake commercial operation of the facility if the economics are favorable and permits for con-
tinued operations are received. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their current commitment is $69 million. Bechtel Power Corporation was selected as the prime 
engineering and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 
million to the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 mil-
lion to the Project, GE will be the supplier for the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo 
Electric Power Company, Central Research Institute of the Electric Power Industry, Toshiba CCI? Corporation and IHI Coal 
Gasification Project Corp. signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. 
ESEERCO and Sohio Alternate Energy Development Company are non-equity , contributors to the project, having signed con-
tributor agreements on January 20, 1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million 
project loan with a $6 million in-kind contribution by SCE of facilities at SCE's existing generating station in Daggett, California 
completes the $263 million funding. 

A supply agreement was executed with Airco, Inc. on February 24, 1984 for Airco to provide "over-the-fence' oxygen and 
nitrogen from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's first solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SFC because it did not pass the 'credit elsewhere" test (the 
SEC believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price 
support under the SEC's 

second solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that the 
project had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. 
On April 13, 1983 the sponsors received a letter of intent from the SIC 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 com-
missioned in April 1985. 

A Utah bituminous coal will be utilized as 'the Program' coal and will be burned at all times that the facility is not burning an al-
ternate test coal. The Program will test up to 8 different coal feedstocks on behalf of its Participant companies. 

Thus far, a 32,000 ton Illinois No. 6 coal test (nominal 35 percent weight sulfur) and a 21,000 ton Pittsburgh No. 8 coal test 
(nominal 2.0 percent weight sulfur) have been completed. Energy conversion rates and environmental characteristics while run-
ning the high sulfur coal are essentially the same as those observed while burning the low sulfur Utah bituminous. An Australian 
High Ash Fusion Temperature Coal will be tested in early 1988. 

The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first com-
bined cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test 
was successfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through 1986 the gasifier has been on-line for more than 13,000 hours, gasifying over 500,000 tons of coal (dry basis). Ap-
proximately 1.3 billion gross kWh of electricity have been produced. 

The plant is often referred to as 'the world's cleanest coal-fired utility plant' with operations data reflecting NOx emissions of 
0.061 pounds per million BTU; sulfur dioxide emissions of 0.034 pounds per million ETU (97 percent removal), and particulate 
emissions of 0.0013 pounds per million BTU. These emissions average about one-tenth of the allowables under the United States 
Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

Project Cost: $263 million
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COMMERCIAL AND R&D PROJECTS (Continued) 

CYCLONE COMBUSTOR DEMONSTRATION PROJECT - Coal Tech Corporation, Pennsylvania Power and Light Com-
pany, Southern California Edison Company, State of Pennsylvania Energy Development Authority, and United States Department of 
Energy ((>231) 

This proposed project is for a 900 hour test to demonstrate the performance of an advanced, air-cooled, cyclone combustor with 
thy pulverized coal. Two Pennsylvania bituminous coats, containing 2 percent and 3 to 4 percent sulfur, will be tested to demon-
strate that this advanced combustor is capable of burning a variety of United States coals in an environmentally acceptable man-
ner. The technical performance objectives of the proposed project are to demonstrate: (1) 90 to 95 percent coal ash retention in 
the combustor (and subsequent rejection), (2) NOx reductions to 100 ppm or less, (3) sulfur dioxide emission reductions of 70 to 
90 percent, and (4) combustor durability and flexibility. 

The combustor can be adapted to new as well as retrofit boilers; it can be used for converting oil- and gas-designed boilers to 
coal; and it has industrial and utility applications. The Coal Tech Corporation has installed a 30 million BTU per hour (1 ton per 
hour of coal) combustor at the Keeler Boiler Company/Don-Oliver site in Williamsport, Pennsylvania, where a 23 million BTU 
per hour D-tube package boiler designed for oil is available. The 24 month demonstration project will be performed on this 
boiler. On completion of this test effort, then combustor will be offered for commercial use on industrial oil and coal-fired 
boilers. Initial testing of the combustor with a coal/water slurr y fuel beRan in March 1987. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. The four private sector and 
state sponsors will contribute 50 percent of the project cost. 

Project Cost: Not disclosed 

DOW GASIFICATION PROCESS DEVELOPMENT - The Dow Chemical Company (C-242) 

Dow has developed a coal gasification process primarily for the gasification of lignite, western, and other low-rank coals. This 
development originated in a 12 tons per day air-blown pilot plant. In 1983 the pilot plant was modified to a 36 tons per day 
oxygen-blown unit and an 800 tons per day air-blown prototype plant was completed and started up. The prototype unit was 
modified to a 1,600 tons per day oxygen-blown configuration in early 1984. The prototype plant has operated at rates up to 
capacity during 1985. Data from the prototype plant were used to complete the design of the Dow Syngas Project (Dow Chemical 
Company C-245). The process incorporates a Dow-developed entrained flow, slagging, slurry fed gasifier with a unique heat 
recovery technique for high efficiency on low-ranked coal. Also utilized is a newly developed, continuous-slag removal system. 
High temperature heat from the reactor off gas is recovered as high pressure superheated steam. A particulate removal system is 
also incorporated as a basic part of the process. The particulate-free raw syngas is suitable for further processing by a wide 
variety of commercially available processes to provide medium-BTU gas. The medium-BTU gas may be used as fuel or further 
processed to provide chemical synthesis gas, SNG, or liquid fuels. 

The process development stage of this project has been completed. Both the pilot plant and the prototype plant are now inactive. 
Data from the plants have been incorporated into the Dow Syngas Project. 

Project Cost: Unavailable 

DOW SYNGAS PROJECT - Dow Chemical Company (C-245) 

The Dow Chemical Company proposed a project to produce medium-BTU gas from lignite and other lower rank coals using its 
own technology. The proposed plant, to be sited at Dow's chemical plant in Plaquemine, Louisiana, has a nameplate capacity of 
30 billion BTU of synthetic gas per day. Feedstock will initially be 2,300 tons per day of western sub-bituminous coal. Dow 
entrained-bed gasification, Dow Selectamine acid-gas removal, and Union Oil Selectox sulfur recovery will be used. In this ap-
plication the Dow Gasification Process and the associated process units have been optimized for the production of synthetic gas 
for use as a combustion gas turbine fuel. The project requested price guarantees from the United States Synthetic Fuels Corpora-
tion under the third solicitation. During 1983 the project passed the SFC maturity, strength, and technical evaluations and en-
tered Phase II negotiations for assistance. The Board of Directors of the SFC instructed their staff on February 16, 1984 to nego-
tiate a letter of intent for $620 million in price guarantees for the project. The letter of intent was issued on April $ and a final 
contract awarding $620 million to the project was signed by the SFC Board on April 26, 1984. Overall responsibility for engineer-
ing and construction has been assigned to Dow Engineering Company. Engineering is complete and all construction contracts 
have been awarded. As of June 1, 1986 construction was 25 percent complete. Construction is expected to be complete in the 
first quarter, 1987, with start-up to be in the second quarter 1987. 

Project Cost: $75,000,000

SYNTHETIC FUELS REPORT, JUNE 1987 
4-53



STATUS OF COAL PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project Dunn County, North Dakota. Nokota plans to con-
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. Planning for the project is in an advanced 
position. $20 million has been spent, and 12 years have been invested in site and feasibility studies. After thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation is scheduled to release the final Environmental Statement in 1987. The Federal Water Service Contract is expected 
to be approved in 1988. Operation of Phase I of the project is scheduled to begin in 1994. 

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 fol-
lowing mining. Nokota will be working closely with local community leaders, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas 
coproduced. 

Existing product pipelines and nil facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output. Access to western markets for methanol through a new dedicated pipeline to Bellin-
gham, Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will avenge approximately 3,200 jobs per year. When complete 
and in commercial operation, employment 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) begin-
ning in 1990 and mechanical construction beginning in 1991 on a facility producing at one-half the full capacity. Commercial 
operation of this phase of the project is scheduled for 1994. Construction of the remainder of the facility is scheduled to begin in 
1993 and to be in commercial operation in 1996. This schedule is subject to receipt of all permits, approvals, and certifications 
required from federal, state, and local authorities and upon appropriate market conditions for methanol and other products from 
the proposed facility. 

Project Cost: $2.2 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

EBULLATED BED COAL/OIL CO-PROCESSING PROTOTYPE - Ohio Ontario Clean Fuels Inc., Steams Catalytic Inc., IIRI 
Inc., Ohio Coal Development Office, and United States Department of Energy (C-253) 

This project is a prototype commercial coal/oil co-processing plant to be located in Warren, Ohio. Ths plant will convert high 
sulfur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
HR!, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both 
are simultaneously converted to clean distillate fuels. A 'typical" C4-975--F distillate fuel will contain 0.1 percent sulfur and 
0.2 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant is slated for 1990. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: $2173 million
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EDGEWATER STATION LIMB DEMONSTRATION PROJECT - Ohio Coal Development Office, United States Department 
of Energy and United States Environmental Protection Agency (C-258) 

The two part project will develop retrofit acid rain precursor control technologies. The first part is an extension of on-going 
Limestone Injection Multistage Burner (LIMB) testing. Babcock & Wilcox is currently conducting the full-scale demonstration of 
the LIMB technology on a 105 megawatt wall-fired utility boiler in a project co-sponsored by the EPA and the State of Ohio at 
Ohio Edison's Edgewater Station in Lorain, Ohio. The objectives of this project are to demonstrate nitrogen oxide and sulfur 
dioxide emissions reductions on the order of 50 to 60 percent at a capital cost at least $100 per kilowatt less than wet scrubbers. 

The Unit 4 boiler at the Edgewater Station was originally commissioned in 1957, and is designed to burn approximately 45 tons of 
coal per hour. An electrostatic precipitator designed for over 99 percent particulate emission control was installed in 1982. At the 
present time the plant burns a low to medium sulfur coal. 

The second part of the project will evaluate the Conoco Coolside process for sulfur dioxide control. This process involves dry 
sorbent injection/humidification technology downstream of the boiler. The toolside" technology has been tested in a 
1 megawattt field test at DuPont's Martinsville plant. The proposed demonstration will also be done at the Edgewater Station 
and will provide a side-by-side comparison with LIMB. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: $273 million 

FLASH PYROLYSIS OF COAL WITH REACTIVE AND NON-REACTIVE OASES - Brookhaven National Laboratory and 
United Stales Department of Energy (C.340) 

The purpose of this program is to perform a systematic generic study on the flash pyrolysis of coal with reactive and non-reactive 
gases. The result of this task is to establish a reliable data base for the rapid pyrolysis of coal over a range of reaction conditions 
which will be useful for development of processes based on these techniques. The yields and distribution of products are being 
performed in an entrained tubular reactor. The independent variables investigated include type of coal, process gas, pressure, 
temperature and residence time. Other independent variables include coal particle size and gas-to-solid feed ratio. The non-
reactive gases being investigated include the inert gases, He, N 2 and Ar chosen for their wide range of physical properties. The 
reactive gases include H 2, CO H2O and CH4 chosen because they are usually produced when coal is pyrolyzed. The light gas and 
liquid analyses are performed with an on-line gas chromatograph and the heavier liquids and solids are collected at the end of a 
run to obtain a complete mass balance. The data is reduced, correlated, and applied to a kinetic model. The results indicate that 
there is a correlation of increasing hydrocarbon yields with heat transfer film coefficient depending on the type of gas used. The 
reaction of methane with coal indicated significant increases in benzene and ethylene yields. The process has been termed flash 
methanolysis. Work on the program has been comoleted and a final report written. 

A new program has been initiated on mild gasification of coal to heavy oils and tars at milder process conditions of near atmos-
pheric pressure and temperatures below 750 — C. Preliminary experiments have been completed on the tubular reactor with a 

Project Cost: $200,000 

FULARJI LOW BTU GASIFIER - The M. W. Kellogg Company and the Ministry of Machine Building Industry of the People's 
Republic of China (C-375) 

Kellogg's KRW gasification process has been selected by the Ministry of Machine Building Industry in the People's Republic of 
China, for application at their First Heavy Machinery Works located in Fularji, Heilongjiang Province. The gasifier will utilize a 
local lignite coal to produce a medium heating value industrial fuel gas for use at this plant. 

The First Heavy Machinery Works is the largest heavy machinery plant in Asia. The initial plant was designed and built in the 
mid-1950s and has been expanded several times. Currently the plant employs approximately 17,000 people. 

The Fularji plant utilizes a large quantity of fuel gas, primarily for their foundry, heat treating furnaces, etc. A series of 25 Rus-
sian designed fixed bed gasifiers has been built.
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In March 1986 a contract was signed by Kellogg and the Ministry of Machine Building Industry to construct a KRW gasifier at 
the Fulaiji First Heavy Machinery Works. Once proven, additional fluidized bed gasifiers will be installed to replace all of the ex-
isting fixed bed gasifiets at the Fulaiji plant. 

The project is envisioned to proceed in two phases. During Phase I, a single test gasifier will be installed to finalize design 
Parameters at full scale and to verify Chinese equipment supply. Phase II would include the installation of additional gasifiers and 
other auxiliary facilities (waste water treatment, etc.). The proiect is currently in the detailed eneineering and procurement nhase 
with completion of construction in 1988. This early date will be the first commercial scale operation of Kellogg's KRW gasifier. 

