
23çoo3 

sv-ntfletic 
fne]its ® 

OIL SHALE	 0	 COAL	 0	 OIL SANDS 

VOLUME 22 - NUMBER 3 SEPTEMBER 1985 

QUARTERLY 

Tell Ertl Roos'itory 
..rhur Lak s Library 
i: ,n:uio School of Mos 

© THE PACE COMPANY CONSULTANTS & ENGINEERS, INC. 

® R.g. U.S. Pot. OFF.



Pace Synthetic Fuels Report is published by The Pace Company Consultants & 
Engineers, Inc., as a multi-client service and is intended for the sole use of the 
clients or organizations affiliated with clients by virtue of a relationship 
equivalent to 51 percent or greater ownership. Pace Synthetic Fuels Report is 
protected by the copyright laws of the United States; reproduction of any part 
of the publication requires the express permission of The Pace Company 
Consultants & Engineers, Inc. 

The Pace Company Consultants & Engineers, Inc., has provided energy consult-
ing and engineering services since 1955. The company's experience includes 
resource evaluation, process development and design, systems planning, market-
ing studies, licensor comparisons, environmental planning, and economic analy-
sis. The Synthetic Fuels Analysis group prepares a variety of periodic and other 
reports analyzing developments in the energy field. 

THE PACE COMPANY CONSULTANTS & ENGINEERS, INC 
SYNTHETIC FUELS ANALYSIS 

Project Manager 
Ronald L. Gist 

Contributing Consultant 
Jerry E. Sinor 

Washington Associate
Rip G. Rice 

Production Staff
Jeannette G. Stone

Mary H. Stuart
Marlene H. Tyras
Timothy R. Wolf

Jackie A. Robinson
Charla Fales 

Post Office Box 53473
Houston, Texas 77052

713/669-8800
Telex: 77-4350



CONTENTS 

HIGHLIGHTS
	 A-i 

I. GENERAL 

CORPORATIONS 

Annual Reports Indicate Continued Interest in Technology Development
	 1- 1 

GOVERNMENT 

Thirteen New Projects Apply for SFC Assistance and Five Projects Dropped 1-12 
SFC Program Could Save $11-$13 Billion According to Comprehensive Strategy Report 1-19 
House Votes to Rescind SFC Funding 1-20 
Two Projects Meet SFC Equity Requirement Deadline—Third Given Extension 1-20 
California Selects Methanol as Preferred Synfuel 1-20 

ENERGY POLICY AND FORECASTS 

Falling World Oil Prices Will Accelerate the Next Oil Crisis	 1-23 
Chevron Forecasts Large Need for Synthetic Fuels and Unconventional Oil After 2000 	 1-23 
Oil Exporting Countries to Gain Control in 1990	 1-27 

ECONOMICS 

Chevron Estimates Greatly Increased Syncrude Refining Costs
	 1-29 

TECHNOLOGY 

Commission of the European Communities Considers New Energy Objectives	 1-31 

ENVIRONMENT 

Oil Shale and Tar Sand Waste Waters Found to be Toxic to Plants 	 1-33 

RESOURCE

BLM-FS Interchange to Transfer Mineral Jurisdiction to Ps 1-36 
fiLM Issues Record of Decision for Book Cliffs Plan 1-38 

RECENT GENERAL PUBLICATIONS/PATENTS 1-40 

COMING EVENTS 1-42

SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



II. OIL SHALE 

PROJECT ACTIVITIES 

Decisions Forthcoming for Two Projects—Three Others Continue SFC Negotiations 	 2- 1 
Construction Begins on Oil Shale/Coal CFB Electric Demonstration Plant in Canada	 2- 1 

CORPORATIONS 

Chevron to Sell GulPs Interest in C-a Tract	 2- 2 
Sandia Proposes Oil Shale Rock Fragmentation Research Program 	 2- 2 

GOVERNMENT 

Seep Ridge Could Receive Up To $184 Million in SFC Assistance 	 2- 5 
SFC Proposes to Award $500 Million to Union Oil's Parachute Creek Project 	 2- 5 
Government to Grant Shale Asphalt License to WRI 	 2- 6 

ENERGY POLICY AND FORECASTS 

Poska Outlines Need for the Shale Industry in the United States	 2- 7 

ECONOMICS 

CSR Achieves Cost Savings for Retorting Julia Creek Oil shale 	 2- 8 

TECHNOLOGY 

Gulf Tests Ion Exchange Process for Denitrogenation of Shale Oil 2-10 
Olefins Production from shale Oil Improved by Blending with Petroleum 2-11 
Sohio Research Quantifies Aging of Crude Shale Oil 2-13 
Mobil Patents Lane and Pillar Mining System 2-16 
Edwards Engineering Patents Oil Shale Retort 2-17 
Exxon Patents Pre-Treatment Method for Arsenic Removal 2-19 
Mobil Patent Shows Use of Spent Oil Shale to Reduce Nitrogen in Shale Oil 2-19 
Patent Issued for Everman Hot Oil Retort 2-20 

INTERNATIONAL

Soviet Oil Shale Production Falls 2-21 
Difficulties of Expanding Soviet Union Oil Shale Described 2-21 
Marketable Transport Fuels Derived from Julia Creek Shale Oil 2-22 
Soviet Union Developing Improved Mining Methods for Oil Shale 2-24 

ENVIRONMENT 

BLM to Prepare EIS for IRI Nahcolite Mine 2-25 
In-Pile Drain Would Prevent Leachate From Spent Shale 2-25 
Mercury Emissions Tracked from Simulated in Situ Retort 2-27 
Solid Waste Estimates Compiled 2-28 

WATER 

Water Applications Related to Oil Shale Listed 2-30 

RESOURCE 

RMP issued for Grand Junction Resource Area 2-31 
Closely Spaced Coreholes Reveal Variability in Shale Grade at Colony 2-31 
iRI Coreholes Reveal Poor Rock Quality in Leached Zone 2-33

SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



RECENT OIL SHALE PUBLICATIONS/PATENTS 	 2-38 

STATUS OF OIL SHALE PROJECTS	 2-42 

III. OIL SANDS 

PROJECT ACrIVITIFS 

Dome Petroleum to Start $158 Million Project in Lindbergh Area 3- 1 
ERCB Approves Esso Cold Lake Phases V and VI 3- 1 
ERCB Surveys Heavy Oil, Oil Sands, and EOR Projects 3- 2 
SEC Evaluating Five Oil Sands/Heavy Oil Projects 3- 3 
PR Spring Project Proposed to SEC 3_ 3 
GNC Submits 5,000 BPD Sunnyside Project for SFC Assistance 3- 4 
SEC Receives Proposal for Project Utilizing CHEMECH Adapted Solvent Extraction Process 3- 5 
International Hydrocarbons Project Down-Sized in Reapplication to the SFC 3- 6 

CORPORATIONS 

Suncor Plans New In Situ Project at Burnt Lake 	 3- 7 
Imperial Oil Plans on Earnings Growth From Oil Sands 	 3- 7 
AOSTRA Continues to Negotiate for Development of Taciuk Processor	 3- 7 

GOVERNMENT 

Award for Forest Hill Project Proposed by SFC 	 3- 9 
SFC Receives Four Responses to Its Tar Sends Solicitation 	 3- 9 
Alberta Adopts Simplified Approval Procedures for Single Well Steam Stimulation Tests 	 3-11 

ENERGY POLICY & FORECASTS 

Encouraging Outlook for Heavy Crude and Tar Sands Noted	 3-13 
Shortage of Diluent for Heavy Crude May Appear by 1986 	 3-13 
Mineable Oil Sands Projects Could be Profitable If. . 	 3-14 

ECONOMICS 

Enhancements in Hot Water Extraction Maintain Economic Competitiveness of Process 3-16 
Dow's Methylene Chloride Process Shows Cost Advantage for Leaner Oil Sands 3-18 
Hydrotreating with ART Process Shows Promise for Upgrading Athabasca Bitumen 3-21 
Horizontal Wells Advantageous for , ln Situ Bitumen Recovery 3-23 

TECHNOLOGY 

Bechtel Develops New Horizontal Well Drilling Technology 3-26 
Blind Boring Through Oil Sands Pioneered at AOSTRA UTE Site 3-27 
Dynamic Fracturing Creates Horizontal Fractures in Oil Sands 3-29 
Esso Details System for Venting Well Casings at Cold Lake 3-32 
Synerude's Tails Oil Recovery Improves Extraction Efficiency 3-33 
Physical Separation Process Developed for High-Viscosity Tar Sands 334 
Oleophilic Sieve Pilot Plant Targets Sludge Recovery from Tailings Ponds 3-36 
New Correlation Developed for Cetane Number of Oil Sands Syncrudes 3-37 
Angelov and Shibley Patent Mechanical Separation Process for Oil Sands 3-38

INTERNATIONAL 

UNITAR Reports Extensive Heavy Oil and Tar Sands in the Soviet Union	 3-39 
Oil Sands Drilling Activity Picks Up in Canada 	 3-45 
Oil Mining Activities Increase in Romania 	 3-45 

iii	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



Heavy Crude and Tar Sands Under Development in Indonesia 3-47 
Malagasy Oil Sands Retorted in Taciuk Pilot Plant 3-48 

ENVIRONMENT 

Refinery Coke Recovers Organics from Oil Sands Tailings 3-51 
Heavy Metal Minerals Recovered from Oil Sand Tailings by Oil Phase Agglomeration 3-52 

RESOURCE 

Evidence Builds That Oil Sands Were Formed In Place 3-54 
BLM Issues Draft EIS for Lease Conversions in PR Spring and Hill Creek 3-57 
ERCB Increases Estimate of Alberta Crude Bitumen and Syncrude Reserves 3-59 

RECENT OIL SANDS PUBLICATIONS/PATENTS	 3-62 

STATUS OF OIL SANDS PROJECTS 	 3-67 

IV. COAL 

PROJECT ACTIVITIES 

DOE Rejects Assistance Plan for Great Plains, Sponsors Abandon Project 4- 1 
SFC Evaluating Fourteen Coal-Based Projects 4- 2 
I-I-R International Proposes Syngas Production Project to the SFC 4- 3 
Project Proposed to SFC Would Use Calderon Fixed-Bed Slagging Technology 4- 3 
Scrubgrass Submits Entrained-Flow Project to the SFC 4- 5 
Fuel Gas/Methyl Fuel Project Proposed to SFC by Air Products - 6 
Ohio-1 Project Proposed to SFC for Methyl Fuel and Ammonia Production 4- 6 
TONO 2 UCO Field Test Organized 4' 7 
Bottrop Liquefaction Plant Installs Larger Reactor 4- 9 
Cool Water Spreads the Word of Success 4-10 
Design and Construction Contract Awarded for AEM's Liquefaction/Cogeneration Plant 4-12 
KILnGAS Commercial Module Achieves 60 Day Demonstration 4-12

CORPORATIONS 

EPRI Outlines Clean Coal Technology Program	 1
4-15 

Once-Through Methanol Process Proposed for TVA's Ammonia-from-Coal Plant 	 4-16 

GOVERNMENT 

Ten Projects Submitted in Response to SFC Coal Gasification Solicitation 	 4-19 
Clean Coal Technologies Evaluated by DOE 	 4-20 
SFC Solicitation for Coal-Water Fuel Projects Ends Without Any Awards 	 4-26 

ENERGY POLICY AND FORECASTS 

Congress Studies Barriers to Increased Coal Utilization 	 4-27 

ECONOMUS 

French Study Finds UCG Economical for Western Europe	 4-29 

TECHNOLOGY 

Synergism Possible for Building an EDS Module at an Existing Power Plant	 4-32 
Kerr-McGee Finds Co-Processing of Coal and Bitumen Promising 	 4-32 
Synergistic Effects Noted in Co-Processing Study	 4-35 
Excessive Trace Components Found in Coal Gas for Methanol Synthesis 	 4-39 

iv	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



INTERNATIONAL 

Spanish Lignite Evaluated for Underground Coal Gasification 4-42 
GEGS Seeks Additional Members for UCG Testing 4-43 
Pilot Plant for YEW Partial Gasification Process Due Onstream 4-46 
U-Gas Process Tested on Utah, French Coals 4-48 
Lummus Crest Selected for Feasibility Study of Greek Lignite Gasification Complex 4-50 
Saarberg Coal/Oil Coprocessing Developments Noted 4-51 
Comflux Methanization Process Awaits Commercial Applications 4-52 

ENVIRONMENT 

Rawlings UCG Site Restoration Nearing Completion 4-53 
Partial Seam CRlF Tar Analyzed 4-53 

RESOURCE

Court Voids 1982 Powder River Basin Coal Leases in Montana 4-56 

RECENT COAL PUBLICATIONS/PATENTS 4-57 

STATUS OF COAL PROJECTS 4-60

V. APPENDIX 

United States Synthetic Fuels Corporation Comprehensivie Strategy Report 	 5- 1 
United States Synthetic Fuels Corporation Solicitation for Projects to Produce Synthetic Fuels 	 S-il 

by Mining and Surface Processing Tar Sands

SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

Thirteen New Projects Apply for SFC Assistance and Five Projects Dropped 

During the third quarter of 1985, the United States Synthetic Fuels Corporation 
(SFC) increased its slate of projects under active consideration by a net of eight 
projects. Four new projects applied for assistance under the solicitation for 
mining and surface processing tar sands projects. Also, nine new projects 
applied to the solicitation for eastern bituminous coal gasification projects. 
However, five coal-based projects were dropped from further consideration 
during the quarter. The status of the 25 active projects before the SFC is 
summarized on page 1-12. 

California Selects Methanol as Preferred Synfuel 

The California Energy Commission (CEC) recently issued its 1985 California 
Energy Plan. In the report, the CEC describes its policy of developing a 
"portfolio approach" to providing energy supplies that are less susceptible to 
price increases and disruptions. As summarized on page 1-20, the CEC plans to 
promote methanol as the preferred synthetic fuel for the transportation sector. 

Chevron Forecasts Large Need for Alternate Fuels After 2000 

The article on page 1-23 summarizes Chevron Corporation's forecasts of 
worldwide energy supply and demand to 2000. Although only 1 million barrels 
per day of synthetic liquids are forecast to be in production by 2000, Chevron 
foresees a need for large amounts of synthetic fuels and unconventional oil 
beginning in the first decade of the 21st century. 

Falling World Oil Prices Will Accelerate the Next Oil Crisis 

Most people assume that the farther oil prices fall, the longer it will be before 
alternate energy investments such as synthetic fuels can become economically 
feasible. This is not necessarily true, as explained on page 1-23. 

Chevron Estimates Greatly Increased Syncrude Refining Costs 

Chevron Research Company has updated a series of estimates of the cost of 
refining various syncrudes. These estimates may be twice as high, in dollars per 
barrel, as estimates prepared five years ago. They range from $11 to over $25 
per barrel for upgrading and refining, exclusive of the cost of producing the 
syncrude. Details may be found on page 1-29. 

BLM-FS Interchange to Transfer Mineral Jurisdiction to Forest Service 

The Department of the Interior's Bureau of Land Management and the Depart-
ment of Agriculture's Forest Service have proposed a massive transfer of 
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resource management responsibilities between the two agencies in order to 
increase operating efficiency. Additional details of the proposed transfer have 
been released and a series of public meetings are summarized in the article on 
page 1-36. A major effect would be the transfer of roughly one-half of BLM's 
responsibilities for mineral leasing to the Forest Service. 

BLM Issues Record of Decision for Book Cliffs Plan 

The Bureau of Land Management's Record of Decision for the Book Cliffs 
Resource Management Plan outlines the Bureau's approach to future leasing of 
tar sand and oil shale resources in the Book Cliffs area of Utah. A brief 
summary may be found on page 1-38. 

Chevron to Sell Gulfs Interest in C-a Tract 

As part of the Chevron-Gulf merger, Chevron acquired Cults 50 percent 
interest in the Rio Blanco Oil Shale- Company and federal lease tract C-a. 
Chevron has announced its intention to dispose of that interest (page 2-2). 

Two Oil Shale Projects Tentatively Scheduled for SFC Assistance 

At their meeting on August 21, 1985 the SFC Board of Directors requested that 
its staff complete negotiations by September 13, 1985 with the sponsors of the 
Seep Ridge and the Union Oil Parachute Creek projects. SFC could provide up 
to $500 million to the Union Oil project and up to $184.34 million to the Seep 
Ridge project. Details of the proposed assistance packages are summarized in 
two separate articles that begin on page 2-5. 

Poska Outlines Needs for the Shale Industry in the United States 

A presentation by Dr. F. L. Poska, Director of Development and Technology for 
Sohio, outlines some of the lessons learned about shale development in the last 
few years and suggests needs for the future (see page 2-7). 

CSR Achieves Cost Savings for Retorting Julia Creek Oil Shale 

A new retorting concept for Julia Creek, Australia shale has been under study 
by CSIRO and CSR. The process, described on page 2-8, involves a rotating kiln 
retort, heated by recirculated spent shale from a fluidized bed combustion unit. 

Gulf Tests Ion Exchange Process for Denitrogenation of Shale Oil 

Gulf Research and Development Company has tested a process for denitrogena-
tion of shale oil, consisting of mild catalytic hydrogenation followed by 
absorption of the nitrogen species on an ion-exchange resin. The experimental 
results (page 2-10) suggest that the concept might be competitive with severe 
hydrodenitrogenation if the nitrogen level is reduced below 0.09 percent in the 
first step.
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Olefins Production from Shale Oil Improved by Blending with Petroleum 

Work carried out at M. W. Kellogg Company shows that blending some petro-
leum light gas oil with the gas oil from shale oil can greatly reduce the amount 
of coke deposition when the shale oil is steam pyrolyzed to produce olefins. 
These results, discussed on page 2-11, suggest an interesting alternative to the 
proceedure of hydrotreating prior to pyrolysis. 

Sohio Research Quantifies Aging of Crude Shale Oil 

Crude shale oils aged in contact with air show various changes, such as 
increases in viscosity and decreases in electrical resistivity. A research 
program carried out at Sohio (page 2-13) indicates that methods have been 
developed to stabilize freshly retorted shale oil. 

Difficulties of Expanding Soviet Union Oil Shale Described 

An analysis of development prospects for various oil shale regions in the Soviet 
Union concludes that, until the end of the century, only the Baltic Basin shales 
will be feasible for development. The study described on page 2-21 notes, 
however, that the economic effectiveness of developing the Baltic oil shale is 
increasing. 

Marketable Transport Fuels Derived from Julia Creek Oil Shale 

CSR Limited has been studying the Julia Creek oil shale in Australia for several 
years. A summary of their investigations into the production of specification 
transport fuels from raw shale oil begins on page 2-22. 

Mercury Emissions Tracked from Simulated In Situ Retort 

Continuous measurements of mercury emissions from a simulated in situ retort 
show that mercury concentrations appear in a series of waves. Thus grab 
samples at any one time could show either zero or very high levels of mercury. 
The overall results (page 2-27) show about 74 percent of the total mercury in 
oil shale appearing in the gaseous phase. 

Solid Waste Estimates Compiled for Oil Shale 

Estimates of the amount of all types of solid wastes produced by a commercial 
shale oil operation are needed for various permit applications and environ-
mental impact statements, etc. A summary of the estimates which have been 
made by various projects was prepared by the EPA (see page 2-28). 

RMP Issued for Grand Junction Resource Area 

The Bureau of Land Management's Grand Junction Resource Area does not 
contain significant oil shale resources. However, to develop a number of 
private resource holdings it is important with respect to the need for rights-of-
way. A summary of the BLM's proposed resource management plan for this 
area is given on page 2-31.
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Closely Spaced Coreholes Reveal Variability in Shale Grade at Colony 

A series of closely-spaced (100 feet) coreholes were drilled in the Mahogany 
Zone from the road bench at the Colony project. Analysis of these cores 
described on page 2-31 suggests that variabilities in shale grade may require 
the development of in-mine sampling procedures to assure a constant retort 
feed grade. 

Dome Petroleum to Start $158 Million Project in Lindbergh Area 

Dome Petroleum, Sulpetro, and CNG Producing Company have filed an applica-
tion with the Alberta Energy Resources Conservation Board for a commercial 
crude bitumen project in the Lindbergh region (see page 3-1). The development 
is expected to raise area production at Lindbergh to 15,000 barrels per day by 
1989. 

ERCB Approves Esso Cold Lake Phases V and VI 

Esso Resources Canada Limited, in accelerating the timetable for its Cold Lake 
project, has received ERCB approval for immediate start on Phases V and VI. 
Details of the application may be found on page 3-1. Plant startup is scheduled 
for the second quarter 1986. 

Suncor Plans New In Situ Project at Burnt Lake 

Suncor Inc. has agreed to purchase oil sands rights from Dome Petroleum on 
48 sections in the Primrose area of Northeastern Alberta. As summarized on 
page 3-7, the company announced that it will begin a 5,000 barrels per day 
steam stimulation project at the site, to be called the Burnt Lake project. 

AOSTRA Continues to Negotiate for Development of Taciuk Processor 

The Alberta Oil Sands Technology and Research Authority still hopes to find 
industrial co-sponsors for a 90 tons per hour demonstration plant to test the 
Taciuk retorting process for oil sands. Although negotiations are said to be 
continuing with two firms, it appears that AOSTRA will have to shoulder a 
larger percentage of the costs if the project is to get under way (see page 3-7). 

Award for Forest Hill Project Proposed by SFC 

The SFC Board of Directors has directed its staff to complete negotiations with 
the sponsors of the Forest Hill heavy oil project by September 13, 1985. Terms 
of the proposed $60 million loan and price guarantee ate summarized on 
page 3-9. 

SFC Receives Four Responses to Its Tar Sands Solicitation 

The SFC received four proposals in response to its solicitation for tar sands 
projects that utilize mining and surface processing methods. As described on 
page 3-9, the following projects will now compete for SFC assistance: the 
CHEMECH project in Logan County, Kentucky; the International Hydrocarbons 
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project proposed for Sunnyside, Utah; the PR Spring project near Vernal, Utah; 
and the Sunnyside project in Carbon County, Utah. 

Shortage of Diluent for Heavy Crude May Appear by 1986 

An analysis by Petro-Canada suggests that shortages of diluent needed to 
transport heavy crude and bitumen by pipeline may begin appearing by 1986. 
According to the authors of the study (page 3-13), the rapidly increasing output 
of bitumen, coupled with declining production of natural gas condensate makes 
a supply/demand crunch almost inevitable. The condensate shortfall could 
reach as much as 20,000 barrels per day before planned upgrading projects come 
onstream. 