The split of responsibility for Phase I is as follows: 

Kellogg has completed all basic engineering services includinc process design and analytical engineering, with detailed 
design of the gasifier to permit fabrication and construction by the First Heavy Machinery Works. Kellogg is also providinc 
specialized components of the gasifier and instrumentation not available in China and advisory services during construction, 
startup, and testing. 

The First Heavy Machinery Works will complete the detailed design of Phase I (except the gasifier) and will fabricate or 
supply and erect all equipment. The First Heavy Machinery Works will also provide all necessary operating and main-
tenance manpower and materials necessary for startup and test operations. 

Each KRW gasifier at Fularji will produce 140 million I1I'U per hour of fuel gas with a lower heating value of 144 BTU per 
standard cubic foot. A single gasifier operating at a pressure of 300 psig, will produce the fuel gas required for Phase I. 

Project Cost: Not disclosed 

GAS REBURNING SORBENT INJECTION DEMONSTRATION PROJECT - Energy and Environmental Research Cor-
poration, Gas Research Institute, State of Illinois Department of Energy and Natural Resources, and United States Department of 
Energy (C-382) 

The Energy and Environmental Research Corporation (EER) intends to demonstrate a combination of natural gas reburning and 
sorbent injection for the control of 502 and NOx emissions from existing coal-fired boilers. Program goals are 60 percent NOx 
control and 50 percent 502 control. Gas reburning is achieved by injection of natural gas (1 5 to 20 percent of the total fuel 
input) above the normal furnace heat release zone to produce an oxygen deficient region in the upper furnace (reburning zone). 
Burnout air is introduced above the reburning zone to complete the fuel combustion. A portion of the NOx produced in the main 
heat release zone is decomposed to molecular nitrogen in the reburning zone. Because the reburning fuel contains no sulfur, 502 
emissions are reduced in proportion to the amount of gas fired. Additional S02 emission reductions are obtained by injecting 
calcium-based sosbents either into the upper furnace downstream between the air preheater and the electrostatic precipitator. 

Three host sites have been selected representing the three major firing configurations currently employed. These are tangential 
(Hennepin, Illinois site), wall-fired (Bartonville, Illinois site), and cyclone (Springfield, Illinois site). Boiler sizes are 80, 117, and 
40 megawatts, respectively. A 54 month program is bein g negotiated. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. The cooperative funding ar-
rangement proposed is DOE one-half GRI one-third, and the State of Illinois one-sixth. 

Project Cost: $30 million over 54 months 

GASIFICATION ENVIRONMENTAL STUDIES - University of North Dakota Energy Research Center (C-390) 

The University of North Dakota Energy Research Center (UNDERC) has onsite an oxygen-blown fixed-bed gasifier that is 
capable of operating on lignite. The slagging fixed-bed gasifier (SFBG) pilot plant provides a large-scale source of lignite-derived 
effluents for subsequent characterization and treatment studies. The ability to produce *representative samples for treatment 
testing from lignite is critical, because lignite will be the feedstock for a number of the first-generation synfuels plants. 

The goals of work at UNDERC are to develop public environmental data of effluent characteristics needed to satisfy permitting 
and siting requirements, and proof of concept on advanced control technologies for fixed-bed gasification of lignite. The principal 
area of uncertainty where research activities should be focused centers around the cooling tower. The most cost-effective ap-
proach is to feed water directly from the extraction/stripping units to the cooling tower, without intermediate biological treat-
ment. This wastewater, however, contains several thousand milligrams per liter of COD after phenolics and other organics are 
reduced to low levels. The behavior of these previously uncharacterized species in a cooling tower with respect to drift, further 
biological activity, and associated fouling, and their effects on the solubility of dissolved solids is unknown. 

To establish the effect of various degrees of pretreatment, UNDERC has installed wastewater treatment process development 
units which simulate commercially available technology. During the first phase of the program, wastewater was processed by sol-
vent extraction and ammonia stripping before being fed to a cooling tower to simulate the processes to be employed at the Great 
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Plains Gasification Plant (GPGP). In the second phase, wastewater pretreatment was enhanced by the inclusion of activated 
sludge as processing, followed by granulated activated carbon (GAC) adsorption, in addition to extraction and stripping, before 
feeding the cooling tower. Phase IT testing was intended to demonstrate that aqueous gasifier effluent can be used successfully as 
makeup to a cooling tower, provided adequate pretreatment has been performed. 

Results from Phase I testing indicated that minimally treated gasifier wastewater used without corrosion inhibitor and biocide ad-
dition is not a suitable feed for a cooling tower operating at 10 cycles of concentration. After operating the tower at 10 cycles for 
50 days, seven: fouling was noted on heat exchanger surfaces. Corrosion rates of 10 to 15 MPY were noted for carbon steel, as 
well as severe pitting (4 to 6 mils deep in the 50 day test). Results from exhaust sampling indicate a significant portion of the 
phenol and ammonia in the makeup water (91 and 81 percent, respectively) were stripped into the atmosphere. Twenty-one per-
cent of the methanol was also stripped. 

Phase If biotreatment of the pretreated (solvent extracted, ammonia stripped) gasifier liquid has been successful. The pilot ac-
tivated sludge unit had a mean DOD reduction of 96 percent and the system displayed good resiliency. Stripped gas liquor further 
treated by activated sludge (AS) and granular activated carbon (GAC) was used as cooling tower feed in Phase II. Following 
these pretreatment steps, this water had a very low organic loading of approximately 150 milligrams per liter of COD. The 
Phase 11 test was terminated April 30, 1984, after a 39 day run. Excessive corrosion rates and flow restrictions were the primary 
factors in the decision to stop the proposed 50 day test. The corrosion and fouling problems experienced in the Phase II test 
provide evidence that AS and GAC treated liquor cannot be used as cooling tower makeup without the addition of an appropriate 
corrosion inhibitor. 

A 50 day Phase III cooling tower test was performed using AS and GAC treated liquor from slagging gasification with addition of 
a zinc-chromate corrosion inhibitor and a polyphosphonate solids dispersant. Using zinc and chromate dosages of 10 ppm in the 
cooling water, carbon steel corrosion decreased to approximately 25 percent of the rates observed in the Phase IT system without 
corrosion inhibitor. At temperatures of 80— to 90—F, carbon steel corrosion did not exceed 7 MPY. Corrosion rates less than 
I MPY had originally been anticipated with the inhibitor dosages used in this system. However, analysis of zinc, chromium, and 
phosphate levels in the cooling water and in deposits showed evidence of polyphosphonate degradation. Because of this degrada-
tion, polyphosphonates were not able to stabilize zinc ion in the alkaline cooling water or effectively disperse solids. 

In order to determine water-specific effects of cooling tower wastewater reuse, a Phase IV test was performed using stripped gas 
liquor (SQL) generated at the Great Plains commercial lignite gasification plant in Beulah, North Dakota. This water had been 
treated by processes similar to those used in pre-treatment of the slagging gasifier wastewater used as makeup for the previous 
Phase I test. The OPOP SQL contained phenol, fatty acid, and ammonia concentrations of 20 ppm, 700 ppm, and 1,300 ppm, 
respectively. In comparison, the SGL makeup used in Phase I contained roughly 150 ppm phenol, 300 ppm fatty acids, and 
500 ppm ammonia. The average rate of heat transfer coefficient loss for carbon steel heat exchanger tubes was four times lower 
in Phase IV using QPGP SQL than in Phase I using slagging gasification SGL Deposit accumulation in these tubes was also sig-
nificantly slower; 1.0 gram deposit per square meter per day in Phase IV as compared to 95 grams deposit per square meter per 
day in Phase I. The microbial population maintained in the the Phase IV system (3 x 100 million per milliliter) was two orders of 
magnitude higher than that maintained during Phase I; this was found to be directly attributable to the high concentrations of 
biodegradable organic acids in GPGP SQL and the presence of sufficient phosphate for bacterial growth. Carbon steel corrosion 
in the Phase IV system was less severe than in Phase I. Rates varied from 5 to 12 mpy, and corrosion was primarily the result of 
localized under-deposit attack. The fraction of phenol air-stripped into the atmosphere was similar in Phases I and IV. In both 
cases, 90 percent of the phenol entering the system was detected in the exhaust. 

Treatment of GPCA SQL in a pilot scale three-stage rotating biological contactor has been completed. Five day biochemical 
oxygen demand (RODS) loading rates tested were 0.9, 1.8, 3.1, and 3.4 pounds BOD5 per 1,000 square feet of disc surface area. 
The mean RODS removals through the three-stages were 95.6, 945, 95.1, and 93.3 percent, respectively. Nitrification was achieved 
only when the pH was lowered from the typical 9.0 to 10.0 to 7.6. 

PDU scale nitrification and denitrification testing of activated sludge treated GPGA SGL has been completed. Solids retention 
times (SRI) of 37, 21, and 12 days were used for determination of the kinetics of nitrification using complete mix suspended 
growth reactors. Denitrification was demonstrated with a 10 day SRT and methanol addition. Ammonia-N removals for nitrifica-
tion at all SRT's were equal to or greater than 97 percent at a mean influent concentration of 523 milligrams per liter NHS-N. 
Denitrification was complete at the influent nitrate-N concentrations of 750 milligrams per liter. 

The Phase V cooling tower test was recently completed using biologically treated GPGP SQL and chemical additives. The SQL 
was treated by the activated sludge process producing an effluent with the following composition: BOD5, 50 milligrams per liter; 
COD, 625 milligrams per liter; and ammonia, 800 milligrams per liter. The additives consisted of Calgon pi-IreeGUARD 
corrosion/scale inhibitor at 10 plan in the makeup and Calgon 1-1-510 isothiazolin biocide in slugs of 100 ppm in the basin. The 
corrosion rates ranged from less than Ito 15 MPY for all metallurgies (carbon steel, 304L SS, 316 SS, Admiralty and brass) un-
der all conditions of flow and temperature tested. No significant biofouling, decreases in heat transfer, or decreases in pressure 
drop were observed. Greater than 94 percent of the influent ammonia was stripped to the atmosphere. No air stripping of or-
ganics was detected. No process problems of any kind were noted during this phase of testing. 
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Project Cost: $1.6 million for annual research Year 2 (April 1984-April 1985) 
$0.9 million for annual research Year 3 (April 1985-June 1986) 
$0.16 million for annual research Year 4 (April 1986-April 1987) 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerlce AG, and 
GfK Gesellschaft fur Kohleverfiussigung MW-I (C-400) 

Until 1984 GfK Gesellschaft fur Kohleverflussigung MW-I, 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 expen-
sin low ash-coals can be processed. 

For this reason since 1984 GfK has conceived a unique process called PYROSOL which can produce liquid fuels at a coal price of 
$US1 per gigajoule competitive to crude oil of $30 per barrel. The PYROSOL process is two-stage, comprising a mild hydrogena-
tion in the first stage followed by hydropyrolysis of the residue in a second stage. 

At present, activities are directed to install a hydropyrolizer in the 6 tonnes per day liquefaction unit. Data to plan a large 
demonstration plant are expected to be available by the end of 1989. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - United States Department of Energy ((>420) 

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 Gasifica-
tion Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of the 
partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the 
FERC decision. In January 1981, the project was restructured as a non-jurisdictional project with the SNG sold on an unregulated 
basis. In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly ac-
cording 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 competing fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced 
that a subsidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's in-
terest 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 sponsors 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, produces an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high BTU pipeline 
quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of carbon 
dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar, oil, phenols, and naphtha to be 
used as fuels. Approximately 14,000 tons per day of North Dakota lignite is required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been operating the plant 
under a contract with the ANG Coal Gasification Company. The plant has successfully operated throughout this period and 
earned revenues in excess of operating costs. For the period January through June 1986 the plant produced an avenge of 
1373 million standard cubic feet per day of high BTU substitute natural gas (100 percent onstream factor). 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/DO are entitled to a summary judgment for foreclosure. A 
foreclosure sale was held on June 30, 1986, and DOE obtained legal title to the plant and its assets. This decision was 
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The defendant pipeline companies are liable to the plantiffs (DOE/DOJ) for the difference between the contract price and 
the market value price and granted the motion for summary judgment determining the validity of the gas purchase contract. 
The pipeline companies have paid all past due amounts. This decision is currentl y under review b y the United States Court 
of Appeals for the Eighth Circuit. 

DOE is continuing to evaluate various options for disposition of the plant. 

Project Cost: $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX - Nitrogenous Fertilizers Industry SA (AEVAL) ((>430) 

AEVAL, a Greek state-owned company, is planning to replace its lignite gasification and ammonia plants at its existing fertilizer 
complex, near Ptolemais, Greece. 

Following a 5,000 tonne full-scale industrial test of Greek xylitic type lignite conducted by TECHNOEXPORT, a Czech state-
owned company, at an existing gasification plant near Usti Czechoslovakia, TECHNOEXPORT has submitted an offer for the gas 
production part of the complex. The technology offered is a fixed-bed gasification technology. 

AEVAL engaged Lummus Crest Inc. (USA) as a technical and economic consultant in order to conduct a detailed feasibility 
study and evaluate the TECHNOEXPORT proposal. Alter the completion of the feasibility study, AEVAL has decided to 
proceed with the project on the condition that a financial grant will be obtained under Greece's investment incentive laws and has 
applied to the competent authorities for its approval. 