Mineable Oil Sands Projects Could be Profitable If... 

The Alberta Chamber of Resources recently outlined its thoughts on the 
viability and desirability of a new oil sands mining project. According to the 
ACR (page 3-14), public expectations of revenue from oil sands projects are 
unrealistically high. Given the proper conditions, however, ACR states that an 
oil sands mining project could be profitable in the 1980s. 

Enhancements in Hot Water Extraction Maintain Economic Competitiveness 

Recent enhancements to the hot water extraction process, as developed by 
Syncrude Canada Ltd., have been compared to other processes under develop-
ment. As reported on page 3-16, the enhancements reduce the estimated cost 
of producing synthetic crude oil from a lean oil sand by over one-third. 

Syncrude's Tails Oil Recovery Improves Extraction Efficiency 

A new system to recover bitumen being lost to the coarse sand tails from the 
primary separation vessel has been developed at Syncrude, Inc. As described on 
page 3-33, this process greatly increases bitumen recovery efficiencies for low-
grade ores. 

Oleophilic Sieve Pilot Plant Targets Sludge Recovery from Tailiings Ponds 

The Kruyer oleophilic sieve process is being tested in a pilot plant for the 
recovery of bitumen from tailings pond sludge at the Suncor plant site. Suncor 
expects to begin a large-scale transfer of tailings in 1990. As noted on 
page 3-36, use of the oleophilic sieve process could offer a chance to reclaim 
large quantities of bitumen during the transfer operation. 

Angelov and Shibley Patent Mechanical Separation Process for Oil Sands 

A United States patent has been issued for an oil sands separation process which 
involves cooling the ore until the bitumen becomes solid, then lightly crushing 
the ore so that most of the bitumen can be separated from the sand by a solids 
classification process (see page 3-38).
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Heavy Crude and Tar Sands Under Development in Indonesia 

Indonesia has ten fields that produce heavy crude oil and one that produces tar 
sands. A description of the Duri Field heavy oil steam flood—the largest 
project of its kind in the world—is given on page 3-47. 

Malagasy Oil Sands Retorted in Taciuk Pilot Plant 

Oil sands from the Betnolanga deposit on the island of Madagascar have been 
tested in a pilot scale Taciuk retort. Test results, shown on page 3-48, yielded 
up to 14 gallons per ton. The oil produced from Bernolanga oil sand was light in 
specific gravity and low in sulfur concentration. 

BLM Issues Draft LIZ for Lease Conversions in PR Spring and Hill Creek 

The United States Bureau of Land Management issued a draft Environmental 
Impact Statement for the PR Spring and Hill Creek Special Tar Sand Areas. 
The analysis concludes that the impacts of the ten proposed projects in this 
area would be individually manageable without undue impacts. BLM's preferred 
alternative is to grant the lease conversions being requested (see the article on 
page 3-57 for a list). 

ERCB Increases Estimate of Alberta Crude Bitumen and Syncrude Reserves 

The Alberta Energy Resources Conservation Board updated its annual estimate 
of Alberta reserves and noted an increase of 15.6 billion cubic meters of 
bitumen in place, or 6 percent more than its last estimate a year ago. A 
complete summary of the reserve estimates is given on page 3-59. 

DOE Rejects Assistance Plan for Great Plains 

On July 30, 1985 the United States Department of Energy (DOE) rejected a 
financial assistance plan that had been proposed by the SFC for the Great 
Plains project. Therefore, the five sponsoring companies withdrew from the 
project and defaulted on the DOE-guaranteed loan. As described on page 4-1, 
the project is presently being operated for DOE pending the resolution of 
several issues. 

TONO 2 Underground Coal Gasification Field Test Organized 

The TONO 2 underground coal gasification field demonstration program is 
planned for 1986. This project is being sponsored by the Department of Energy 
and the Gas Research Institute. The test plan, organization, and schedule are 
summarized on page 4-7. 

Bottrop Liquefaction Plant Installs Larger Reactor 

The 200 tons per day pilot plant at Bottrop, West Germany is the largest direct 
coal liquefaction pilot plant still operating in the world. In an article on 
page 4-9, the status of the plant is discussed and plans for a 2,500 tons per day 
demonstration plant are mentioned.
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Cool Water Spreads the Word of Success 

The Cool Water integrated gasification combined-cycle demonstration plant has 
completed a highly successful first year of operation. As discussed on 
page 4-10, all essential process design parameters pertaining to efficiency, 
emissions, and availability have already been confirmed with the design coal. 
Project sponsors believe that a commercial project would be feasible by mid-
1986. 

Ten Projects Submitted in Response to SFC Coal Gasification Solicitation 

As described on page 4-19, the SFC received preliminary qualification state-
ments describing ten projects that were submitted in response to its Solicitation 
for Eastern Province and Eastern Region of the Interior Province Bituminous 
Coal Gasification Projects. The following projects were submitted: COGA-1, 
Calderon/Bowling Green, Ohio-I, Keystone, Scrubgrass, Air Products Gasifica-
tion, H-R international Gasification, Virginia Power, CHEMECH, and Davis 
Synthine. 

Clean Coal Technologies Evaluated by DOE 

An Appendix in DOE's Report to Congress on Emerging Clean Coal Technologies 
contains an analysis of 16 clean coal technologies. These analyses, summarized 
on page 4-20, include DOE's assessment of each technologies' status of develop-
ment, environmental aspects, economics, and usefulness. 

Congress Studies Barriers to Increased Coal Utilization 

The staff of the House Subcommittee on Fossil and Synthetic Fuels of the 
Committee on Energy and Commerce has issued a report on barriers to 
increased coal utilization. Acid rain and the greenhouse effect are the major 
barriers. Use of coal for synfuels will be constrained by economics. The staff 
estimate of synfuel costs is shown on page 4-27. 

French Study Finds UCG Economical for Western Europe 

The Groupe d'Etude de la Gazeification Souterraine du Charbon estimates that 
underground coal gasification in thick seams at intermediate depths is currently 
economical within European conditions. The group studied the production of 
medium heating value fuel gas, synthesis gas, methanol, and synthetic natural 
gas, and concluded that profitable cases could be developed for all product 
configurations. Economic estimates (page 4-29) were based on directionally 
drilled horizontal links between well pairs. 

Synergistic Effects Noted in Co-Processing Studies 

As described on page 4-35, researchers at the University of Wyoming have 
studied co-processing of Wyodak subbituminous coal and six non-coal-derived 
heavy oils including heavy ends of conventional crude, tar sands bitumen, and 
shale oil. An apparant synergism toward distillate production was observed 
when coal and heavy oil are converted simultaneously at mild liquefaction 
conditions.
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Excessive Trace Components Found in Coal Gas for Methanol Synthesis 

A study described on page 4-39 found that sulfur, chloride, cyanide, and nickel 
carbonyl concentrations in coal-derived synthesis gas are higher than allowable 
limits for methanol catalysts. The tests were conducted at the Tennessee 
Valley Authority's ammonia-from-coal project at Muscle Shoals, Alabama. 

GEGS Seeks Additional Members for UCG Testing 

The Groupe d'Etude de la Gazeification Souterraine (GEGS) or Underground 
Gasification Study Group is planning to conduct tests in France using the 
Controlled Retracting Injection Point (CRIP) technology. Additional members 
can join the group by contributing 5 million francs (approximately $590,000 
U.S.) for the tests, which are described in detail on page 4-43. 

Pilot Plant for VEW Partial Gasification Process Due Onstream 

A 10 tons per hour pilot plant has been built in West Germany to demonstrate 
the VEW partial gasification process for combined-cycle power production. 
This is an entrained flow air-blown process which produces both a gas and a 
char for combustion in a power plant. Specific advantages of this approach are 
discussed on page 4-46. 

Underground Gasification of Spanish Lignite Appears Uneconomical 

Energy International Inc. evaluated the underground gasification of a particular 
lignite deposit to produce fuel gas for an electrical power plant near Andorra, 
Teruel, Spain. Their conclusions, summarized on page 4-42, were that the 
limited size and quality of this particular resource made it uneconomical to 
exploit by underground gasification. 

Saarberg Coal/Oil Co-Processing Developments Noted 

Gesellschaft fur Kohleverflussigung of West Germany has experimented with 
coal/oil co-processing concepts based on the IG-Farben coal liquefaction tech-
nology. As noted in the article on page 4-51, the preferable route was found to 
consist of hydrogenating the oil first, then using the hydrogenation residue for 
coal co-processing. 

Comflux Methanation Process Awaits Commercial Applications 

The Comflux process is a single-stage combined shift conversion and methana-
tion process operating in a fluidized bed. According to the developer, 
Thyssengas GmbH (page 4-52), pilot plant tests have been successfully con-
cluded and the process is now ready for commercial application. 
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CORPORATIONS 

ANNUAL REPORTS INDICATE CONTINUED 
INTEREST IN TECHNOLOGY DEVELOPMENT 

As a continuation of the article begining on page 1-1 of 
the June 1985 Pace Synthetic Fuels Report, the follow- 
ing are direct quotations from the 1984 annual reports 
of companies involved in the synthetic fuels industry. 
These excerpts indicate continued industry interest in 
synthetic fuels technology development. However, 
most United States companies have "gone back to the 
drawing board" and have resorted to laboratory or pilot 
plant studies rather than commercial-scale projects. 
This trend is not reflected in annual reports from 
Canadian companies. 

The decline in industry support of commercial synthetic 
fuels projects that began in 1982 continued during 1984. 
Many projects were slowed, deferred, or cancelled 
primarily due to economic considerations. Several 
forces contributed to the downturn in the synthetic 
fuels industry. First, the drop in conventional energy 
prices reduced the near-term prices that could be 
realistically expected for synthetic fuels. Second, the 
worldwide recession reduced many companies' revenues, 
thus reducing their capability to fund major capital 
expenditures. Third, interest rates remained high, thus 
increasing the cost of financing large projects. 

ADVANCE ROES CORPORATION 

Utah Shale Land & Minerals Corporation (USLMC), 
approximately 25 percent owned by the Company, owns 
approximately 19,200 acres of oil shale land in the 
Uinta Basin in Utah. 

USLMC has granted a shale oil lease on its property to 
Geokinetics, Inc. The primary term of the lease is for a 
period of ten years from April 1, 1977 unless sooner 
terminated in accordance with further provisions of the 
lease, and so long thereafter as oil shale products are 
being produced. To keep the lease in effect, Geokine-
tics was to commence construction of facilities for the 
production of oil shale by no later than the end of the 
fifth year (March 31, 1982). Since Geokinetics was 
moving forward with diligence and in good faith, 
USLMC decided that waiving the March 31, 1982 date 
would be in the best interest of both parties. In return, 
Geokinetics agreed to prepay all of the minimum annual 
advance royalties due USLMC between 1983 and 1986. 
This prepayment is being amortized over a four year 
period commencing in 1983. 

Under the terms of the lease, as amended, USLMC is to 
receive annual advance royalties of $100,000 for years 
one and two; $50,000 for the third year; $175,000 for 
the fourth year; $225,000 for the fifth year; $250,000 
for years six thorugh ten; and $450,000 thereafter or 
6 percent royalty of all production, whichever is the 
greater. During the primary term of the lease, the 
lessee is entitled to a credit, against annual advance 
royalties other than the advance royalty received for 
the first year, for all expenditures for direct expenses

which the lessee makes in connection with oil shale 
operations conducted on USLMC's land. Such credit 
cannot reduce any annual advance royalty payable to 
USLMC to less than $50,000 annually, which was the 
amount received in 1978 through 1982, inclusive. 

During 1980, Geokinetics was awarded a $1.9 million 
grant from the Department of Energy to perform a 
technical and economic feasibility study of a commer-
cial oil shale production facility on the USLMC's pro-
perty. As part of this study Geokinetics has conducted 
a drilling program on USLMC's property. 

ALBERTA OIL SANDS TECHNOLOGY 
AND RESEARCH AUTHORITY 

The major AOSTRA field pilots, initiated during the 
1976 to 1978 period, are now reaching a mature stage, 
and it is possible to make the following assessments of 
the commercial outlook of these pilots: 

• The AOSTRA, Shell Canada Resources Ltd. and 
Shell Explorer Ltd. pilot at Peach River has 
continued to perform well, and Shell has applied 
to the Energy Resources Conservation Board to 
expand the pilot to 10,000 barrels per day. 
Shell is also undertaking a feasibility study for 
a further expansion to 40,000 barrels per day. 
The AOSTRA/BP Exploration Canada Limited 
pilot project at Cold Lake has completed the 
steam stimulation phase, and based on encour-
aging results, BP has received approval from 
the Energy Resources Conservation Board for 
the 7,000 barrels per day commercial Wolf Lake 
project. Meanwhile, the original pilot is now 
well into the follow-up combustion phase, de-
signed to Increase oil recovery from the reser-
voir.	 - 
As indicated In previous annual reports, the 
AOSTRA/Amoco Canada Petroleum Company 
Ltd. project in the Athabasca deposit (Gregoire 
Lake site) was unsuccessful in meeting its tech-
nical targets, largely due to our inability to 
establish interwell communication. AOSTRA, 
Amoco, and Petro-Canada Exploration Inc. have 
recently begun a new pilot in an attempt to 
overcome the problems previously experienced. 
The AOSTRA/Union Oil Company of Canada 
Limited pilot in the bituminous carbonate re-
servoir, which underlies the Athabasca deposit, 
has proceeded during the past year with some 
encouraging results, but still leaving a number 
of key technical questions to be resolved. A 
successful pilot would likely lead to a small 
5,000 barrels per day commercial project at an 
early date. 
The UMATAC Industrial Processes Ltd. dry 
retorting 5 tonne per hour pilot program for 
extracting oil from mined oil sands, has been 
successfully completed in Calgary. AOSTRA 
has designed a 90 tonne per hour demonstration 
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plant and if on-going economic assessments of 
this process continue to be favorable, and if 
industry participation is obtained, this demon-
stration project will be built near Fort 
McMurray. 

AOSTRA and Vikor Resources Ltd. have ini-
tiated an enhanced oil recovery pilot using a 
carbon dioxide miscible flood process In an 
abandoned reservoir near Red Deer. If this 
pilot is successful, the test program will be 
expanded thorughout the entire field. The 
process should have application in other partial-
ly depleted sandstone reservoirs in the pro-
vince. 

The major weakness in Alberta's current in situ recov-
ery technology remains the difficulty of recovering 
bitumen from the deeply burled parts of the Athabasca 
deposit. This deposit has the largest reserves, but Is 
proving to be the most difficult to develop by in situ 
methods. AOSTRA is supporting four key projects to 
meet the technical challenge. They are: 

• Project A—A new pilot with Amoco and Petro-
Canada, using steam and additive concepts 
developed at the Alberta Research Council. 

• Project B—An underground test facility near 
Port McMurray, incorporating shafts, tunnels, 
and horizontal wells for which industry support 
Is being solicited. 

• Project C—An electrical preheat development 
program, building on earlier work of Atlantic 
Richfield Company and Petro-Canada and Its 
partners. 

• Project fl—Participation in the pilot work of 
Canterra Energy Ltd. using a combined hot 
water/steam drive process. 

In addition to the critical field pilot tests, the oil sands 
industry requires technical support in a wide spectrum 
of areas, including* 

• Bitumen and heavy oil upgrading 
• Water treatment 
• Residue and coke conversion 
• Equipment testing 
• Laboratory support 
• Information and data storage and retrieval. 

AOSTRA is supporting the industry in all of thse areas. 
It is this comprehensive capability which has resulted in 
Alberta being recognized as the heavy oil/oil sands 
technology centre of the world. 

One of the most important accomplishments of the 
AOSTRA-supported programs has been the development 
of technology capable of being commercialized on a 
relatively small scale, and used broadly across the 
province, from Peace River in the northwest to Suffield 
in the southeast. As a result, Alberta is now In a good 
position to develop a solid commercial base for its oil 
sands industry, a base which should grow and sustain the 
industry for literally hundreds of years. AOSTRA is 
only one of the participants in this exciting endeavour,

but has been a key one, particularly in its role of 
sustaining the existing projects during the recent reces-
sionary period. 

ALBERTA RESEARCH COUNCIL 

In an attempt to produce an oil sands coke that may be 
burned with significantly reduced sulfur dioxide emis-
sions, researchers have mixed oil sands bitumen with 
calcium hydroxide and coked it in the laboratory at 
480°C. The Alberta Research Council started a joint 
project with AOSTRA on the upgrading of bitumen to 
synthetic crude oil and the development of catalysts for 
upgrading. In another project with AOSTRA, re-
searchers are investigating the addition of coal to 
improve conversion of bitumen and heavy oil to synthe-
tic crude. 

The Alberta Research Council's program is focused on 
developing a new technology so that bitumen can be 
recovered directly from the 90 percent of the oil sand 
reserves lying 50 to 800 metres underground. The 
Alberta Research Council devoted a substantial effort 
to oil sands research in the Cold Lake region. It was 
the first time the Research Council had conducted 
research on oil sands recovery processes other than in 
the Athabasca region. Researchers have studied pro-
mising recovery processes under Cold Lake reservoir 
conditions using steam and steam plus carbon dioxide. 
In conjunction with this work research was performed 
on the chemical interaction between injected hot fluids 
and the Cold Lake oil sands matrix material. Numeri-
cal modelling also contributed in a major way to 
research on Cold Lake oil sands. Another important 
area of research on the Cold Lake oil sands was in field 
sampling. The basic goal of this research is to develop 
techniques for collecting water samples from pilot 
projects to compare what is injected with what is 
recovered. The relative amount of oil and water in an 
oil sands formation was studied in order to understand 
better the flow of fluids thorugh the formation during a 
given recovery process experiment. Another develop-
ment in 1984 was the addition of a silica transport 
model to the thermal reservoir model. For the first 
time, the capillary pressure between fluid phases in oil 
sands at elevated temperatures was measured. Also for 
the first time, a series of experiments was completed 
with pure sand to ensure the relative permeability of 
the bitumen-water system at field conditions (125°C to 
250°C). To overcome the problem of sand plugging 
production wells, when sand is transported in production 
fluids in the cyclical steamflood process of bitumen 
recovery, the Alberta Research Council developed a 
sand exclusion filter under contract for Texaco Canada 
Resources Limited. Regional geological investigations 
on all of Alberta's major oil sands and heavy oil deposits 
continued. A detailed reservior study was started for 
the underground test facility being developed by 
AOSTRA. 

Managed by the Alberta Research Council, the Alberta 
Oil Sands Information Centre is funded by AOSTRA. 
The centre is a central source of all published informa-
tion on oil sands, enhanced recovery processes, and 
heavy oils. It responded to approximately 3,000 inquir-
ies in these areas. The Coal Technology Information 
Centre is jointly funded by the Alberta Research Coun-
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cii and the Alberta/Canada Energy Resources Research 
Fund. The centre provides information on mining 
technology, coal beneficiation, coal conversion (lique-
faction and gasification), combustion, environmental 
aspects, and energy policy. 

The Oil Sands Analytical Laboratory provided analytical 
support and guidance to projects in the Oil Sands 
Research Program. It provided a range of specialized 
analytical services to other research programs in the 
Alberta Research Council, government departments, 
and industry. It also coordinated inter-laboratory sam-
ple exchange programs in the analysis of oil sands and 
bitumen. The laboratory continued efforts , to improve 
analytical methods related to the study and analysis of 
bitumen, oil sands, and production fluids, and in devel-
oping new methods for charcterization of bitumen and 
bitumen components. These efforts included studies of 
asphaltene and agglomeration and precipitation from 
different solutions of bitumen. 

ALLIS-CHALMERS CORPORATION 

Our process equipment business, excluding KILnGAS 
program costs, has remained profitable In each of the 
last five years in spite of severe pressure from seriously 
depressed markets. Thus, as signs of improvement 
develop in many of the markets, we look ahead to a 
promising new era in which the process equipment 
operating companies can concentrate on future oppor-
tunities for their core businesses: air quality control, 
fluids handling, and solid material processing. 

Looking only a little farther into the future, we see 
considerable potential for dealing with some of indus-
trial society's more serious environmental problems; 
here, Allis-Chalmers capabilties include the KILnCIAS 
system's potential for converting high-sulfur coal into 
clean gaseous fuel and applying pyroprocessing techno-
logies to the large-scale processing of hazardous wastes 
and soil detoxification. 

BROWN & ROOT, INC. 

Two projects were completed in the western Unitd 
States involving an oil shale reserve anlaysis by com-
puter for the United States Synthetic Fuels Corpora-
tion, and consulting services to establish a location for 
a demonstration cement plant for FRM Minerals in 
Arizona. 

CANADIAN WORLDWIDE ENERGY LIMITED 

The benefits of CWWE's phased development of its 
heavy oil properties continued to be realized in 1984. 
Heavy oil sales increased 42 percent in 1984, contribut-
ing 43 percent of CWWE's gross revenue. 

Due to the capital intensive nature of the steaming 
process, a phased development was pursued. This 
minimizes the capital and technological risk at each 
phase, and provides revenue to finance future expan-
sions. Work commenced at the Fort Kent property in 
1974 utilizing a single well pilot test, with several

expansion phases following. The field was brought to a 
mature stage of development in 1983 with the complc-
tion of the Phase ill expansion. Phase Ill added 82 
productive wells to the project, bringing the total num-
ber to 118. 

In 1978, CWWE farmed out a portion of the project to 
Suncor Inc., retaining a 50 percent working interest in 
the 4,960 acre property. Suncor assumed operatorship 
in 1980. 

Additional wells from Phase III commenced production 
in 1984 after being steamed in the latter part of 1983, 
boosting gross sales from 2,172 to 3,076 barrels oil per 
day in 1983 and 1984, respectively. Work has also 
continued to optimize the operation of the new facili-
ties and production from all of the wells. 

The steam recovery process utilized at Fort Kent is 
commonly referred to as the "huff-and-puff" process, 
where steam is alternately Injected into the wells, and 
the oil/water mixture is then produced. Steam flood 
has been demonstrated to substantially increase the 
ultimate recovery over "huff-and-puff" once communi-
cation has been established between wells. In this 
process, steam is continuously injected into certain 
wells, with production continuing from the adjacent 
wells. 