The final processing scheme selected would produce 380,000 metric tons per year of ammonia of which about 70,000 metric tons 
per year would be sold to a nearby customer and the remaining would be used in the existing fertilizer facilities and in a new 
1,000 metric tons per day urea plant. 

Project Cost: $480 million 

IIUENXE CGT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (CG1) GmbH, a joint venture of Deutsche 
Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C472) 

CGT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The CGT coal gasification concept consists of the combination of two principal processes of coat gasi-
fication in a specially developed reactor. The characteristic feature of the CGT 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—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 cham-
ber. The product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor (lows 
down into the fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasifica-
tion under pressure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free 
product gas at the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the CGT process consists of three stages. Step 1: (1978-1981)—Planning, construc-
tion, 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 com-
ponent test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage 
were erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage CGT gasification process. The 
process design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The 
component test facility and the 4 tons per hour pilot plant were erected at the site of the BP Ruhr refinery at Huenxe. The test 
work comprises a conceptual test program to the end of 1986. After bringing the facility on line and operating the combined 
fluidized bed with entrained flow gasification, the complete working of the test facility with a reference coal will be carried out 
over the entire operating range. In the following test phases the suitability of different feed coals will be checked out. In connec-
tion with the systematic test program, gasification tests with client coals for specific applications are planned. 

Project Cost: Not disclosed 

IGCC EXPERIMENTAL SIMULATION - General Electric Company (C-480) 

GE is using a 24 TPD, 20 atmosphere coal gasification facility to provide an accurate simulation of an integrated gasification, 
combined cycle (IGCC) power generation system. The plant, located at GE's Research and Development Center at Schenec-
tady, New York, was first operated in 1976. 	 The facility incorporates a fixed bed gasifier developed by GE, to study the 

SYNTHETIC FUELS REPORT, JUNE 1987 
4-59



STATUS OF COAL PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

gasification of highly caking fuels at reduced steam/air ratios under clinkering conditions. In addition complete fuel gas physical 
and chemical clean-up equipment is included, and a turbine simulator is used to evaluate combustion characteristics. 

Theentire system is fully operational and has been evaluated over a wide spectrum of operating conditions and with a range of 
coal types. A test series was completed in which the gasification and cleanup system supplied clean coal-derived fuel to a turbine 
simulator operating at advanced gas turbine firing conditions of 2,600-1 7 turbine inlet temperature and a pressure ratio 12 to 1. 
A $9.3 million DOE program is currently underway to develop the technology base needed to ensure compatibility with the con-
straints imposed by end-use applications. These constraints include dynamic load response to variations in end-use demand, and 
compliance with environmental regulations. The first two years of this program resulted in significant achievements in these 
areas. Operation with sulfur capture in excess of 90 percent was maintained throughout a wide range of system conditions, and 
during major component and system steady state and transient tests. System liquid effluent was characterized, and the 
parametric influence of operating conditions on effluent flow rate and composition was examined. Concepts for further improve-
ment in emissions performance were evaluated at a laboratory scale and facility based experiments were planned. Verification of 
the component models by means of realistic tests on representative hardware has provided verified dynamic models of com-
ponents of an 10CC power generation system. 

Demonstration of operation of an 10CC power plant in a typical utility environment was accomplished in 1983. The fuel plant 
was integrated with a software simulation of combined cycle power generation equipment. The combination was linked by means 
of controls logic typical of a full scale 10CC plant. The resultant power plant simulation was subjected to imposed transient 
demands, contingencies and emergencies of the type that could be encountered in a utility application. 

The 10CC Experimental Simulation Program has been completed with the final DOE reports documenting the study results. The 
technical activities at General Electric CRD have been redirected to the evaluation of a new power generation concept using coal 
gasification with Hot Gas Clean-Up. This project is in the development stages. The ultimate project scope and DOE support 
packages will be developed by the end of 1986. 

(Also see Simplified 10CC Demonstration Project.) 

Project Cost: $93 million 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) (C-SOS) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification 
technology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. A 
50 tons per day brown coal liquefaction plant is under construction in Australia, and a 250 tons per day bituminous coal liquefac-
tion 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 extrac-
tion, direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so 
called NEDOL Process, and NEDO has intended to construct a 250 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-540—C) from the vacuum tower will be hydrotreated at about 350—C and 
100-150 arm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major products will be 
light oil. Residue-containing ash will be separated by vacuum distillation followed by steam stripping. 

Detailed design of the new pilot plant has started. It is expected that the pilot plant will start operation in 1991. The total cost, 
including operations, is expected to be 100 billion yen. 

Project Cost: 100 billion yen, not including the three existing PDU 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANT'S —Union of Soviet Socialist Republics ((>495) 

The Soviet Union is building a large coal-based project referred to as the Xansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-I mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at KATEK to test a catalytic hydrogenation process. Construction 
of the unit began in 1982. Start up of the unit was originally planned for 1984, but has been postponed to 1985 due to equipment 
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design and delivery delays. Preliminary tests indicate that five tons of Kansk-Achinsk brown coal can produce one ton of liquid 
products at a coal 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 EM-175 is being built to test rapid pyrolysis of brown coal from the Borodinskoyc 
deposit. The test unit will have a capacity of 175 tons of coal per hour. The process will produce coke, tar, and combustible 
gases. Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. 
However, a facility to convert the coal tar into fuels and chemicals has not been built. Therefore, the tar will be burned as fuel in 
the adjacent utility. 

A third experimental coal liquefaction unit, ST-5, is under construction at the Belkovskaya mine of the Novomoskovsk Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400—C. A catalyst is used in the process to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of ST-5 was to occur 
in 1984. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-518) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel 
process, low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at 
a pressure of 800 psi. The process produces a pelletized coal, and by-product water and fuel gas. K-Fuel pellets contain 
60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas from 
the process is 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 gen-
erating station near Debit in south-central Wisconsin. For the test Wisconsin Power and Light will purchase the fuel at the cost 
of production, which has yet to be determined but is estimated to be over $30 per ton. If the test is successful, Wisconsin Power 
and Light has the option to invest in the process. The project has been delayed in obtaining long-term financing, but plans to 
resume construction in late 1987. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Project Cost: $90 Million 

KILnGAS PROJECT - Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, United States Department of Energy, Electric Utility 
participants are: Central Illinois Light Company, Electric Power Research Institute, Illinois Power Company, Monongahela Power 
Company, Ohio Edison Company, The Potomac Edison Company, Union Electric Company, West Penn Power Company (C-520) 

The KILnGAS process is based on Allis-Chalmers extensive commercial experience in rotary kiln, high temperature minerals 
processing. A 600 tons per day KILnGAS Commercial Module (KCM) has been installed near East Alton, Illinois adjacent to Il-
linois Power's Wood River Power Station. The plant provides low-BTU (160 BTU per standard cubic foot) gas to the Wood 
River station. Gilbert/Commonwealth Associates, Inc., was the architect-engineer. Construction management was provided by 
J.A. Jones Construction. Scientific Design contributed to the process design. 

The KCM includes a pressurized gasifier which is a 170 foot long by 12 foot diameer rotary kiln. Coal, transported through the 
gasifier by inclination and rotation of the kiln, is progressively dried, pre-heated, and devolatilized by counterflowing hot gases. 
Air and steam is injected through a unique system of ports located along the length of the gasifier and reacts chemically with 
carbon in the hot coal to form hydrogen and carbon monoxide, the primary combustibles in bow-BTU gas. The gas, which leaves 
by both the feed and discharge end of the gasifier, is cooled and passed through a sulfur removal process. Particulates and tars, 
which are rich in carbon, are separated from the gas and recycled to the gasifier to improve carbon conversion efficiency. 

The objectives of the IULnGAS program are: (1) demonstrate system performance in a utility environment; (2) obtain data to 
confirm process design; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) establish a data base 
to proceed with design of commercial plants in the 2,0 to 5,000 tons per day range. The KCM, for which construction was com-
pleted in mid-1983, is used to support these objectives. 

Spanning a period from mid-1983 through late 1985, the KCM has undergone performance testing, demonstration runs, and is 
currently in the first phase of a Reliability, Availability, and Maintainability Program, RAM I. The more significant accomplish-
ments to date are: (a) high-sulfur Illinois coal has been successfully gasified; (b) an Illinois Power Company boiler has been 
successfully fired from KCM-generated gas; (c) carbon conversion efficiencies exceeding 90 percent have been achieved; (d) an 
average of 90 percent total sulfur removal has been accomplished; (e) a wide range of performance, reliability, availability and 
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maintainability improvements has been designed, installed, commissioned, and is undergoing evaluation testing as part of RAM I; 
(1) excellent winter startup and cold weather operating experience under RAM I has been gained for commercial design use. 

The RAM I program concluded in April 1986. A second Phase, RAM II, will extend the program through mid-1987. Total fund-
ing for the program, through Ram I is shown as follows. Funding of $14.91 million for RAM II has been appropriated by 
Congress to match continuing support from electric utilities and the State of Illinois; federal funds are administered through the 
United States Department of Energy. 

Funding through RAM jifi: 
Electrical Utility	 $460 million 
State of Illinois	 35.8 million 
Allis-Chalmers	 114.4 million 
United States Department of Energy	 17.7 million 
EPRI (testing only) 	 5.8 million 

Total	 $219.7 million 

KOIILE IRON REDUCTION PROCESS DEMONSTRATION PROJECT -Weirton Steel Corporation and United States 
Department of Energy (C-543) 

This project will involve a demonstration of the Kettle Reduction process which was developed by Korf Engineering (a Federal 
Republic of Germany company). The process replaces the two-step coke oven/blast furnace approach to producing pig iron from 
iron ore and metallurgical coal with an integrated two component oxygen-blown blast furnace system capable of operation on a 
variety of United States coals. The system consists of an upper 'reduction shaft' and a lower 'melter-gasifier' component. Iron 
ore, along with an appropriate flux (e.g., limestone), is fed into the top of the reduction shaft where it is reduced to sponge iron 
by the off-gas from the lower melter-gasifier section. The lower section is an oxygen-blown fluidized bed coal gasifier. In this sec-
tion the sponge iron is melted and the resulting pig iron and slag are separated and tapped as in a blast furnace. The 
low/medium-BTU, sulfur-free off-gases from the process (sulfur is captured by the limestone and remains in the slag) are 
scrubbed to remove particulates and are available for site use. 

The Kohle Reduction process has been tested in a 66,000 tons per year pilot plant using a wide range of coals and iron ores. The 
proposed project calls for the design and construction of a 330,000 tons (iron) per year demonstration plant at the Weirton Steel 
plant in Weirton, West Virginia. The plant will operate on a variety of United States feedstocks. A plant of the same technology 
and size in South Africa is to be completed in late 1987. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. Weirton Steel intends to fund 
nearly 65 percent of the cost of the project. 

Project Cost: Not disclosed 

KRW ENERGY SYSTEMS INC ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENER-
ATION - The M.W. Kelloeg Co., United States Department of Energy, and Westinghouse Electric (C-980) 

In April 1984 Westinghouse sold controlling interest in the Synthetic Fuels Division and its coal gasification technology to Kellogg 
Rust Inc.; the new name is KRW Energy Systems Inc. DOE awarded a $27 million contract to KRW Energy Systems to fund 
continued development of the KRW coal gasifier. KRW is contributing $6.7 million to the 32-month effort, which is being con-
ducted largely at the Waltz Mill test facility southeast of Pittsburgh. Pennsylvania. The present program will focus on linking the 
25 tons per day gasifier to an advanced hot gas cleanup system for applications to integrated coal gasification combined cycle 
power generation. The hot gas cleanup technology tested is a process developed at DOE's Morgantown Energy Technology 
Center using regenerable zinc ferrite to absorb hydrogen sulfide. Other components of the program include a study of hot par-
ticulate removal and in-bed sulfur removal by injecting limestone. 

The KRW coal gasification pilot plant, located at the Waltz Mill Site near Pittsburgh, Pennsylvania has been in operation since 
1975 and has accumulated more than 10,000 hours of hot operation with a broad range of coals. The range of coal types includes 
highly caking eastern bituminous, western subbituminous, and lignites, high ash and low ash, high moisture and low moisture. 

The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550—F and 1,950—F and pressures between 130 psig and 230 psig, with air feed to produce 
low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges between 20 and 35 tons per day, 
depending on coal type. 

Several commercial demonstration projects are currently being evaluated for application of the KRW coal gasification system to 
various industrial and utility applications. Included is the Appalacian Project which is to be located in western Pennsylvania in-
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volving a coal gasification combined cycle facility. The first commerical-scale operation of ICRW gasification will take place in the 
Peoples Republic of China at Fulaiji in northeast China. (See the Fulaiji Low-BTU Gasifier project). 

Project Cost: Not disclosed 

LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-550) 

Air Products is testing a 5 tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored 
by the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Diem Systems. In the 
process, synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. 
The oil acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more 
concentrated 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 
specially designed pump seal system, operated very reliably during the run. 

A 10-day test in July 1985 was conducted at higher catalyst concentrations (35 to 45 weight percent). The unit was operated with 
balanced gas for 1 day, and carbon monoxide-rich gas for 9 days. The PDU demonstrated excellent operability with 100 percent 
on-stream reliability, but catalyst activity maintenance was somewhat lower than laboratory predictions. 