A steam flood was initiated at Fort Kent in 1980 to 
investigate the additional recovery by this process, 
utilizing a single steam injection well. Successful 
results from this test led to the Initiation of a second 
steam flood pattern in 1984. Additional patterns will 
continue to be developed throughout the project as a 
follow up recovery method to "huff-and-puff." 

While the Fort Kent project has reached a mature stage 
of development, this is by no means the end of efforts 
to expand oil recovery from the project. The project 
now operates on the most productive area of the lease, 
comprising 585 acres out of the total of 4,960 acres. 
By utilizing the existing facilities, the potential exists 
to economically develop lower-grade reserves in the 
remaining undeveloped area. To this end, three evalua-
tion wells were drilled in 1984, incluing one on an adja-
cent block of acreage. One of these wells was cased as 
a potential producing well, which could form the basis 
for an additional cluster of ten wells immediately 
offsetting the existing project. The feasibility of 
further work on this cluster will be determined in 1985. 
Additional seismic and drilling activity is planned in 
other areas of the lease to fully delineate the heavy oil 
deposits. 

Laboratory research into steam additives such as car-
bon dioxide and methane is being carried out with the 
Assistance of AOSTRA. Work is continuing to complete 
the program in early 1985, which will enable a decision 
to be made regarding a field pilot test. Field tests are 
also being conducted to evaluate the addition of sur-
factants and diverting agents to the steam. 

Production from Fort Kent received a price of $31.30 
per barrel In 1984, compared to $30.28 in 1983. In 
addition, due to its experimental nature, the project is 
subject to only a 5 percent Crown royalty, and received 
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a complete holiday from the PG}{T in 1984. 

Heavy oil project developments in the immediate area 
by other operators have raised the possibility of utiliz-
ing the strategic location of Fort Kent to provide 
services such as oil and water treating on a tariff basis. 
This approach would maximize the use of CWWE's 
capital investment and provide additional revenue. Op-
portunities of this type will continue to be actively 
pursued In 1985. 

In addition to the Fort Kent project, CWWE is Involved 
in two other heavy oil properties. The Muriel Lake 
heavy oil project comprises 7,040 acres, containing an 
estimated 500 million barrels of heavy oil, in which 
CWWE holds a 40.91 percent interest. Seventeen wells 
have been drilled In the project, and asociated steam 
and production facilities are in place. Although oil was 
produced, large volumes of water from an underlying 
water zone made continued operation uneconomic under 
present conditions. Consequently, field work was sus-
pended in January 1984. CWWE is actively pursuing 
methods to further exploit this large resource through 
new technological developments or participation by 
other parties, with a view to resuming testing In the 
near future. 

CWWE also holds a 25 percent working interest in the 
Charlotte Lake heavy oil property. This 8,960 acre 
lease contains an estimated 300 million barrels of oil, 
which has been delineated during the drilling and coring 
of gas wells. While the potential exists to earn 
additional interest by conducting further operations, a 
decision has been made to defer further development of 
this area in order to optimize the use of CWWE's 
resources in other investment opportunities which are 
now available. 

CANTERRA ENERGY LTD. 

Testing at Canterra's two steam pilot projects con-
tinued to show encouraging results during the year. 
Canterra is developing technology for commercial re-
covery of bitumen and heavy oil from two company-
operated in situ steam field tests: one in the Athabasca 
region of northeastern Alberta and the other new North 
Battleford, Saskatchewan. 

The Athabasca pilot project (Canterra working interest 
38.25 percent), on a 19,770 hectare lease 110 kilo-
meters northeast of Port McMurray, contains approxi-
mately 1,700 million cubic metres of bitumen in-place. 
Of that amount, about 900 million cubic metres are 
surface mineable and 800 million cubic metres can be 
exploited using steam in situ recovery processes such as 
the one being tested by the pilot project. 

Canterra is testing a proprietary modified steam drive 
recovery process developed by the company and its 
partners. The results of the pilot, which began opera-
tion in 1981, are promising. Bitumen production total-
led 8,600 cubic metres (gross) during 1984, an increase 
of about 70 percent over 1983. A second pattern is 
scheduled for start-up in early 1985 which should more 
than double the current production rate.

AOSTRA, which joined the pilot in 1983 with a working 
interest of 12.5 percent, has since increased its working 
interest to 25 percent. 

Within Western Canada, considerable interest is being 
expressed in developing heavy oil and tar sand proper-
ties; 1985 is expected to show considerable activity in 
this area, mainly due to improvements in fiscal re-
gimes. Mini projects are expected to continue to 
prevail as operators continue to capitalize on favorable 
results of pilot projects which have been In operation 
for some time. 

COMBUSTION ENGINEERING, INC. 

Fluidized bed combustion (FeC) is a technology that 
allows companies to burn lower grade fuels cleanly and 
efficiently without adding sulfur dioxide removal sys-
tems. C-B Canada and the Lurgi Corporation are 
working together to provide a 22 megawatt circulating 
fluidized bed boiler for New Brunswick Electric Power 
Commission which will burn high-sulfur coal and oil 
shale. C-E also has received a $35 million award from 
the Tennessee Valley Authority to design and build a 
160 megawatt steam generator for a FBC demonstra-
tion plant in Kentucky. When this landmark project 
comes on line in 1989, it will represent an important 
economic and technological breakthrough for utility-
size applications. 

DOME PETROLEUM LIMITED 

Production of crude oil In 1984 was from the provinces 
of Alberta (83 percent), Saskatchewan (13 percent), and 
British Columbia (4 percent) and including synthetic, 
was on average 70,042 barrels per day, 6 percent higher 
than production in 1983. New production plus improve-
ments offset declining productivity in older fields and 
lower synthetic volumes. 

Dome holds an indirect 3.75 percent interest In the 
Syncrude Project, which produces synthetic crude oil 
from oil sands at a plant near Port McMurray, Alberta. 
In 1984, the Company's share of plant production of 
synthetic crude oil averaged 3,230 barrels per day, a 
23 percent decline from 1983 due to a fire at the plant 
on August 15, 1984 which shut down all operations. The 
plant resumed production at half rates in Septem-
ber 1984 and resumed full operation in December 1984. 
The Company's reserves of synthetic crude oil are 
56.6 million barrels before deduction of Crown royal-
ties. 

The Lloydminster heavy oil area, which straddles the 
Alberta/Saskatchewan border, is the major source of 
Dome's heavy oil production. In 1984, the Company's 
share of production from this area averaged 8,189 bar-
rels per day, a 7 percent increase from 1983. 

At Lindbergh, in the Lloydminster area of Alberta, the 
Company and other participants are operating two 
separate heavy oil enhanced recovery projects whereby 
two thermal techniques of cyclic steaming and in situ 
combustion with air and oxygen are being demon-
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few United States manufacturers able to bypass tradi-
tional petroleum-based materials and use coal as a 
feedstock for producing industrial chemicals. 

strated. The Company and its partners intend to 
incorporate these two projects within a planned com-
mercial development project. 

The project is expected to raise area production at 
Lindbergh to an average 15,000 barrels of oil per day by 
1999 from the 1994 level of 6,591 barrels per day. 
Agreement on fiscal terms for development has been 
reached with the Government of Alberta and an appli-
cation for a commercial project is to be submitted to 
the Alberta Energy Resources Conservation Board, with 
construction of new facilities and drilling expected to 
begin in 1985. Dome's working interests in the Lind-
bergh area range from 28 percent to 40 percent. 

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 undertook an enhanced re-
covery 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 agreement with AEC contemplates that Dome can 
earn an interest in an additional 225,000 acres of ad-
joining oil sands lands through development of a com-
mercial production project. 

Dome has proposed a 25,000 barrel per day commercial 
project to AEC, and intends to make application for 
approval of the project to the ERCB during 1985. The 
project is subject to the approval of AEC and regula-
tory authorities and the establishment of an appropriate 
fiscal regime. 

In January 1984 the Company entered into an agree-
ment with two Canadian oil and gas companies 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 faci-
lity. Under the 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 produc-
tion 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 AEC 
lands. 

DYNALECTRON CORPORATION 

Lending further confidence in 1985 was the execution in 
early 1985 of a letter of intent with Husky Oil Ltd., for 
the licensing of the II-Oil Process and for related 
engineering design and laboratory services by the Pro-
cess Development, Licensing and Engineering Services 
Segment. in addition to adding a much needed backlog 
of work, the letter of intent also provides to Husky a 
two year option, which upon exercise, would give Husky 
a proprietary interest in the future licensing of the 
Company's H-Oil Process. 

EASTMAN KODAK COMPANY 

Tennessee Eastman Company's coal gasification com-
plex makes the Eastman Chemicals Division one of the

ELECTRIC POWER RESEARCH INSTITUTE 

The 100 megawatt Cool Water gasification combined-
cycle (0CC) demonstration plant came on-line in May, 
a month ahead of schedule and $31 million (11 percent) 
under budget. The 0CC technology provides a new 
alternative for using coal cleanly and economically by 
first gasifying it and then generating power with a 
combination of steam and gas turbines. The demonstra-
tion plant, now generating power for the Southern 
California Edison Company system, was constructed 
with private funding from an international partnershp 
that included EPRI as the largest contributor. Initial 
tests at the plant have confirmed its ability to meet the 
country's strictest emission standards, and it has be-
come the first demonstration project to qualify for 
price supports from the United States Synthetic Fuels 
Corporation. Capacity factors for the initial months of 
operation have also exceeded targets. One of the 
advantages of GCC is that plants can be assembled 
modularly, enabling utilities to better meet demand 
growth. Data from the Cool Water plant will help 
reduce uncertainties in cost, construction time, effi-
ciency, equipment reliability, system availability, dyna-
mic response, and feedstock flexibility. 

EQUITY OIL COMPANY 

In 1918 the Company sold its interest in certain oil 
shale properties to Arco for $16 million. The purchase 
price is payable in 15 Installments of $1,066,661 due 
each year on February 1. Interest is imputed on these 
payments at 5 percent per year over 15 years, aggre-
gating $4,374,783. 

GNC ENERGY CORPORATION 

In 1977, the Company began acquiring interests in 
leases in an area known as the Sunnyside tar sand 
deposits in northeastern Utah for the purpose of pursu-
ing the possible development of a commercial facility 
for the production of crude oil products from the tar 
sand. Tar sands are subsurface sandstone deposits 
which are impregnated with a dense, viscous hydrocar-
bon substance known as bitumen. Before bitumen con-
tained in tar sand deposits can be delivered and sold as 
relatively conventional petroleum refinery feedstock, 
the deposits must be extracted and the bitumen separ-
ated from the sandstone and upgraded for refining. 

In fiscal 1982, the Company constructed a semi-works 
plant in Salt Lake City, Utah to demonstrate recovery 
and processing of bitumen from its Sunnyside tar sand 
deposits. The Company believes this project demon-
strated an economically viable method for producing a 
desirable crude feedstock which all United States tar 
sands amendable to strip mining could replicate, result-
ing insignificant production of this feedstock. 

The Company had previously proven, on a bench scale, 
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that the Sunnyside tar sands could be concentrated 
using conventional mining flotation technology. The 
concentration step is significant In that it eliminates 
70 percent of the sand from further processing. The 
Company's 200 tons per day semi-works facility, built in 
Salt Lake City, confirmed this crucial step and in doing 
so has demonstrated both technology and the economic 
feasibility on a commercial scale of each aspect of the 
tar sand to crude oil recovery process. The estimated 
project capital and operating costs are comparable to 
conventional crude oil recovery costs. 