Additional laboratory research is currently underway, while operation of the unit is expected to begin again in 1988. 

The next step is scale-up to a larger unit. TVA's facility at Muscle Shoals, Alabama, where actual synthesis gas from a Texaco 
gasifier could be used, is a potential host site. 

Project Cost: DOE $25.6 million 
Private participants: $3.8 million 

LFC COAL LIQUEFACTION/COGENERATION PLANT - SGI International (C-557) 

SGI International is developing a 30.75 megawatts electric cogeneration and coal liquids production facility to be located near 
Coistrip, Montana. This facility is designed to utilize the Liquids from Coal (LFC) process, developed by SGI International. An 
LFC/cogeneration plant consists of an electric generation unit combined with Lit process equipment in one cogenerating system. 

According to the developers, SOl's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-art 
technology. Compared with other coal conversion processes where high temperatures and pressures are required, the LFC 
process operates at low pressures and less severe thermal process conditions, some of which require only low-grade and medium-
grade heat (140 — to 600—F). In the system, the electric generation unit supplies waste heat to meet these LFC process thermal 
loads, while the solid waste by-products from the LFC process are used to fuel the electric generation unit. 

SO! has obtained a long-term (35 year) power sales agreement with Montana Power Company. The estimated project cost is 
$72.5 million. SO! International is currently working to obtain a contractor to perform the design and construction of the LFC 
Cogeneration Plant. Site work is scheduled to commence in mid 1987 with the entire facility complete by late-1989. Once in full 
operation, the facility will employ a staff of 30 to 35. 

Project Cost: See above 

LIBIAZ COAL-TO-METHANOL PROJECT - Krupp Koppers and KOPEX (C-568) 

Erection of a coal gasification project in Poland is to resume in 1987. The plant is to be built by Krupp Koppers at Libiaz in 
southern Poland. Equipment for the plant has been stored at Libiaz for several years. The project, which began in 1980, has been 
stalled due to "political difficulties" in Poland.
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The Libiaz project will reportedly use approximately I million metric tons per year of high sulfur coal. Synthesis gas produced by 
the Koppers-Totzek (1(T) technology will be utilized to produce methanol. 

Project Cost: Not disclosed 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - 1Q10 Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-580) 

LU-ID and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal 
gasification processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, 
Sweden at the country's steel research center in mid-1985, with operation scheduled to last through 1987,  

The pilot plant will be designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400— to 1600—C. Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-587) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 

 detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in early 1987, 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-622) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing 1 ton per day of coal or coal waste. Under the spon-
sorship 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 liq-
uid extraction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase II continues 
under 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 
following: 

Developing a more detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducting the extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Testing char and char/coal blends for use in industrial/utility boilers, 100 percent char in stoker boilers, and for use to re-
place or extend coke in blast furnaces. 

Evaluating the coal liquids as a home heating fuel. 

Distilling the coal liquids into fractions with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications. 

The process demonstratin unit will undergo a modification phase initially to enhance the overall unit performance. Modifications 
to the condensing system, reactor tubes, furnace, and coal feed system are planned. Upon completion of this phase, an expanded 
optimization program will be initiated. Product testing and economic assessments will be expanded as the unit production 
capability and operating efficiency is fine tuned. 

Project Cost: Not disclosed
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MONASH 1-1YDROLIQUEFACTION PROJECT - BP United Kingdom Ltd. and Monash University (C-665) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria arc conducting a 
major investigation into hydroliquefaction of Victorian brown coal. Both batch autoclave studies and continuous hydrogenation in 
a bubble column and a stirred tank reactor are being conducted. 

BP United Kingdom Ltd. is continuing to fund for an additional two years a collaborative research project with Monash Univer-
sity on brown coal conversion using synthesis gas. Substantial funding for the continuous flow research has been provided by the 
Australian Government's National Energy Research, Development and Demonstration Council. The batch autoclave work has 
been largely supported by the Victorian Brown Coal Council. 

Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solutions shows enhanced 
activity for hydrogenation in tetralin compared with untreated coal. The Monash studies show that a mixed metal catalyst system, 
which is predominantly iron-based with trace amounts of tin, displays a significant synergistic effect when compared with 
hydrogenation results for experiments using only iron- or tin-based catalysts of comparable metal concentrations to the mixed me-
tal system. Mossbauer studies are helping to understand the role of iron and tin in the early stages of reaction. Other mixed me- 
tal systems, some with an iron base, are also showing good catalytic activity. The studies have now been extended to the use of 
coal-derived solvents rather than tetralin. 

The continuous bench-scale bubble-column and stirred tank reactor facility has been successfully operated at I to 2 liters per hour 
of coal slurry using letralin as the vehicle solvent in the presence of hydrogen gas. This unit is providing data on the effects of 
temperature, residence time, and catalytic treatment on coal conversion and product yields, together with providing reasonable 
quantities of products for further studies. Coupling of the two reactors in series has been achieved and conversion studies began 
in coal-derived solvents other than tetralin. Mathematical modelling of the process has also proved successful. 

Project Cost: $1.8 million (Australian) since commencement 

MOUNTAIN FUEL COAL GASIFICATION PROCESS— Ford, Bacon & Davis; Mountain Fuel Resources, Inc.; United States 
Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high temperature, 
oxygen blown, entrained flow gasifier. The gasifier operates at slagging temperatures (about 2,800—F), and 300 psig. The plant 
produces 2 million cubic feet per day of 300 ff111 gas. Both radiant and convective heat exchangers are used to recover heat from 
the process. 

An $8.9 million, 52 month cost-sharing contract was awarded. Construction was completed in October and start-up tests started 
in November 1982. The unit has been running on coal since February 1983, conducting component and process evaluation tests. 
Coal variation tests, sustained operation tests, and all experimental works were completed in November 1984; The project was 
completed and the final report issued to DOE in April 1986. 

Project Cost: $8.9 million 

NATIONAL SYNFUELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (C-705) 

The NS! gasifier has been installed at Elgin Butler Brick Company's brick making plant in Elgin, Texas. Production of 30 million 
BTU per hour low-BTU gas is expected from lignite feedstock. NSI technology uses a multi-stage gasifying process, physically 
segregating steps for fuels drying/devolatilization, char gasification, and thermally cracking pyrolysis tars and oils. The gasifier 
was to start up during April 1984, with full operation anticipated by year end. However, a number of mechanical problems 
prevented full startup in 1984. Recent tests and operation indicate 150 BTU per standard cubic feet gas can be available. Further 
development is still in progress. 

Project Cost: $2 million 

NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-ho) 

Energy Transition Corporation (ETCO) has proposed a coal pyrolysis project to be built in northwest New Mexico. The proposed 
plant would use Union Carbide's hydrocarbonization pyrolysis process to convert 20,000 tons per day of coal into crude oil and 
char. Coal for the project would be supplied by Utah International's Navajo Mine, and product char would be used at nearby 
electric power generation plants. A study conducted by ETCO for the New Mexico Energy Research and Development Institute 
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indicated the plant would achieve a favorable economic return at $2830 per barrel for product oil and $1.25 per million BTU for 
coal/char. 

Tests using the Navajo coal were conducted in a modified synthane PDU operating at hydrocathonization conditions at DOE's 
Pittsburgh Energy Technology Center during January 1985. ETCO is seeking additional equity partners for the project. 

Project Cost: $770 million 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (0154) 

A group of Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The Nynas Energy Chemicals Com- 
plex (NEX) will utilize the Texaco coal gasification process to produce synthesis gas for ammonia production. Initially, the facility 
will produce 250,000 to 350,000 tonnes of ammonia per year, hot water for the Southern Stockholm district heating system, and 
industrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. 
In the wintertime part of the gas will be used for power generation. The plant is scheduled to go on stream in 1991. 

Participants in the project are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank. 

The Investment Bank and Johnson are equal partners in a new company, Nynas Kombinate AR, which will own 50 percent of 
NEX. AGA, whose stake in NEX will be 50 percent, will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

01110-I COAL CONVERSION PROJECT— Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-756) 

Energy Adaptors Corporation, Lloechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project 
to produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to 
produce 300,000 gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. 
Production of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This 
plant will use high grade sulfur coal from existing mines in the area. 
The proposed project will utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw synthesis gas. The 
gas is cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler 
feed water heat exchanger to recover available energy for use in the plant. Solids removed by the cyclone(s) are recycled to the 
gasifier to improve the carbon conversion efficiency. Carbon conversions of approximately 96+ percent are expected. The raw 
gas, cleaned of particulate matter, is processed in the synthesis section. 

Construction is scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

This plant has been estimated to cost $260 million. 

Project Cost: $260 million 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (1(K) (C-798) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Kohle-Technologic) 
are presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration module for the 
PRENFLO process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (1(T) entrained flow gasifier. 

In 1973, KK started experiments using a pilot Xl' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BV and KK for a cooperation in the development of the pressurized version of the Xl' 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput. The plant is located 
at Fuerstenhausen, West Germany. Simultaneously with the pilot test program, the design and engineering of a demonstration 
plant with a capacity (coal feed rate) of 1,000 tons per day will be carried out. The engineering of the 1,000 tons per day gasifier 
module (ready for construction) is expected to be completed in 1988. 

Project Cost: Not disclosed
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RI-IEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rlieinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-803) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

On the basis of preliminary tests in a bench scale plant at Aachen Technical University near Cologne, the sponsors commissioned 
a pilot plant in July 1978 at the Wachtberg plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled 
to 1.3 tons per hour dry lignite. By end of June 1985 the test program was finished and the plant was shut down. From 1978 until 
June 1985 about 21,000 tonnes of dried brown coal were processed in about 38,000 hours of operation. The specific synthesis gas 
yield reached 1,580 standard cubic meters per tonne of brown coal, MAF, 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. 

Rheinbraun has constructed a demonstration plant for the production of 300 million cubic meters syngas per year. All engineer-
ing for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was performed 
by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union Kraftstoff subsidiary for methanol production testin 
periods.	 - 

The plant was started up in early 1986. In several processing periods quite good efficiency data corresponding to the results of 
the HTW pilot plant were reached in the gasifier. Nearly all steps of gas aftertreatment had been operated. 

In the meantime studies for further development of the HTW process for higher pressures up to about 20 bar are being per-
formed including optimization 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 engineerin g for the new pilot plant was finished at the end of A pril, 1987. 

Project Cost: Undisclosed 

RHIZINBRAUN HYDROGASIFICATION OF COAL TO SNG - Rheinische Braunkohlenwerke AG, Lurgi GmbH, Ministry of Re-
search & Technology of the Federal Republic of Germany (C475) 

The hydrogasification process developed by Rheinbraun is a pressurized fluidized bed technique. Engineering partner in this 
project is Lurgi. The project is subsidized by the Ministry of Research & Technology of the Federal Republic of Germany. A 
PDU for the hydrogasification was engineered and built by Lurgi company, Frankfurt, on the site of Union Kraftstoff at Wessel-
ing. 

This plant with a throughput of about S tons per day dried brown coal or anthracite has been operated from 1975 to September 
1982. More than 1,780 tons of dried brown coal and about 14 tons anthracite have been gasified during 12,235 hours at tempera-
tures between 820— to 1,000—C and pressures between 55 and 95 bar. A methane content of nearly 50 percent by volume in the 
dry crude gas has been reached. The longest continuous test period of operation has been 31 days. 

A pilot plant with a throughput of about 240 tons per day of dried brown coal at pressures up to 120 bar was constructed from 
1979 to 1982. This pilot plant includes an Amisol plant for washing out sour gas components and a Linde cryogenic separation 
unit for isolation of SNG from hydrogen for recycle into the gasifier. 

For large-scale plants the hydrogen needed additionally can be generated in the HTW process with a following shift conversion of 
the carbon monoxide in the raw, gas to hydrogen, or a part of the produced methane is catalytically converted in a methane stream 
reformer being heated with process heat from a high temperature gas cooled nuclear reactor. 

The pilot plant went onstream in Spring 1983. Up to the end of April 1986 about 26,300 tons of dried brown coal were processed 
in about 5,800 hours of operation. 

The selected process design as a whole has proved successful; especially under 120 bar gasification pressure maximum 5, 
standard cubic meters per hour of methane were produced corresponding to 6,400 standard cubic meters per square meter of 
gasifier and hour. Also the gas after-treatment was operated with success including recovering of unconverted hydrogen in a 
cryogenic separation unit and returning it to the gasification process. 

Up to 100 bar nearly the same efficiency data were reached as in the small PDU, for 120 bar even better results as above men-
tioned. So the upscaling of the process was successful.
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At the end of September 1986 the plant was shut down. From start-up in 1983 the plant was operated for out 7,800 hours to 
gasify about 37,200 tons of dried brown coal. After a subsequent period for documentation the project will be finished in 1987. 

At the stage of development now reached, a period of commercial usage could be started if profitability could be achieved. 

Project Cost; Not disclosed 

SASOL - Sasol Limited (C-820) 

The first Sasol plant was established in Sasolbur g in the early fifties. The much larger Sasol Two and Three plants, at Seconds - 
situated on the Eastern l-li ghveld of Transvaal, came on-stream in 1980 and 1982. respectively. 

Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Recticol gas purification units, synthol reactors, 
gas reformers and refineries. H ydrocarbon synthesis takes place by means of the Sasol developed Synthol process. 

The products of Sasol Two and Three, other than li quid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, and ammonia for the group's Fertilizer and Explosives Divisions. 

A technology com pany, Sastech, is responsible for the Grou p's entire research and development proramme, process design, en-
gineerin g, project management, and transfer of technology. 

Project Cost: SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNF'UELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C-822) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Gulf Point Tupper Refinery or near the coal mines. 
The 25,000 barrels per day production goal would require approximately 2.5 million tonnes of coal per year. The plant start-up 
could be in 1989/1990. Additional funding of $750,000 requested from the Oil Substitution Fund (a fund jointly administered by 
the Canadian Federal Government and the Provincial Government of Nova Scotia) to evaluate two-stage process options was an-
nounced by the Nova Scotia government on October 3, 1984. 
A contract was completed with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). 

Feasibility report has been completed. Financeability options are being discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 13,000 barrels per day and has reached agreement in principle to purchase the Point Tupper site from Ultramar Canada Inc. 
Recent developments in co-processing technology have reduced the capital cost estimates to under $000 million, 

Project Cost: Approximately $4 million for the feasibility study 
Approximately US$250 million for the plant
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SCRUBGRASS - Scrubgrass Associates (C-825) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure 01(1' 
entrained-flow coal gasification, ICI methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration. 

Scrubgrass Power Corporation has convened the project from production of liquid fuels to the production of electric power, at 
the same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. 
The plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project costs, including start-up, commissioning, engineering, procurement, and construction, and financing 
costs, are	 Financial closing is anticipated in mid-1987. 

Project Cost: See above 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) ((>840) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since 
December 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot 
plant has now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of 
coal in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell 
process is continuing through active pursuit at other Shell facilities. 

Shell Oil Company, The Electric Power Research Institute, and Lummus Crest, Inc., recently announced plans to build a 
demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process. Engineering was done by Lummus 
Crest's Bloomfield Division to incorporate all the advanced features of the Shell process and will be located at Shell's Deer Parkt 
Manufacturing Complex. Lummus Crest, Inc., is a subsidiary of Combustion Engineering, Inc. Shell Development Company, a 
division of Shell Oil, will operate the facility. 

The facility's gasifier will use pure oxygen and is designed to process a broad range of coals, including about 250 tons per day of 
high sulfur bituminous coal, or about 400 tons per day of lignite. The medium-BTU gas and steam produced will be consumed 
within Shell's adjacent manufacturing complex. Construction was com pleted in the first Quarter of 1987, with startup scheduled 
for mid-1987. 

Project Cost: Not disclosed 

SIMPLIFIED 10CC DEMONSTRATION PROJECT - General Electric Company, Burlington Northern Railroad, Empire State 
Electric Energy Research Corporation, New York State Energy Research and Development Authority, Niagara Mohawk Power Cor-
poration, Ohio Department of Development, Peabody Holding Company, and United States Department of Energy (C-845) 

This project will use a coal gasification, steam-injected gas turbine power plant to demonstrate the feasibility of simplified in-
tegrated gasification combined cycle (IGCC) systems for commercial coal-to-electricity, applications. The simplified system is con-
figured to reduce components in each of the major sub-systems: gasification, gas cleanup, and gas turbine power generation sys-
tems, while retaining commercial hardware and design philosophy for many of the sub-system components. 

The technology uses an air-blown moving bed gasifier, high temperature sulfur removal technology, hot cyclones, and the LM 
series (aircraft derivative) gas turbine/generator package. Key elements are the high-temperature gas cleanup systems which can 
allow significant reduction of contaminant levels without degradation of plant efficiency. The system will be demonstrated at dif-
ferent sizes at two site locations a 5 megawatt plant in Dunkirk, New York owned by Niagara Mohawk Power Corporation and a 
50 megawatt General Electric plant in Evendale, Ohio. 

A prime objective of the demonstration program is the establishment of a high-performance, cost-competitive environmentally 
compliant, coal-fired power plant in the less-than 200 megawatt size. This option will significantly reduce the financial risk as-
sociated with the addition of large capacity increments to meet projected needs. The demonstration program is proposed as a 
five-year project. The phasing will permit the 5 megawatt plant to come on-line three years after project initiation. The initial 
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checkout and system characterization of the 50 megawatt plant will start three years into the program with full-scale operaton at 
the industrial site in (our and one-half years. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program 

Project Cost: $156 million 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-850) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. ('This gasifier has a throughput of 350 tons per day.) The plant has been successfully operated since that date on a wide 
range of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable propor-
tionof 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 extinc- 
tion. The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. 
Gasification is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out 
successfully. 

A new phase started in November 1984, is the demonstration of a 600 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 8 feet. Within this demonstration program a three month run will be carried out to demonstrate gasifier 
operability, gas purification, and methanation to make SNG. It is also planned to carry out a number of tests for EPRI and the 
Gas Research Institute. 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 will be supplied with product gas from the plant. It has a combustor temperature of 1,960—F, 
a compression ratio of 10, and a thermal efficiency of 31 percent. 
BCG is prepared to grant licenses for plants utilizing Slagging Gasifiers of sizes up to 8 feet diameter and will provide full com-
mercial guarantees. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-865) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers 
and Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppers. Heads of Agreement 
have been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun H1'W 
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 Bow-
mans coal in the 40 ton per day Rbeinbraun pilot plant at Frechen-Wachtberg, FRG has been completed and final reports on the 
tests are due by July, 1987, when a review of the project will be undertaken and directions for ongoing development determined. 

Project Cost: DM 73 million 

SYIffHESEGASANIAGE RUI-JR (SAR) - Ruhrkohle Gel and Gas GmbIl Ruhrchemie AG (C-869) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. Approximtely 250,000 tons of German hard coal will be gasified per year to produce 
400 million cubic meters synthesis gas and hydrogen yearly. The investment is 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)
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TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-890) 

The commercial status of the Texaco Coat Gasification Process has been a result of extensive development at Texaco's facility in 
Montebello, California since the 1973 oil embargo. During this period, Texaco spent more than $8 million to expand and improve 
its existing gasification facilities at Montebello. There are now two complete gasifier trains, each capable of processing more than 
20 tons per day coat, at pressures ranging from 300 to 1,200 psig, in either the quench or gas cooler modes of operation. The 
facilities include coat grinding, slurry preparation, and gas scrubbing units which are capable of producing a clean syngas product 
in continuous operation. This pilot plant has processed a wide variety of coats and has provided design information for a number 
of commercial projects in operation and under construction. In addition, pilot plant operations are conducted to improve and en-
hance Texaco's gasification technology. 

Texaco's development activities were complemented during the 1978 to 1985 period by operations at three licensed demonstration 
plants. These plants are owned by Ruhrkohle AG/Ruhrchemie AG, Tennessee Valley Authority, and Dow Chemical, and are lo-
cated in Oberhausen--ilolten in the Federal Republic of Germany, Muscle Shoals, Alabama, and Plaquemine, Louisiana, respec-
tively. 

The Texaco Coal Gasification Process is currently employed for the commercial production of electric power and a variety of 
products, and has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects 
currently in operation utilizing the Texaco Coat Gasification Process include the 900 tons per day Tennessee Eastman plant which 
manufactures methanol and acetic anhydride, the 1,000 tons per day Coot Water plant which manufactures electricity, and the 
1,650 tons per day Ube Ammonia plant which manufactures ammonia. Additionally, the 770 ton per day SAR plant in Ober-
hausen, West Germany has begun operation for the manufacture of oxo-chemicals. Commercial projects currently in detailed 
design and/or construction include the 440 ton per day LuNan Coal Gasification Plant in China to manufacture ammonia, and the 
2,700 ton per day Nynas Energy Chemicals complex in Sweden. A number of United States utilities are actively considering coal 
gasification for future electric power capacity additions, and several are working with Texaco on detailed site-specific studies of 
the Texaco process. 

Project Cost: Not applicable 

TIDD PRESSURIZED FLUIDIZED BED DEMONSTRATION PROJECT - American Electric Power Service Corporation, 
Ohio Coal Development Office, Ohio Power Company, and United States Department of Energy (C-895) 

The American Electric Power Service Corporation (AEP), on behalf of the Ohio Power Company, will construct and operate a 
70 megawatt Pressurized Fluidized Bed Combustion (PFIJC) Combined Cycle Demonstration Plant in Brilliant, Ohio. The 
project will use technology developed by ASEA-PFB, a Swedish f

i
rm that supplies major utility components. 

AEP has designed the Tidd PFBC Demonstration Plant with a capability of 70 megawatts, to be located in the town of Brilliant, 
Ohio. Its design is based on almost a decade of research and development byAEP and its partners. The schedule calls for having 
the plant start operation in late 1989 and run for a demonstration period of five to ten years, during which time enough data 
about the technology and equipment will be acquired to confidently build large, commercial power plants. 

The PFBC process involves burning coal in a fluidized bed of coal, dolomite (a form of limestone), and inert material. Sulfur in 
the coal is absorbed by the dolomite, resulting in a thy, granular by-product ash which is removed from the bed. The hot, pres-
surized, sulfur-free gas flows through a dust collector then through an ASEA STAL GT120 gas turbine to drive an air compressor 
and a generator to produce electric power. 

Immersed in the bed arc tubes to generate steam which flows through a steam turbine that drives a second generator to produce 
additional electric power. The clean, cooled gas is released through the stack in full compliance with environmental requirements. 
The combined cycle plant will operate at 1,580—F and a pressure of 12 atmospheres. The demonstration plant will be a retrofit of 
a mothballed coal-fired power plant and will utilize the existing steam turbine and other site utilities. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program 

Project Cost: $175.6 million 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corporation (C-900) 

TOSCO has completed development in 1983 of an atmospheric, low-temperature (800-970--F) coal pyrolysis system, named the 
TOSCOAL Process, at their 25 tons per day pilot plant facilities, located near Golden, Colorado. The TOSCOAL Process is an 
adaptation of the TOSCO II oil shale retorting process to coal carbonization. The process products are char for power plant con-
sumption, high-BTU gas, and oil. The process selectively reduces the volatile matter of the parent coal to any desired level in the 
char, usually tO to 18 weight percent. Combustion and reactivity tests were performed on chars produced from three bituminous 
coals. Test results showed that the chars made from these coals had reactivity comparable to the parent coal. Pilot plant combus-
tion tests showed that boiler slagging and scaling characteristics were similar to the parent coal. One oil was hydrotreated to 
produce a 24.4—API syncrude product containing 0.04 weight percent sulfur, 0.55 weight percent nitrogen, and 1.78 weight percent 
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oxygen. Process evaluations show that a plant designed to process nominally 10,000 tons per day of coal will produce as major 
products 7,800 tons of readily combustible char, 11,500 barrels of hydrotreated oil, 310 barrels of vacuum residual as well as fuel 
gas. Economic analyses indicate that, relative to coal liquefaction technologies, the capital cost per daily barrel of product from 
the TOSCOAL Process is substantially less. TOSCO is actively seeking industrial and utility participation in the demonstration 
and commercialization of the TOSCOAL process. 

Project Cost: Undetermined 

WA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 

The TVA is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located - 
at Muscle Shoals, Alabama. A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons per day am-
monia plant. Plant construction was completed in mid-1980. Capital costs total $46 million. Brown and Root of Houston held the 
$25.6 million contract for the construction of the eight ton per hour coal gasifier. The air separation plant was built by Air 
Products and Chemicals, Inc. at a cost of $5 million. The remainder of the work was done by TVA. The coal gasifier can provide 
60 percent of the gas feed to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural 
gas, if desired. The initial feed to the coal gasifier was Illinois No. 6 seam coal. 

The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology conference in October 1980 
and continued initermittent operation until 1981. However, actual production of feed gas for ammonia manufacturer was not ac-
complished because of mechanical problems. The plant was shut down while modifications were made to the gasifier and other 
downstream processes and equipment. 

The plant was restarted in April 1982. Operations continued intermittently through November 1982 and culminated in a 5-day 
performance test. Although the plant did not meet all the contract performance requirements, particularly in the sulfur recovery 
area, the facility did provide synthesis gas for the production of ammonia. Plant operations continued for 12 days, prior to being 
shut down at the end of the performance test. Total operating time was approximately 1,600 hours. 

The plant was not operated again until July 1983 primarily because of budget limitations. A 5-day coal test was made in July and 
was followed by a 20-day test using EDS residues. Additional tests were made in late 1984 and 1985. The project was completed 
and the facility was shut down in September 1985 after operating for 3,600 hours. 

Project Cost: $60 million total 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-952) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasifica-
tion process (TCOP). There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains 
are used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October 
of that year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a 
process design package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that 
year. Construction was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid am-
monia from coal was obtained in early August 1984. Those engineering and construction works and commissioning were ex-
ecuted by Ube's Plant Engineering Division. Ube installed the new coal gasification process as an alternative 'front end of the 
existing steam reforming process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus 
has a wide range of flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia 
from coals, naphtha and LPG as required. 

The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost 
of ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification 
plant is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

UNIVERSITY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE - United States Department of Energy 
and University of Minnesota (C-970) 

In February 1977, DOE awarded a five-year cost-sharing contract to the University of Minnesota for design, construction, and 
operation of a 72 tons per day Foster Wheeler Stoic gasifier to be located at Duluth, Minnesota. Foster Wheeler provided the en-
gineering services. The two-stage gasifier utilizes technology licensed by Foster Wheeler from Stoic Combustion Ltd. of Johan-
nesburg, South Africa. The 180 BTU per standard cubic feet gas is used to fire a boiler for heating/cooling of campus buildings. 
Tim  process produces fuel oil as a coproduct which will be used as boiler fuel during gasifier maintenance. The Stoic gasifier was 
started initially in October 1978. Altogether five different western sub-bituminous coals have been fed to the Duluth unit. The 

SYWrHEnC FUELS REPORT, JUNE 1987 
4-72



STATUS OF COAL PROJECTS (Underline denotes changes since March 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

heavy coal oil recovered by means of electrostatic precipitation has been stored and fired successfully in the University's boilers. 
The gasifier is now fully operational, and on an extended run providing partially the fuel needs for the campus heating plant. 

Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of operation. Cooperative 
agreement with Department of Energy ended August 1982. Plant operation now entirely funded by University of Minnesota. 

Project Cost: $6,401,557.30; DOE share $2,818,940.00 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) fly. Ltd. (C-975) 

BCLV is constructing a pilot plant at Morwell in southeastern Victoria to process the equivalent of SO tons per day of thy ash free 
coal. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho lwai, Idemitsu Kosan, and Asia Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy Development Organization (NEDO). NBCL is entrusted with implementation of the entire program, and BCLV 
will carry out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981 and is now in operation stage. The remaining sections, consisting of solvent deashing and secondary hydrogena-
tion, are expected to be completed during 1986. The planned life of the pilot plant is five years, with NEDO providing the es-
timated A$100 million necessary to cover operating costs during this period. (Construction Cost: A$145 million). 

The aim of the pilot plant is to provide data on a Catalytic Solvent Refined coal liquefaction process developed since 1971 by 
members of the consortium. Tentative plans call for construction beginning near the end of this decade of a demonstration plant 
consuming about 5,000 tons per day of dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is being built adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., is providing the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost: Undisclosed 

WUJING TRIGENERATION PROJECT - Shanghai Cokin g and Chemical Plant (C-992) 

Shanghai Cokin g and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and steam. 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai. 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the ex-
isting coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,800 Kcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of 
electricity; 100 metric tons per hour of low pressure steam; and 300,000 metric tons per year of 99.85 percent purity chemical 
grade methanol, 100,000 metric tons per year of acetic anhydride, and 50.000 metric tons per year of cellulose acetate. The project 
will be constructed in stages. 

The study has been completed and is bein g evaluated. Bechtel twas paid from a $600,000 grant to SCCP from the United States 
trade and development program (TDP), International Development Cooperation Agency. 

Project Cost: Not disclosed 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BRAZIL - Companhia Auxiliar de Empresas Electricas Brasileiras and United States 
Department of Energy (C-1002) 

On January 21, 1985 the United States and Brazil signed a bilateral agreement to jointly study underground coal gasification 
(CCC). The objective of the agreement is to undertake a joint analytical and test program for the development of UCG technol-
ogy utilizing the site of the Triunfo coal deposits in Rio Grande do Sul. The program will consist of three phases of work: (1) 
coal and site characterization; (2) test design and feasibility studies; and, (3) test operations and evaluation. 
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During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of Brazilian coals, technical 
experts on site, site characterization methods and tools, and data evaluation to develop a preliminary process design. CAEEB will 
provide needed data to DOE and will be responsible for actual site characterization studies and field tasks such as drilling and 
seismic studies. 

During the test design and feasibility study phase (Phase 2), DOE will provide information and technical experts to assist in the 
preparation of the preliminary design of an actual field test. During this second phase CAEEB agrees to be in charge of the 
preliminary feasibility test program, and for all subcontracting. 

In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the CAEEB during the 
operation and evaluation of the UCG test. DOE may also loan data aquisition hardware and soft-ware and related instrumenta-
tion to assist in monitoring the test. CAEEB will provide to DOE all information on the design and results of the field test. 

DOE and CAEEB will each bear their own costs of their participation in the activities under the agreement. The agreement will 
continue for a five year period, and may be extended by mutual agreement of both countries. 

Project Cost; Not Disclosed 

UNDERGROUND COAL GASIFICATION OF DEEP SEAMS - Groupe d'Etudes de Ia Gazeirication Souterraine (GEGS) con-
sisting of Charbonnages de France, Gaz de France, and Institut Francais du Petrole (C-1160) 

The goal of the GEGS (Study Group on Underground Gasification of Coal) project is to achieve gasification of coal at depths of 
approximately 1,000 meters which is inaccessible, on an economic and human point of view, by current mining methods. In France 
and in west European countries, the coal reserves of this type are rather large. In France, they are estimated at about 2 billion 
Ions. The process investigated involves in situ gasification with oxygen to obtain a high BTU gas by further enrichment above 
ground. Because at great depth the coal permeability to gas is very low, the process requires a first step of creating a link be-
tween the two wells of the injection-production doublet. 

The program of research has a total duration of six years, from 1979 to 1985. It includes theoretical studies (modelling), 
laboratory work, and experiments on site. 

The lust tests on site were conducted from March 1980 to July 1981 from a deep level of an existing conventional mine just before 
its closure (Bruay-en-Artois) in the Nord-Pas de Calais mining region. 

The different steps of these tests consisted in: (1) geological and structural appraisal of the site, (2) creating a link between the 
wells by hydraulic fracturing, and (3) initiation of a reverse combustion. 

A new site, operated directly from above ground, was selected in the Nord-Pas de Calais mining region (Haute-Deule). Three ex-
ploratory wells were drilled at this new site in 1982 and two of them equipped as injection-production wells; the spacing between 
these wells is 60 meters. The tests, scheduled to last three years, will be more ambitious than at the Bruay site. The two first 
steps of drilling/geological reconnaissance of the site and of creating a link by hydraulic fracturing were achieved with good 
results. The third step, reverse combustion, occurred at the end of 1984. Results were not sufficient to carry on with the fourth 
step (gasification). 

Additionally, tests have been conducted in 1982 and 1983 in a shallow coal scam in the Loire mining region (l'Echaux) to study 
the technical feasibility of electrolinking. Such a linking was successfully achieved between two wells located 10 meters apart. 

The design of a new experimental program is now planned for the gasification of rather thick (about 10 meters) coal seams. The 
linking between the welts will be achieved by the technique of horizontal drilling. 

A call for new partners sent by GEGS at the end of 1985 has not brought positive answers up to now. GEGS has decided to 
postpone all operations until an agreement has been reached to finance the new program. 

Project Cost (1979-1985):	 Approximately $28 million 
Proposed Project Cost (1986-1988): 	 Approximately $10 million 

UNDERGROUND COAL GASIFICATION, ENGLISH MIDLANDS PILOT PROJECT - British Coal (C-1018) 

The United Kingdom's British Coal is planning a test of underground coal gasification (UCG). The experimental project will be 
located in the English Midlands near Newark. Up to 60,000 tonnes of coal will be gasified in a test program lasting five to 
six years. The tests will use deviated drilling techniques to access a six foot thick coal seam at a depth of 2,000 feet. Estimated 
cost of the program is 15 million pounds sterling (approximately $22 million).
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The purpose of the tests is to develop methods to exploit coal deposits located offshore under the North Sea. Very large reserves 
of coal (reportedly billions of tonnes) are located in the undersea deposits in seams up to 70 feet thick. 

Previous tests of UCG were conducted in the Midlands in the late 1950s. Results of the PS trial at Newman Spinney were not 
particularly encouraging in that the product gas had a low heating value. However, the coal seam used in the test was only 3 feet 
thick. The researchers believe that the thicker coal seam to be used in the newly proposed tests, in combination with recent ad-
vances in UCG technologies, will produce more favorable results.	 - 

Project Cost: $22 million 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-1045) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCG) for domestic 
coal. The proposed site for the test in western India contains large reserves of subbituminous coal that could be amenable to 
UCG. However, experts from the United States, Belgium, and West Germany concluded that the depth of the coal—
approximately 2,500 feet—could cause problems with the proposed test as it was originally designed. Therefore, they recom-
mended that the Indian researchers utilize the Controlled Retracting Injection Point (CRIP) technology , developed by the 
Lawrence Livermore National Laboratory. 

The first information well (UCG-1) has been drilled in Mehsana City structure located in North Gujarat. The further course of 
action will be decided based on the analysis of the core samples from this well. The samples are under analysis in various 
laboratories. 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic Com-
munity, and Federal Republic of Germany (C-1150) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The f

i
rst effort has 

grown since 1976, when a Belgo-German cooperation agreement was signed which resulted in the execution of an experimental 
underground gasification project sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area 
where the deposits are still unworked because of the considerable tectonic disturbances present between the surface and the 
800 meter level. Work began in 1979 and is planned to continue into 1987. 

The first reverse combustion experiment was executed from April to October 1982 without the formation of a linking channel. 
The test had to be halted due to self-ignition of the coal, after 35 days. In November 1982 the fire was extinguished by injection 
of water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after scat-
tering of this fire, the oxygen content of the exhaust gases increased to a level where it should be possible to again develop reverse 
combustion starting from the recovery well. 

The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting ca. 500 cubic meters per hour air and 
50 cubic meters per hour carbon dioxide under 250 bar and keeping a backpressure of 100 bar at the outlet. 

During the last trial, the combustion evolved to gasification, producing 150 cubic meters per hour of lean gas during 12 days. A 
careful analysis, however, of the available data (flow/pressure, tracer tests) did not show any evidence that a channel had been 
started. The experiment has been stopped, while intensive work is devoted to solving the corrosion problems (the tubing has to 
withstand both cold and hot corrosion), and to preparing a trial with strongly deviated drillings, starting from the existing wells. 

This trial has been made with success in September 1985: a drainhole of 40 meters length (27 meters in coal) has been drilled 
from Well I in the direction of Well II, and a flexible liner has been set inside this drainhole. However, the azimuth control was 
poor. It is planned to drill a sidetrack from Well II and to link it with the drainhole in early 1986; this delay is due to the long 
delivery time of the special, corrosion resisting material to be set inside Well II.
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In December 1985 and January 1986, a sidetracked hole was drilled 1mm the level 670 of Well II and crossed the seam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in 
the injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. 
The preparatory works (wellhead modification, design construction, and tests of the new equipment ended in August 1986. 

After preliminary trials made above ground to simulate the conditions of rubber hose combustion, the underground trial took 
place on August 24 and was only partially successful. About 10 meters of rubber hose were destroyed, but the connection with the 
recovery well was reduced by tar accumulation and it was still impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the in-
jection well, the sponsors decided 10 start the gasification without any change to the equipment. 

They tried to provoke self-ignition of the coal by injecting a small flow of oxygen enriched air this succeeded on October 14. the 
program is: first, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carbon dioxide/ox)igen mixture as gasifying agent, and then to extend the gasifier as 
far as possible using compressed air as the gasifying medium. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-1092) 

The LLNL has been working on in situ coal gasification since 1972, under the sponsorship of DOE and predecessor organizations. 
Tests that have been conducted include three underground coal gasification tests at the Hoc Creek site near Gillette, Wyoming; 
five small field tests ("Large Block Tests') at an exposed coal face in the WIDCO coal mine near Centralia, Washington; and a 
larger test at the same location (the 'Partial Seam CRlF Test"). 

Previous LLNL work involved development of the packed bed process, using explosive fracturing. A field test, Hoe Creek No. 1, 
was conducted during FY1976-1977, 10 test the concept. A second experiment, carried out during FY1977-1978, Hoe Creek No. 2, 
was gasified using reverse combustion and produced 100 to 150 BTU per standard cubic foot gas using air injection, and 250 to 
300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The third experiment, Hoe Creek No. 3, was 
carried out during FY1978-1979, using a drilled channel to provide the link between the process wells. The test ran for 57 days, 
47 consecutive days using steam and oxygen, during which 3,800 tons of coal were gasified with an average heating value of 
215 Bit per standard cubic foot. The test showed that long-term use of steam-oxygen underground gasification is technically 
feasible, operationally simple and safe. The use of steam and oxygen is crucial because the medium heating value gas produced by 
steam-oxygen gasification is readily converted to chemical synthesis gas or to pipeline quality, which is the objective of this project. 

The 'Large Block Tests' in FY1982 were designed to carry the concepts of the laboratory tests to a larger size in the field and still 
retain the ability to visually examine the burn cavities by simple excavation. The tests were very successful in providing detailed 
data which were used to develop a 3-D cavity simulation model, CAVSM. The results from the Block tests led to the design of 
the Centralia Partial Seam CRlF test which was carried out in FY19834984. Over 2,000 tons of coal were gasified with steam and 
oxygen to produce a gas with an average heating value of 240 BTU per standard cubic foot. The test was designed to lest the 
Controlled Retracting Injection Point (CRIP) concept in a coal seam with real commercial potential but on a scale small enough 
to allow the test to be completed within 30 days. Oxygen-steam injection was used through a 900 from long well drilled from the 
coal face parallel to the dip of the seam. The product gas was produced first through an intersecting vertical well, and second, for 
the CRlF cavity, through a slant well drilled from the exposed face. Two distinct gas qualities were achieved _a relatively high 
level after the CRlF maneuver and lower levels during the first cavity burn and after the roof collapse of the second burn. Even 
though some directional control problems were encountered in drilling the slant holes, the overall success of the Partial Seam test 
was vesy encouraging for the future of UCG at the Centralia site. The CRIP concept adds one more degree of control to the 
process in that the average heating value of the produced gas can be controlled by controlling the position of the injection point. 