The recovered bitumen is upgraded to syncrude using a 
conventional refining process, a delayed coker, where 
the coke precursors, the remaining solids, the metals, 
and some of the sulfur and nitrogen are removed. The 
coker distillate is then hydrotreated to remove the 
remaining sulfur and nitrogen and bring the synerude 
gravity to 350API. The resulting synerude can readily 
be refined in conventional refineries to yield such 
products as gasoline, jet fuel, kerosene, and home 
heating oil. 

Bitumen recovery from tar sands and the upgrading of 
the bitumen to synthetic crude oil (syncrude) is an 
established technology In Canada. However, there is a 
major difference between the tar sands of Canada and 
the tar sands of Utah. The Canadian tar sands have a 
water layer between the bitumen and the sand grain. In 
Canada, separation of the bitumen from the sand grain 
is accomplished by settling this water layer until the 
bitumen floats away. The Utah tar sands do not have 
this water layer between the bitumen and the sand 
grain and, therefore, the hot water process used in 
Canada is not applicable to the Utah tar sands. 

This past year has seen a dramatic shift in the outlook 
for the price of and demand for oil products. This 
change in perception has resulted in a common consen-
sus that the outlook for synthetic fuels for the foresee-
able future is bleak. 

The Company anticipates that the present demand and 
price slump in crude oil may be moderated by the time 
its project comes on stream. The present outlook can 
only remain if the recession continues, conservation 
improvements continue at their recent rates, population 
growth remains stationary and OPEC fails in its stabili-
zation efforts. In addition, the United States is still 
importing approximately 40 percent of its domestic oil 
requirements, and since there are no projections for any 
significant change in this percentage, the demand for 
oil should remain strong. 

GNC entered a joint venture with Chevron U.S.A., Inc. 
(Chevron) in November 1982, to further develop this tar 
sand project. In June 1984 Chevron withdrew from the 
joint venture and agreed to assign all the assets of the 
venture including the leases to ONC, retaining a pro-
duction payment of $3 million payable at the rate of 
50 cents per barrel produced. This also will relieve 
ONC of any obligation to pay back the $2 million loan 
from Chevron. This agreement was drawn and approved 
by Chevron Resources at the date of this filing but not 
ratified by the board of the parent company which Is 
expected during July.

GNC is in active discussions with three other companies 
to assist in providing the funds for the first module 
anticipated to be 5,000 barrels per day. 

The tar sand property ownership is sum narized as 
follows: the St. Mary/Crosby lease contains 600 acres 
of patented placer mining claims, is owned 100 percent 
through aleasc with a one-twelfth royalty. The Schon- 
lau et at lease contains 640 acres of patented placer 
mining claims through a lease with one-twelfth royalty. 
The Schonlau lease contains 240 acres of patented 
placer minign claims. The Jay Pagano Ranch contains 
8,000 acres where the venture holds the surface rights 
through contract purchase. The mineral rights are 
retained by the federal government. Also the Jay 
Pagano Ranch contains another 600 acres of surface 
that includes the mineral rights. In addition to the 
above, the venture owns five 40 acre state hydrocarbon 
leases, 160 acres of federal oil and gas rights and 
approximately 3,000 acres of federal mill site claims. 

ILLINOIS POWER COMPANY 

Illinois Power provided $1.1 million for the KILnOAS 
coal gasification project at our Wood River power 
station designed to demonstrate the feasibility of gen-
erating electrical power with low BTU gas derived from 
high sulfur coal. The total cost of this project is 
estimated to exceed $175 million. It is being supported 
by Allis-Chalmers Corporation, the state of Illinois, 
EPRI, and a consortium of 12 utilities, including Illinois 
Power. 

Construction of the KILnGA commercial module was 
completed in early 1984 with the project essentially 
completing its demonstration phase late in 1984. To 
obtain additional funding, Allis-Chalmers filed applica-
tions with the United States Deparment of Energy for 
support of planned future operations. We continue to 
support Allis-Chalmers in the efforts to acquire addi-
tional sources of funds for these operations, which are 
needed to fully commercialize the technology. 

IMPERIAL OIL LIMITED 

At Esso Resources' heavy oil project at Cold Lake, 
300 kilometres northeast of Edmonton, the first two 
phases of commercial development neared completion 
in 1984, and substantial progress was made on the third 
and fourth phases. Early in 1985, the company an-
nounced plans for two further phases. 

The concept of phased development at Cold Lake was 
conceived by employees when it became apparent that 
the earlier-planned megaproject might not proceed. 
With phased development, Esso Resources will be able 
to develop its heavy oil leases at a manageable pace 
consistent with market conditions. 

Work on the first two phases began in late 1983. By the 
end of 1984, 220 of 240 wells initially required for the 
first two phases had been drilled and other work was 
well advanced. Construction is expected to be com- 
pleted by this spring, with production beginning by mid-
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year and reaching 3,000 cubic metres (19,000 barrels) of 
bitumen a day. These first two phases are under budget 
and will cost about $200 million. 

Following Alberta government approval, work on the 
third and fourth phases of the Cold Lake project began 
in September 1984. They are expected to be in 
production by the end of 1985. Each two phases 
generate more than 500 jobs during construction and 
sustain approximately 800 permanent jobs once produc-
tion begins. In addition, during construction each two 
phases create approximately 125 man years of employ-
ment for companies supplying materials and services. 
So far, in this project, Esso Resources is well above its 
target of 60 percent Albertan content and 80 percent 
Canadian content. 

Completion of the six phases will result in total Cold 
Lake production of about 12,000 cubic metres 
(75,000 barrels) per day of bitumen by 1987. By then, 
Esso Resources' capital investment at Cold Lake, in-
eluding pilot projects, will exceed $800 million. 

Full production was resumed at the Syncrude heavy oil 
plant at Fort McMurray in northern Alberta in Decem-
ber, following a major fire on August 15 that halted 
production. 

The tire, the most serious setback since the plant began 
operating in 1978, reduced Syncrude's 1984 gross pro-
duction to 77 percent of the 1983 level. Nonetheless, 
the owners of Syncrude have a great deal of confidence 
In the plant's reliability and are currently considering a 
major capital investment program to increase its pro-
ductive capacity and efficiency. Esso Resources' 
ownership share in Syncrude is 25 percent. 

INSTITUTE OF GAS TECHNOLOGY 

Charbonnages de France (CdF), the French national 
coal company, continues to move forward with its plans 
to commercialize U-GAS technology. The current 
schedule calls for the construction of a high-pressure 
200 tons per day U-GAS demonstration plant in France 
to begin in late 1984. IGT prepared the process design 
package for this plant and Is providing technical consul-
tation to CdF and a French engineering company, which 
is completing detailed engineering and cost estimates. 
During the year, four CdF engineers were stationed at 
IGT to familiarize themselves with all technical aspects 
of the process. This led to an additional contract with 
IGT to deliver and set up a high-pressure, high-temper-
ature therrnobalance reactor in the CdF laboratories at 
Verneuil, France for studying coal gasification funda-
mentals. 

After almost 8 years of work, a project to build an 
industrial fuel gas plant in Memphis, Tennessee using 
the U-GAS process was terminated by the consortium 
seeking financial assistance from the United States 
Synthetic Fuels Corporation. Although the project was 
not completed, IGT gained valuable experience in the 
detailed design of commercial-size U-GAS plants. 

In 1984, IGT also finished the shakedown of its new 
high-pressure U-GAS process development unit (PDU).

IGT is continuing to operate the PDU to obtain addi-
tional process data at high pressure. The PDU is the 
basis of a new proposal to extend the ash agglomeration 
technique to the higher levels (500 psig) required for 
broad process application. 

IGT is conducting tests, jointly sponsored by HYCRUDE 
Corporation, on a variety of foreign oil shales in a 
microprocessor-controlled, laboratory-scale hydrorc-
torting assay unit. This unit and the standard hydrore-
torting assay method were developed by IGT in a 
program sponsored by HYCRUDE to provide informa-
tion on the potential oil yields which can be obtained by 
the HYTORT oil shale hydroretorting process. LOT has 
now tested 19 oil shales from 12 countries representing 
many of the world's major oil shale resource areas. 
Results to date indicate that the HYTORT process can 
produce up to three times the oil yields obtainable by 
conventional thermal retorting. With a majority of the 
samples, hydroretorting produced more than 1.5 times 
the oil yield of conventional thermal retorting. 

In 1984, there was an increase in the number of IGT's 
basic research and support studies. IGT staff recently 
completed the formulation of a 5 year research pro-
gram for GET that is expected to greatly improve the 
design data base for building "first-of-a-kind" gasifica-
tion plants. This program will acquire data on the 
thermophysical properties of the many minor and trace 
constitutents unique to coal gasification processes 
under conditions representative of raw-gas quench sys-
tems, acid-gas removal systems, and wastewater treat-
ment systems. 

IGT is also conducting a program to determine experi-
mentally the physical and chemical properties, includ-
ing the gasification characteristics, of finely ground do-
ashed Pittsburgh Seam coal that has been beneficiated 
by a process developed by Otiscal industries, Ltd. 

DOE is funding basic research at IGT to develop two 
novel coal gasification process concepts. The first 
employs the high-temperature removal of carbon dio-
xide, which is recycled as an alternative to steam for 
the gasification of coal. The second uses a semivolatile 
inorganic compound as a gasification catalyst that can 
be recirculated within the gasifier. 

MEMPHIS LIGHT, GAS, AND WATER 

In our quest for excellence, MLGW has found strength 
in its basic reason for existence, as a distributor of 
electricity, gas, and water. The distribution of these 
products is a job we do well, one that we will continue 
to do well in the future. As a result of this "back to 
basics" philosophy, in 1984 MLGW sold or discontinued 
several projects that were either holding us back or 
altering our course as an effective distributor of utility 
services. MLGW's Coal Gasification Plant was cancel-
led in early 1984, and the Division also sold its Bayou 
Galion Gas Field in Monroe, Louisiana. Funds invested 
in the Coal Gasification project will be amortized at a 
cost of 2 cents per customer, and the Bayou Gailion Gas 
Field will cost the average residential customer about 
19 cents per month. The write-off of these losses will 
have minimal financial impact on our customers and
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will enable top management to re-focus its attention on 
our basic business. 

METALLGESELLSCHAFT AG 

Lurgi's worldwide leadership in synfuel technology was 
underlined by the commissioning of the only American 
large-scale synfuel plant to date. This plant, located In 
Great Plains, North Dakota, generates 150,000 cubic 
meters per hour of synthetic natural gas from lignite In 
14 Mark IV gasifiers. Given the current state of the oil 
market, it remains to be seen when demand for liquid 
fuels from coal, oil shale, and tar sands will revive. 
Lurgi can preserve and expand existing knowhow by 
means of studies and additional services for plants 
already In operation. 

In the pilot plants of Lurgi's Research Center, we are 
investigating the combustion and gasification behaviour 
of a wide variety of coal types and unusual fuels in the 
Circulating Fluid Bed. This work provides comprehen-
sive material-specific knowhow to assist our sales ef-
forts In the field of environmentally clean power gener-
ation plants, and has proved that CPS combustion can 
handle even difficult fuels. With this system, the new, 
tighter statutory emission limits can be met without 
recourse to downstream desulfurization and NOx re-
moval plants. 