A large scale test, Rocky Mountain 1 is being planned for completion in late FY1987 at Hanna, Wyoming. The test will provide a 
direct comparison of the cRlF method with a vertical injection well method, and will operate long enough to give resource 
recovery data from a multiple cavity burn. Both test modules will utilize directional drilled links and will use horizontal produc-
tion wells. One module will have a CRIP injection system while the other will use vertical injection welts. 

Agreements have been signed with both Spain and Brazil for aid and assistance in developing underground coal conversion 
projects in those countries. LLNL has been training Spanish engineers and expects to continue to interact with their program in 
an advisory capacity. Work is to get started in FY1986 on a feasibility study with Brazil. Negotiations are underway and agree-
ments in principle have been made with India and Yugoslavia. At the present, DOE is only being asked to provide consulting to 
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the Indian program, which is being completely financed by the Indian government. The Yugoslavian program has asked for some 
training similar to that done for the Spanish program. 

Objectives for FY1987 include: 

1. Continue to support the Rocky Mountain 1 field test at Hanna, Wyoming including active participation in the opera-
tional phase. Goals of the experiment are to determine the technology for larger scale operation and to refine the economics for 
commercial gasification. 

2. Continue the modelling program with emphasis on cavity growth simulation comparison with field results. 
3. Continue to support the DOE and State Department in technology transfer through agreements with foreign countries 

such as Spain, Brazil, and India. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C-1097) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific are continuing. 

Shedden Pacific Pty. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal at Leigh Creek 
could be used for UCG. These reserves are unlikely to be economically recoverable by open pit or underground mining methods, 
and would support a 250 megawatts power station for approximately 25 years. 

The preliminary design laid out in the study is based on a gasification panel consisting of a coal seam 13 meters thick, with dip 
angle of 10— to 13—, into which one blast air borehole and two production boreholes are drilled horizontally. Each panel is 
400 meters long and 80 meters wide with the blast air borehole located along the central axis and the production bores spaced 
equally on either side. 

The blast air and production boreholes are drilled down dip using deviated drilling techniques. At the down dip end of the panel 
are located four vertical ignition bores equally spaced across the panel. A blast borehole in the seam has the great potential ad-
vantage that, provided that it does not burn back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN 1 TEST - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Rocky Mountain Energy Company, and United States Department of Energy (C-1099) 

A field test of the Controlled Retracting Injection Point (CRlF) technology will be conducted in 1987 near Hanna, Wyoming. The 
test, named 'Rocky Mountain 1," will be 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 Rocky Mountain Energy Company. 

The test will take place about two miles south of Hanna, Wyoming, near a site used in the 1970s by the government to conduct 
some of the United States' first underground coal gasification tests. The CRIP technique was conceived by LLNL in the late 
1970s; to improve the efficiency, boost resource recovery, and increase the reliability of underground coal gasification. The CRIP 
method uses a horizontal well drilled along the base of a coal seam that is lined with a thin-walled metal pipe to supply oxygen to 
the coal to support the gasification process. To gasify the coal, successive sections of the well liner are burned away and the coal 
seam is ignited by a propane burner inserted in the horizontal well. The coal gasifies from the bottom of the seam upward 
producing medium-BTU gases. The gases are transported to the surface either through a second horizontal well near the top of 
the seam or through widely spaced vertical wells bored into the coal seam. As sections of the coal seam gasify, a cavity forms and 
ultimately reaches the top of the seam. Then, the ignition device is moved, or 'retracted,' to a fresh section of coal, and the 
process is repeated. 

A 30 day field test of the CR1P technique was conducted in 1983 at an exposed coal face in the WIDCO coal mine near Centralia, 
Washington. The upcoming Rocky Mountain 1 test will create multiple cavities in two parallel rows 350 feet underground in a 
30 foot thick subbituminous coal seam. One row will consist of a 300 foot long CRIP module. The other will use vertical injec-
tion wells similar to those in previous underground field tests. As much as 20,000 tons of coal-10,000 tons per row could be 
gasified in the 100 day test.

SYNTHETIC FUELS REPORT, JUNE 1987 
4-77



STATUS OF COAL PROJECTS (Underline denotes changes since March 1987) 

Underground Gasification Projects (Continued) 

A companion effort Will evaluate the ecological and environmental aspects of underground coal gasification. 
Construction for the test is to begin in late 1986 and is expected to be completed in approximately 12 months. Drilling of the 
horizontal wells through the 300 foot tong section of the seam will take about two months. Actual gasification is scheduled for 
late Summer 1987. 

Project Cost: $9.85 million 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company a joint venture of 
Oilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-1100) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, STEEPLY DIPPING BED DEMONSTRATION MODULE - Energy Interna-
tional, Inc., Stearns Catalytic Corporation, Rocky Mountain Energy Company (a subsidiary of Union Pacific Corporation), and United 
States Department of Energy (C-I 115) 

This project involves a proof-of-concept/pilot demonstration of underground coal gasification (UCO) technology applied to the 
steeply dipping bed subbituminous coal deposits near Rawlins, Wyoming. The pilot demonstration will operate for 180 days, 
gasify 36,000 tons of coal, and produce up to 2,000 to 4,000 barrels of middle distillate liquids using a fixed bed indirect liquefac-
tion technology. The demonstration represents one module of a commercial plant which would ultimately produce 4,000 barrels 
per day of liquids and 60 million standard cubic feet of substitute natural gas (SNO). The commercial plant will utilize under-
ground coal gasification technology to produce a synthesis gas feedstock for a gas-to-liquids conversion for the production of 
middle distillates. The three year proposed demonstration project will provide the additional process, economic, and environmen-
tal data required to reach the commercialization decision. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: Not disclosed

SYNTHETIC FUELS REPORT, JUNE 1987 
4-78



COMPLETED AND SUSPENDED PROJECTS

Project Sponsors 
A-C Valley Corporation Project A-C Valley Corporation 

Acurex-Aerotherm Low-BTU Gasifier Acurex-Aerotherm Corporation 
for Commercial Use Glen-Gery Corporation 

United States Department of Energy 

ADL Extractive Coking Process Arthur D. Little, Inc. 
Development Foster-Wheeler 

United States Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, Inc. 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

Beach-Wibaux Project See Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) 
TRW, Inc. 

Bell I-ligb Mass flux Gasifier Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. 
Placer U. S. Inc. 

81-GAS Project United States Department of Energy 

Brcckinridge Project Bechtel Petroleum, Inc. 

Burnham Coal Gasification El Paso Natural Gas Company 
Project 

Byrne Creek Underground Coal Draw Constructors 
Gasification World Energy Inc.

Last Appearance in SFR 
June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page 8-23 

September 1978; page 8-22 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981; page 4-72 

December 1983; page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

Calderon Fixed-Bed Slagging Project 

Car-Mox Low-BTU Gasification 
Project 

Catalytic Coal Liquefaction 

Celanese Coastal Bend Project 

Celanese East Texas Project

Calderon Energy Company 

Pike Chemicals, Inc. 

Gulf Research and Development 

Celanese Corporation 

Celanese Corporation

December 1985; page 4-73 

March 1980; page 4-53 

December 1978; page 8-25 

December 1982; page 4-83 

December 1982; page 4-83 
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Central Arkansas Energy Project 

Central Maine Power Company 
Sears Island Project 

Chemically Active Fluid Bed 
Project 

Chemicals from Coal 

Cherokee Clean Fuels Project 

Chesapeake Coal-Water Fuel 
Project 

Chokecherry Project 

Circle West Project 

Clark Synthesis Gas Project 

Clean Coke Project 

Coalcon Project 

Coalex Process Development 

COGAS Process Development 

Columbia Coal Gasification 
Project 

Combined Cycle Coal Gasification 
Energy Centers 

Composite Gasifier Project 

Conoco Pipeline Gas Demonstra-
tion Plant Project

Sponsors 

Arkansas Power & Light Company 

Central Maine Power Company 
General Electric Company 
Stone & Webster Engineering 
Texaco Inc. 

Central & Southwest Corporation (four 
utility companies) 
Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Dow Chemical USA 
United States Department of Energy 

Bechtel Corporation 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

ARC-COAL, Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 
Dominion Resources, Inc. 

Energy Transition Corporation 

Meridian Minerals Company 

Clark Oil and Refining Corporation 

United States Department of Energy 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Union Carbide Corporation 

Coalex Energy 

COGAS Development Company, a joint 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Gas System, Inc. 

Consumer Energy Corporation 

British Gas Corporation 
British Department of Energy 

Conoco Coal Development Company 
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

Last Appearance in SFR 

June 1984; page 4-63 

June 1984; page 4-63 

December 1983; page 4-80 

March 1978; page B-24 

September 1981; page 4-55 

March 1985; page 4-64 

December 1983; page4-81 

September 1986; page 4-58 

December 1982; page 4-85 

December 1978; page B-26 

December 1978; page B-26 

December 1978; page B-26 

December 1982; page 4-86 

September 1982; page 4-72 

December 1982; page 4-86 

September 1981; page 4-56
0 

September 1981; page 4-57 

SYNTHETIC FUELS REPORT. JUNE 1987 
4-80



Project Sponsors Last Appearance in SFR 

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 Coat-to-Gasoline Crow Indian Tribe September 1984; page C-8 
Project TransWorld Resources 

DeSota County Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

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 
Ruhrkohlc A.G. 
United States Department of Energy 

Elmwood Coal-Water-Fuel Project Foster Wheeler Tennessee March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Exxon Catalytic Gasification Exxon Company USA December 1984; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 

Fast Fluid Bed Gasification Hydrocarbon Research, Inc. December 1982; page 4-90 
United States Department of Energy 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat flG 
KRW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidental Research Corporation December 1982; page 4-91 
Conversion United States Department of Energy 

Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 

Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 1980; page 4-68 
Program United States Department of Energy 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1983; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

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
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Hampshire Gasoline Project 

il-Coat Pilot Plant 

ilillsborough flay Coal-Water 
Fuel Project 

Howmet Aluminum 

H-R International Syngas Project 

Hydrogen from Coal 

IJYGAS Pilot Plant Project 

ICGG Pipeline Gas Demonstra-
tion Plant Project 

Integrated Two-Stage Liquefaction 

IT!' Coal to Gasoline Plant 

Kaiparowits Project 

Kennedy Space Center Polygeneration 
Project 

Ken-Tex Project 

Keystone Project 

King-Wilkinson/Hoffman Project 

Kiockner Coal Gasifier 

Lake DeSmet SM) from Coal 
Project 

Latrobe Valley Coal Lique-
faction Project

Gulf States Utilities 

Kaneb Services 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

Ashland Synthetic Fuels, Inc. 
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 

ARC-Coal Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 

Howmet Aluminum Corporation 

H-R International, Inc. 
The Slagging Gasification Consortium 

Air Products and Chemicals, Inc. 
United States Department of Energy 

Gas Research Institute 
Institute of Gas Technology 
United States Department of Energy 

Illinois Coal Gasification Group 
United States Department of Energy 

Cities Service/Lummus 

International Telephone & Telegraph 
J. W. Miller 
United States Department of Energy 

Arizona Public Service 
San Diego Gas and Electric 
Southern California Edison 

National Aeronautics & Space 
Administration 

Texas Gas Transmission Corporation 

The Signal Companies 

E. J. Hoffman 
King-Wilkinson, Inc. 

Klockner Kohlegas 
CRA (Australia) 

Texaco Inc. 
Transwestern Coal Gasification Company 

Rbeinische Braunkohlwerke AG

December 1983; page 4-91 

December 1983; page 4-92 

September 1985; page 4-69 

March 1985, page 4-74 

December 1985, page 4-80 

December 1978; page B-31 

December 1980; page 4-86 

September 1981; page 4-66 

September 1986; page 4-69 

December 1981; page 4-93 

March 1978; page B-iS 

June 1986; page 445 

December 1983; page 4-95 

September 1986; page 4-71 

March 1985; page 4-80 

March 1987; page 4-74 

December 1982; page 4-98 

December 1983; page 4-96 
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LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Corn- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 449 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 

Mazingarbe Coal Gasification Project Cerchar (France) September 1985 page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979; page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc. 

Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1978; page B-22 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Milimerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas

SYNTHETIC FUELS REPORT, JUNE 1987 
4-83 



Proiect	 Sponsors	 Last Appearance in SFR 

Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slunytech, Inc. 