The conditions for a 300 megawatt (electric) coal-fired 
power station operating on a combined-cycle gas tur-
bine/steam turbine process were elaborated in coopera-
tion with industrial partners within the scope of a 
BMPT-supported study. in this system, the coal is 
gasified according to the British Gas/Lurgi pressure 
gasification process with liquid slag discharge. It has 
been shown that a power plant of this kind is not only 
capable of solving the waste gas problem but also has 
higher efficiencies and tower sepecific generating 
costs. 

MIDCON CORPORATION 

On January 29, 1982 the Company and two of its 
subsidiary companies—Natural and MCN Coal Gasifica-
tion Company (MCN Coal) together with members of 
three other non-affiliated corporate systems—executed 
agreements with the United States Department of 
Energy (DOE), which resulted in the issuance by DOE of 
a $2.02 billion loan guarantee for the construction of a 
commercial-scale coal gasification project in Mercer 
County, North Dakota (the Project). 

Construction, start-up, and testing are continuing. Ini-
tial deliveries of gas from the Project began on July 28, 
1984. The output of the gasification plant is being 
purchased by Natural (which has agreed to purchase 
20 percent of the output) and by three other major 
pipelines, based on a pricing formula established in 1981 
by the PERC. Under the formula, the price of the 
output is subject to certain ceilings. During the first 
five years of operations, the applicable price ceiling is 
the price of No. 2 fuel oft. 

On November 18, 1983 the Partnership sent a notice to

the DOE stating that no assurance of financial assist-
ance for the Project had been received from the United 
States Synthetic Fuels Corporation (SFC); therefore, 
determination by the Partners to terminate participa-
tion in the Project Is seriously being considered. In 
separate letters, on November 18 1983 each Partner 
advised the DOE that conditions existed which would 
permit it to vote to terminate its participation in the 
Project. However, to the Company's best knowledge, 
no partner, to date, has taken any further steps to 
exercise any right to terminate participation or restrict 
equity investments, and DOE has continued to authorize 
disbursements of guaranteed debt. 

On April 26, 1984 the Partnership, the Partners, and the 
SFC signed a non-binding letter of Intent which 
expressed their mutual intent to enter into definitive 
agreements under which the SFC will provide up to 
$790 million of price supports over 10 years. In turn, 
the Partners agreed to a profit sharing arrangement 
with the SFC, as well as a commitment to Invest an 
additional sum of $100 million In additional equity 
($15 million applicable to MCN Coal) and to reinvest 
the Partners' share of after-tax cash flow during an 
approximate three-year initial operating period. The 
closing of the agreement is subject to negotiation of a 
satisfactory price support commitment and the ap-
proval of the SFC Board of Directors which presently 
does not have a quorum. However, the Company is 
hopeful a satisfactory definitive agreement can be 
negotiated and executed with the SPC shortly after a 
quorum Is available. 

NOVA, An Alberta Corporation 

Work is well underway on both the heavy oil upgrader 
facility and the associated production activity that 
form Husky's Bi-Provincial Project. A project manage-
ment team is being assembled to oversee the design and 
construction of the $1.4 billion upgrader, which will be 
capable of processing about 54,000 barrels per day of 
heavy oil into a lighter, more versatile oil. 

Several steps have been taken with respect to planning 
and construction of the upgrader portion of the project: 

• A combination of catalytic hydrogen addition 
and delayed coking has been chosen for the 
upgrading process because of economy of oper-
ation, high yield and good environmental stand-
ards. It is the first time the process has been 
selected for commercial use in Canada. Husky 
carried out extensive studies and a pilot project 
to ensure it was suitable for Lloydminster/Cold 
Lake heavy oil and has since acquired an owner-
ship position in the process. 

• Initial design work and project planning have 
been completed, some of the engineering con-
tractors have been selected, and detailed design 
work has been initiated. Major construction 
will start in the spring of 1986. 

• Documents required to initiate the Environmen-
tal impact Assessment have been filed with the 
Saskatchewan government, and approval is ex-
pected by mid-year.
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Work is also underway to expand drilling and enhanced 
oil recovery operations required for this project, and 
drilling activity is expected to increase by about 
50 percent in 1985. Over the next five years, the 
capital costs related to increased primary production 
and enhanced oil recovery are expected to be about 
$900 million. 

PETRO-CAN ADA 

In 1984, construction proceeded on the Wolf Lake in 
situ oil sands project in northeastern Alberta. This 
partner-operated project, in which Petro-Canada has a 
50 percent interest, will provide the Corporation's first 
commercial in situ oil sands production. Utilizing 
steam injection, approximately 1,100 cubic metres of 
bitumen per day will be extracted from about 200 wells. 
Progress on the project has been rapid and start-up is 
now expected early in 1985. The total cost of the 
project, currently estimated at $114 million, will be 
much lower than the $150 million initially anticipated. 

Petro-Canada has anticipated that 1984 would be a 
record year for production of synthetic crude from the 
Syncrude plant near Fort McMurray. The Corporation's 
17 percent ownership in the plant yielded a 1984 pro-
duction share of 852,300 cubic metres, down 23 percent 
from 1983. The drop was caused by a fire at the plant 
in August. Prior to the fire, daily oil production had 
been at near-record levels. By late December, a 
successful repair program returned the plant to full 
production. Also during 1984, preliminary engineering 
work commenced on increasing plant capacity from 
19,000 to 22,000 cubic metres per day. Total project 
cost will be in excess of $700 million and completion is 
anticipated by the end of 1987. 

Petro-Canada is researching new techniques for use in 
its enhanced oil recovery projects and heavy ol in situ 
projects. Particularly important in 1984 was work on 
the Kinsella "B" heavy oil pilot plant. The feasibility of 
fireflooding in a previously waterflooded reservoir was 
tested, and the relative merits of oxygen and air 
injection were assessed. Following positive test results, 
construction commenced on an oxygen fireflood pilot. 
The project will come on stream in the second quarter 
of 1985. 

The CAN MET demonstration plant being constructed at 
the Montreal refinery involves the commercialization 
of a promising new process for upgrading heavy residual 
fuel oils. Encouraged by the results of a laboratory 
pilot plant, Petro-Canada decided that construction of 
an 800 cubic metres per day plant would demonstrate 
the commercial feasibility of the process. Construction 
is providing an estimated 800 person-years of employ-
ment and enhancing Canadian expertise in the concep-
tual and processing engineering areas. When the CAN-
MET process is proven on a commercial scale, Petro-
Canada and the Canadian firms hired to engineer and 
build the demonstration plant will have strong prospects 
for marketing this technology elsewhere.

ROYAL DUTCH PETROLEUM COMPANY 

Continuing work on coal gasification directed toward 
the building of a demonstration plant resulted in the 
development of a burner that can withstand the 
extreme thermal and erosive operating conditions of 
burning coal jet. 

SASKOIL 

Our assessment of Saskatchewan's heavy oil resources 
indicates that over 3 billion cubic metres of oil are in 
place, divided between reserves that can be recovered 
through primary and enhanced oil recovery. Following 
a successful steam stimulation test carried out during 
the year, our Corporation is encouraged by the oppor-
tunities presented by enhanced oil recovery. Saskoil 
will continue to invest in enhanced oil recovery pilot 
projects in an effort to improve the recovery factor 
from heavy oil pools and our older light and medium oil 
fields. 

TENNESSEE VALLE AUTHORITY 

When the quest for energy sources broadened dramati-
cally in the 1970s, TVA chemical engineers in the 
fertilizer programs were available to help develop tech-
nology for producing synthetic fuels from coal as well 
as from wood and agricultural residues. 

TEXACO INC. 

During the year, Texaco's long-range research and 
development projects concentrated on extension of coal 
gasification technology to petroleum coke; development 
of improved catalysts to manufacture liquid fuels from 
coal-derived gas; and the use of biopolymers as thick-
eners for enhanced oil recovery. 

The start-up and successful operation of the Cool Water 
Coal Gasification plant in Califonria's Mojave Desert 
firmly established the technical viability and economic 
potential of Texaco's proprietary coal gasification tech-
nology. The plant uses the largest gasifier (1,000 tons 
of coal per day) now available for commercial use. 

Although the plant is the first facility to commercially 
utilize Texaco's technology on such a scale, it neverthe-
less was brought on stream within budget and ahead of 
schedule. 

In conjunction with successful licensed commercial ap-
plications of Texaco's Coal Gasification Process in the 
United States, the Company in recent years also ex-
tended the use of this technology abroad. 

In Japan, Ube Ammonia Industries, Ltd., brought on 
stream in 1984 a plant using the Texaco-licensed pro-
cess to gasify 1,600 tons of coal a day to produce 
synthesis gas for use in an existing ammonia plant. 

In the People's Republic of China, an agreement was 
signed during the year to construct another Texaco-
licensed plant using the Company's proprietary coal-to-
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synthesis gas generation process in an ammonia fertil-
izer plant. 

TEXACO CANADA INC. 

Texaco Canada holds 227,000 net hectares of leases and 
permits in the oil sands deposits of Alberta, which 
contain an estimated ii billion cubic metres of bitu-
men, a thick, tar-like hydrocarbon. 

As part of an increased emphasis on exploitation of its 
oil sands holdings, Texaco Canada completed a nine 
well drilling program in late 1984 on its Frog Lake lease 
in the Cold Lake area of east-central Alberta. Core 
samples of the oil bearing formations were obtained and 
are currently being analyzed in the laboratory. Addi-
tional drilling Is planned In 1985 to delineate further 
resources necessary to the design and location of pos-
sible pilot recovery operations. 

Both the Company's Frog Lake and Athabasca leases 
are In areas where the depth of the oil sands below 
ground level does not allow economic bitumen recovery 
by open pit mining procedures. Consequently, Texaco 
Canada is concentrating on developing new technology 
for in situ recovery. 

The development of the Company's Athabasca oil sand 
leases is assisted by proprietary research programs 
carried out by a number of agencies, notably the 
Alberta Research Council and the University of 
Alberta. The joint research efforts of Texaco Canada 
and the Alberta Research Council have resulted In the 
development of a down hole solids control filter for 
which a 'United States Patent has been granted and a 
Canadian Patent application has been made. 

The device is undergoing field testing to demonstrate 
its efficiency and cost effectiveness for use in oil 
sands, heavy oil, and appropriate conventional reser-
voirs. Texaco Canada is currently evaluating the 
commercialization of the filter through manufacturing 
licensing. 

Continued activity at Texaco Canada's Fort McMurray 
pilot in northeastern Alberta complements these labor-
atory research programs in working toward the goal of 
developing a commercial recovery process. During 
1984, activity concentrated on Patterns II and Ill. 

Pattern Ill consists of three long, parallel, horizontal 
wells drilled to test recovery from horizontal drain 
holes. A down hole pump was installed in one of the 
wells during 1984, and the resultant bitumen recovery 
has been encouraging. A Technical Information Pur-
chase Agreement for Pattern III data was successfully 
negotiated with AOSTRA. 

In Pattern II, which is nearly depleted, hot water was 
injected to recover bitumen mobilized by previous 
steam injection. Operations in this pattern are being 
phased out because bitumen recoveries are approaching 
marginal levels. 

No reserves are attributed to the Company's oil sands 
deposits because no portion of the bitumen is currently

economically recoverable. 