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 VatleyAuthority 

North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 
Project Minnesota Gas Company 

Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light
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Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Oct & 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 1-lydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Feat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Klockner Project Kleckner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy 

Plasma Arc Torch Swindell-Dresser Company December 1978; page B-33 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison March 1979; page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of December 1978; page B-34 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource March 1985; page 4-90 
Canada Research Fund 

Alberta Research Council 

Riser Cracking of Coal Institute of Gas Technology 	 December 1981; page 4-93 
United Sates Department of Energy 

RUI-IRIOO Project Ruhrgas AG	 September 1984; page C-29 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Saarbergwerke-Otto Gasification Saarbergwerke AG	 June 1984; page 4-86 
Process Dr. C. Otto & Company
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Savannah Coat-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel Klockner Kohlegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The BOC Group plc 
British Gas Corporation 
Consolidation Coat Company 

Sohio Lima Coal Gasification/ Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page B-35 

Synthoit Project Foster Wheeler Energy Corporation December 1978; page B-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas
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Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 
Floe Creek Project United States Department of Energy 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project - 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Conimer- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page B-fl 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuels Inc. September 1984; page C-36 

Wyoming Coal Conversion Project WyCoalGas, Inc. (a Panhandle Eastern December 1982; page 4-112 
Company) 

Zinc Halide Hydrocracking Conoco Coal Development Company June 1981; page 4-86 
Process Development Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

AECI Ltd. AECI Ammonia/Methanol Operations 4-48 
Coalplex Project 4-51 

AGA Nynas Energy Chemicals Complex 4.66 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-63 

A. Johnson & Company Nynas Energy Chemicals Complex 4-66 

Allis-Chalmers KILnOAS Project 4-61 

American Electric Power Service Tidd Pressurized fluidized Bed Demonstration Project 4-71 
Corporation 

Amoco Production Company Underground Coal Gasification Rocky Mountain I Test 477 

Asia Oil Victoria Brown Coat Liquefaction Project 4-73 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-73 

Bechtel Inc. Cool Water Coal Gasification Project 4-52 
Belgium, Government of Underground Coal Gasification, Joint Betgo-German Project 4-75 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4-65 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-78 
British Coal British Coal Liquid Solvent Extraction Project 4-49 

British Coat Low-BTU Gasification Project 449 
Underground Coal Gasification English Midland Pilot Project 4-74 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-49 
British Coal Low-BTU Gasification Project 449 

British Gas Corporation Slagging Gasifier Project 4-70 

Broken 1-Jill Pty. Broken Hill Project 4-50 

Brookhaven National Laboratory flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4-55 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coat Liquefaction Project 4-73 

Burlington Northern, Inc. Simplified 10CC Demonstration Project 4-69 

Bureau de Recherches Geologiques Underground Coal Gasification of Deep Seams 4-74 
et Minieres 

Carbon Gas Technology Huenxe COT Coal Gasification Pilot Plant 4-59 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4-50 
Central Illinois Light Co, Inc. KILnGAS Project 4-61 

Charbonnages de France Underground Coal Gasification of Deep Seams 4-74 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-63 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-64 
Corporation 

Coat Gasification COGA-1 Project 4-51
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Company or Orcanization Project Name 

Coal Tech Corporation Cyclone Combustor Demonstration Project 4-53 

Companhia Auxiliar de Empresas Underground Coal Gasification, Brazil 4-73 
Electricas Brasileiras 

Continental Energy Associates Can-Do Project 4-50 

Deutsche Babcock AG Iluenxe COT Coal Gasification Pilot Plant 4-59 

DEVCO Scotia Coal Synfuels Project 4-68 

Dow Chemical Dow Gasification Process Development 4-53 
Dow Syngas Project 4-53 

Ebasco Services, Inc. Chiriqui Grande Project 4-51 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 447 
Cool Water Coal Gasification Project 4-52 
KILnGAS Project 4-61 
Laporte Liquid Phase Methanol Synthesis 4-63 
Underground Coal Gasification Rocky Mountain 1 Test 4-77 

Elgin Butler Brick Company National Synfuels Project 4-65 

Empire State Electric Energy Cool Water Coal Gasification Project 4-52 
Research Corporation (ESEERCO) Simplified 10CC Demonstration Project 4-69 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-66 

Energy and Environmental Research Gas Rebutting Sorbent Injection Demonstration Project 4-56 
Corporation 

Energy Brothers Inc. K-Fuel Commercial Facility 4-61 

Energy International Underground Coal Gasification, Steeply Dipping Bed 4-78 
Demonstration Plant 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4-65 

European Economic Community Underground Coal Gasification, Joint Belgo-Gennan Project 4-75 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4-63 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4-65 

Gas Research Institute Gas Reburning Sorbent Injection Demonstration Project 4-56 
Underground Coal Gasification Rocky Mountain I Test 4-77 

Gaz de France Underground Coal Gasification of Deep Seams 4-74 

Gelsenberg AG Huenxe CGT Coal GAsification Pilot Plant 4-59 

General Electric Company Cool Water Coal Gasification Project 4-52 
IGCC Simulation 4-59 
Simplified 10CC Demonstration Project 4-69 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-78 

Gesellschaft fur Kohle-Technologic PRENFLO Gasification Pilot Plant 4-66 

GFK Gesellschaft fur Kohleverflussigung GFK Direct Liquefaction Project 4-58 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-68 

Oilman Company Underground Gasification of Anthracite, Spruce Creek 4-78
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Company or Or2ani72tion Project Name 

Group dEludes de In Gazeification Underground Coal Gasification of Deep Seams 4-74 
Souterraine (01305) 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-68 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4-66 

FIRI Inc. aullated Bed Coal/Oil Co-Processing Prototype 4-54 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4-73 

Illinois Power & Light Company KILnGAS Project 4-61 

Illinois, State of Gas Reburning Sorbent Injection Demonstration Project 4-56 
KILnGAS Project 4-61 

Institut Francais du Petrole Underground Coal Gasification of Deep Scams 4.74 

Iowa Power & Light Company KILnGAS Project 4-61 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-73 

Japan cool Water Program Cool Water Gasification Project 4-52 
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-48 
Fulaiji Low BTU Gasificr 4-55 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-62 
System for Electric Power Generation 

MID Industries Lulea Molten Iron Pilot Plant 4-64 

KILnGAS R&D, Inc. KILnGAS Project 4-61 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-73 

Kopex Libiaz Coal-to-Methanol Project 4-63 

Krupp Koppers GmbH Libiaz Coal-to-Methanol Project 4-63 
PRENFLO Gasification Pilot Plant 4-66 

KRW Energy Systems Inc. Appalachian Project 4-48 
Fulaiji Low BTU Gasifier 4-55 
KRW Energy Systems Inc. [Advanced Coal Gasification 4-62 

System for Electric Power Generation 

Lawrence Livermore Laboratory Underground Coal Gasification - LLNL Studies 4-76 

Lurgi Kohle & Mineraloltechnik, GmbII Rheinbraun 1-lydrogasification of Coal to SNG 4-67 

Manfred Nemitz Industrievenvaltung lluenxe CGT Gasification Pilot Plant 4-59 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-49 

Ministry of Machine Building Industry Fulaiji Low BTU Gasifier 4-55 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-73 

Monash University Monash Hydroliquefaction Project 4-65 

Monongahela Power Company KILnGAS Project 4-61 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4-65 

National Synfuels Inc. National Synfuels Project 4-65
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Company or Organization Project Name 

New Energy Development Organization Japanese Bituminous Coat Liquefaction Project 4-60 

New York State Energy Research & Simplified 10CC Demonstration Project 4-69 
Development Authority 

Niagara Mohawk Power Corporation Simplified 10CC Demonstration Project 4-69 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-73 

Nissho !wai Victoria Brown Coal Liquefaction Project 4-73 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4-59 

Nokota Company Dunn Nokota Methanol Project 4-54 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 449 
Synthesegasanlage Ruhr (SAR) 4-70 

NOVA Scotia Coal Synfuels Project 4-68 

Nova Scotia Resources Limited Scotia Coal SyMuels Project 4-68 

Ohio Coal Development Office Ebullated Bed Coal/Oil Co-Processing Prototype 4-54 
Edgewater Station LIMB Demonstration Project 4-55 
Tidd Pressurized Fluidized Bed Demonstration Project 4-71 

Ohio Department of Development Simplified IGCC Demonstration Project 4-69 

Ohio Edison Company KILnGAS Project 4-61 

Ohio Ontario Clean Fuels Inc. Ebullated Bed Coal/Oil Co-Processing Prototype 4-54 

Ohio Power Company Tidd Pressurized Fluidized Bed Demonstration Project 4-71 

Oil & Natural Gas Commission Underground Coal Gasification, India 4-75 

Peabody Holding Company Simplified 10CC Demonstration Project 4-69 

Pennsylvania Electric Company Appalachian Project 4-48 

Pennsylvania Energy Development Cyclone Combustor Demonstration Project 4-53 
Authority, State of 

Pennsylvania Power and Light Company Cyclone Combustor Demonstration Project 4-53 

Petro-Canada Scotia Coal Synfuels Project 4-68 

Polish Government Libiaz Coal-to-Methanol Project 4-63 

Potomac Edison Company KILnGAS Project 4-61 

Rheinische Braunkohlwerke Rheinbraun Hydrogasification of Coalto SNG 4-67 
Rheinbraun High TEmperature Winkler Project 4-67 

Rockwell International Advanced Flash Hydropyrolysis 4-47 

Rocky Mountain Energy Company Underground Coal Gasification Rocky Mountain I Test 4-77 
Underground Coal Gasification, Steeply Dipping Bed 4-78 

Demonstration Plant 

Royal Dutch/Shell Group Shell Coal Gasification Project 4-69 

Ruhrkohle AG Bottrop Direct Coal Liquefaction Pilot Plant Project 4-49 
Synthesegasanlage Ruhr (SAR) 4-70 

Ruhrchemie AG Synthesegasanlage Ruhr (SAR) 4-70 
Saabergwerke AG GFK Direct Liquefaction Project 4-58
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Company or Organization Project Name 

Sasol Limited Sasol Two and Saw] Three 4-63 

Scrubgrass Associates Scrubgrass Project 4-69 

SO! International LFC Coat Liquefaction/Cogeneration Plant 4-63 

Shanghai Coking & Chemical Corporation Wujing Trigeneration Project 4-73 

Shell Oil Company Shell Coal Gasification Project 4-69 

Sohio Alternate Energy Development Cool Water Coal Gasification Project 4-52 
Company 

South Australia, Government of South Australian Coal Gasification Project 4-70 
Underground Coal Gasification, Leigh Creek 4-77 

Southern California Edison Cool Water Coal Gasification Project 4-52 
Cyclone Combustor Demonstration Project 4.53 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-78 

Steams Catalytic Inc. aullated Bed Coal/Oil Co-Processing Prototype 4-54 
Underground Gasification, Steeply Dipping Bed 4-78 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4-64 

Swedish Investment Bank Nynas Energy Chemicals Company 4-66 

Tennessee Eastman Company Chemicals From Coal 4-51 

Texaco Inc. Cool Water Coal Gasification Project 4-52 
Texaco Coal Gasification Process 4-71 

Tosco Corporation TOSCOAL Process Development 4-71 

WA WA Ammonia-From-Coal Project 4-72 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-72 

Uhde GmbH Rheinbraun High Temperature Winkler Project 4-67 

Union Electric Company KILnGAS 4-61 

Union Pacific Corporation Underground Coal GAsification, Steeply dipping Bed 4-78 
Demonstration Plant 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-60 

University of Minnesota University of Minnesota Low-BTU GAsifler for Commercial Use 4-72 

University of North Dakota Gasification Environmental Studies 4-56 

United Coal Company Mild Gasification Process Demonstration Unit 4-64 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 447 
Advanced Hash Hydropymlysis 447 
Appalachian Project 448 
Cyclone Combustor Demonstration Project 4-53 
Ebutlated Bed Coal/Oil Co-Processing Prototype 4-54 
Edgewater Station LIMB Demonstration Project 4-55 
Flash Pyrolysis of Coal with Reactive and Non-Reactive GAses 4-55 
Gas Reburning Sorbent Injection Demonstration Project 4-56 
Great Plains Gasification Project 4-58 
KILnGAS Project 4-61 
Kohle Iron Reduction Process Demonstration Project 4-62 
KRW Advanced Coal Gasification System for 4-62 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 4-63
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Company or Organization Project Name 

Mild Gasification Process Demonstration Unit 4-64 
Mountain Fuel Coal Gasification Process 4-65 
Simplified IGCC Demonstration Project 4-69 
Tidd Pressurized Fluidized Bed Demonstration Project 4-71 
University of Minnesota Low-BTU Gasifier for 4-72 

Commercial Use 
Underground Coal Gasification Rocky Mountain 1 Test 4-77 
Underground Coal Gasification, Steeply Dipping Bed 4-78 

Demonstration Plant 
Underground Coal Gasification, Brazil Project 4-73 

United States Environmental Protection Agency Edgewater Station LIMB Demonstration Project 4-55 

United States Department of Commerce Chiriqui Grande Project 4-51 

Veba Oel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-49 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-73 

Weirton Steel Corporation Kohle Iron Reduction Process Demonstration Project 4-62 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-66 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 4-75 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 449 
Research & TEchnology GFK Direct Liquefaction Project 4-58 

PRENFLO Gasification Pilot Plant 4-66 
Rheinbraun High TEmperature Winkler Project 4-67 
Rheinbraun Hydrogasification of Coal To SNG 4-67 

West Penn Power Company KILnGAS Project 4-61 

Westinghouse Electric Appalachian Project 4-48 
KRW Advanced Coal Gasification System for Electric 4-62 

Power Generation
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