TEXAS UTILITIES COMPANY 

A leader in the development of in situ lignite gasifica-
tion, Basic Resources Inc., a subsidiary or the Company, 
plans a large-scale test of this technology. The process 
has the potential to produce usable energy from vast 
deposits of Texas lignite that cannot be mined economi-
cally. 

UHDE GMBH 

In the field of coal gasification, we focussed our 
activities in the year under review of the erection of 
the first two commercial coal gasification plants in the 
Federal Republic of Germany, which are based on 
processes of the "2nd generation." The coal gasifica-
tion plant using the Rheinbraun-HTW process, which has 
been set up at Berrenrath for Rheinische Braunkohlen-
werkc AG, is in the final erection phase and will be 
completed in mid-1985. In this plant, one million cubic 
metres synthesis gas will be produced daily from 
700 tons lignite. The product will be used in a methanol 
plant. 

The second coal gasification plant on the basis of hard 
coal is being constructed for Ruhrkohle 01 und Gas 
GmbH at Bottrop and Ruhrchemie AG at Oberhausen-
liolten (synthesis gas plant Ruhr, SAR). The gasifica-
tion takes place according to the process of Texaco 
Development Corporation, USA. The entire engineering 
work is on schedule, most of the equipment has already 
been ordered. 

Gasification tests were performed by Uhde at the 
Frechen pilot plant on behalf of Kemira Oy, the Techni-
cal Research Centre Finland (VTT) and Svensk Driv-
medelsteknik AD (SDAB). Uhde now has reliable design 
data in respect of the gasification of peat by the 
Rheinbraun-HTW process. Based on the results 
obtained In several test runs, investigations are now 
being made as to how to convert the existing Oulu 
ammonia plant of Kerinira Oy most efficiently from oil 
to peat as the feedstock. 

The pilot plant at Wesseling.—a joint project of Mobil 
Oil, Union Rheinische Braunkohlen-Kraftstoff AG and 
Uhde—has completed its second nine-month pilot 
phase. The results in respect of the production of 
gasoline from methanol have surpassed the original 
expectations regarding gasoline yield and quality. 

The continuous regeneration of the catalyst was like-
wise performed successfully. The completion of this 
pilot phase means that the data requird for the design 
of a commercial plant are now available. After re-
structuring the pilot plant, a third operating period will 
commence in February 1985, during which the produc-
tion of diesel fuel from methanol will be tested in a 
two-stage process. In the first stage, the methanol will 
be converted to olefins (using the MTO process). This 
will be directly followed by the reaction stage where 
the olefins will be converted to diesel fuel. 
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WORLDWIDE ENERGY CORPORATION 

Net production of heavy oil from our 50 percent owned 
Fort Kent operation rose to an average of 1,474 barrels 
oil per day from 1,024 barrels oil per day in 1983. 
Barring a change in operating conditions, production is 
anticipated to be slightly higher during 1985, averaging 
1,576 barrels oil per day. During 1984, the research 
project with AOSTRA continued toward attempting to 
develop enhanced recovery methods. These include, for 
example, methane or carbon dioxide injection to in-
crease oil recovery factors. This recovery factor is 
very important. The developed phases of Fort Kent are 
estimated to have 52.6 million barrels of oil in-place. 
We are depreciating, depleting, and amortizing the 
capital costs of the project over producible reserves 
estimated to be 20.1 percent of those in-place. An 
increase of 1 percent in the recovery factor can add 
about 250,000 barrels to our net reserves. Such an 
increase represents an addition of about 8 percent when 
compared to the present reserves and results in a lower 
level, therefore, of non-cash charges per barrel pro-
duct. 

In February 1985 a heavy oil pipeline was placed in 
operation in the Fort Kent area. We now utilize this 
pipeline. This should prove to be more reliable and 
ensure access to the heavy oil upgrader being con-
structed at Lloydminster. 

Performance of a steamilood pattern for improved 
recovery has been encouraging. This method, if it Is 
successfully Implemented, would be meaningful as sus-
tained production could be achieved for a longer period 
compared to the traditional "huff-and-puff" method 
now being used.
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GOVERNMENT 

THIRTEEN NEW PROJECTS APPLY FOR SFC 
ASSISTANCE AND FIVE PROJECTS DROPPED 

During the third quarter 198$ (July through August) 
thirteen new projects applied to the United States 
Synthetic Fuels Corporation (SFC) under two solicita-
tions, tour projects were dropped when the coal-water 
fuel solicitation was cancelled, and the Great Plains 
project was dropped from further consideration. The 
status of the 25 active projects before the SFC is 
summarized in Table 1. 

Relatively little change occurred in the status of the 
six active oil shale projects under consideration by the 
SFC. However, the SFC Board of Directors has indi-
cated that awards may be forthcoming shortly for the 
Union Oil Company's Parachute Creek project and the 
Seep Ridge project. 

With regard to oil sands/heavy oil projects, four new 
projects applied for SFC financial assistance in 
response to the solicitation for mining and surface 
processing tar sands projects. Including the Forest Hill 
project, the SFC is therefore considering five oil 
sands/heavy oil projects. 

The most significant changes occurred in the status of 
coal/lignite/peat projects before the SFC. Five pro-
jects were dropped from further consideration, and nine 
new projects were added to the SFC's list (Ten 
projects applied to the SFC's solicitation for eastern 
bituminous coal gasification projects, but the Keystone 
project is also under consideration in the Fourth 
General solicitation, thus resulting in a net nine new 
projects.) 

The 25 active projects and the S projects that were 
recently dropped by the SFC are shown in Figure 1. 
Additionally, the status of every project that ever 
applied for SFC assistance is depicted in Figure 2. 
Recent changes in the active projects are shown as 
dashed lines in the figure. 

Oil Shale 

The status of the six oil shale projects under considera-
tion by the SEC did not change "significantly" during 
the period from June through August 1985. No new oil 
shale projects were submitted to the SFC, none were 
dropped or withdrawn, nor did any projects receive 
financial assistance awards. 

Although no significant action occurred during the third 
quarter 1985, two oil shale projects appear to be 
approaching major decisions by the Board of Directors 
of the SEC. At their meeting on August 21, 1985 the 
SEC Board instructed its staff to complete negotiations 
and contract documentation for the Union Oil Para-
chute Creek project and the Seep Ridge project. 

The SFC announced that it is negotiating with Union Oil 
to amend the existing $400 million price guarantee that

TABLE I 

STATUS OF ACME PROJECTS THAT 
APPLIED TO THE SPC FOR ASSISTANCE 

Project	 solicitation	 status 

Oil Sl*l. 

Union Oil, 
Phase I Transferred from DOE Awarded $400 Million Price 

Guarantee 
Phase II Third General Assistance to be Incorpo-

rated into Phase I 
Contract 

Cathedral Bluffs Third General Letter of Intent signed 
Seep Ridge Third General Letter of Intent signed 
Paraho-Ute Third General Decision Pending 
American Syn- Fourth General Qualified Project 

Crude/Indiana 

Oil SantfHnfl Oil 

Forest Hill Third General Letter of Intent Proposed 
CEMECH Competitive Tar Sands Proposal submitted International

Competitive Tar sands Proposal Submitted 
Hydrocarbons 

PR spring Competitive Tar Sands Proposal Submitted 
Sunnysid. Competitive Tar Sands Proposal submitted 

Coal/LignIte/Peat 

Cool Water Second General Awarded $120 MIllion Price 
Guarantee 

Dow Syngas	 . Third General Awarded $620 Million Price 
Guarantee 

Northern Peat Third General Letter of Intent Signed 
Keystone Fourth General and Qualified Project and 

Competitive Eastern Proposal submitted 
Gasification 

Utah Methanol Fourth General Qualified Project 
COGA-1 Competitive Eastern Proposal submitted 

Gasification 
Davis Synthine Competitive Eastern Proposal Submitted 

Gasi flea tion 
Calderon/Bowling Competitive Eastern Proposal Submitted 

Green Gasification 
Ohio-n Competitive Eastern Proposal submitted 

Gasification 
scrubgrass Competitive Eastern Proposal Submitted 

Gasification 
Air Products Competitive Eastern Proposal submitted 

Gasification 
Virginia Power Competitive Eastern Proposal Submitted 

Gasification 
H-fl International Competitive Eastern Proposal Submitted 

Gasification 
Process Energy Competitive Eastern Proposal submitted 

Gasification

was awarded to Phase I of the Parachute Creek project. 
Additional assistance of up to $500 million has been 
proposed to allow Union Oil to incorporate the Uni-
shale C technology into the existing Phase I project 
The existing SEC letter of intent for up to $2.7 billion 
to Union Oil for Phase It of the project would be voided 
by this newly proposed assistance plan. 

With regard to the Seep Ridge oil shale project, the 
SFC Board announced that it is negotiating to provide 
up to $184.34 million in financial assistance to the 
project. The assistance package would consist of a loan 
guarantee of up to $63.02 million and an initial price 
guarantee of up to $84.81 million. The price guarantee 
would increase to a maximum of $184.34 million as the 
loan is repaid. 
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Additional details of the proposed SEC assistance for 
both projects are explained further in this issue in the 
Government portion of the Oil Shale section. 

The SEC is continuing to negotiate with the sponsors of 
the other three oil shale projects: Cathedral Bluffs, 
Paraho Ute, and American Syncrude/Indiana. 

Oil Sands/Heavy Oil 

During the third quarter 1985, the number of oil 
sands/heavy oil projects that the SFC is evaluating 
increased from one to five. The only project that was 
carried over from previous solicitations is the Forest 
Hill project that applied under the Third General solici-
tation. On August 21, 1985 the SEC Board of Directors 
directed its staff to complete negotiations with the 
project by September 13, 1985. Up to $60 million in 
loan and price guarantees would be provided to the 
project under the terms of the proposed contract. 
Details of the proposed financial assistance package are 
explained in this issue in the article entitled "Award for 
Forest Hilt Project Proposed by SEC." 

The other four oil sands/heavy oil projects presently 
under consideration by the SEC are: CEMECH, Inter-
national Hydrocarbons, PR Spring, and Sunnyside. 
These four projects were submitted in response to the 
SEC's solicitation for projects that utilize mining and 
surface processing of tar sands. As described in the 
article in this issue entitled "SEC Receives Four Re-
sponses To Its Tar Sands Solicitation," the projects will 
now compete for an award. Under the terms of the 
solicitation, the SFC expects to select one (or possibly 
more) of the projects for negotiations in mid-October 
1985. 

Coal/Lignite/Peat 

The period from July through August 1985 saw many 
significant changes occur in the status of coal, lignite, 
and peat synfuels projects that had applied to the SEC 
for financial assistance. During the period, five pro-
jects were dropped from further consideration, and ten 
projects applied for assistance under a new solicitation. 
Hence, as of the end of August, fourteen coal-based 
projects are now active with the SEC. 

The most noteworthy event during the third quarter 
1985 was the United States Department of Energy's 
(DOE's) decision that it would not support an assistance 
plan proposed by the SEC for the Great Plains project. 
As a result of the decision, the sponsors withdrew from 
the project and defaulted on the DOE-guaranteed loan. 
Therefore, the Great Plains project is no longer under 
active consideration by the SEC. Details of the current 
status of the project are explained in this issue in the 
article entitled "DOE Rejects Assistance Plan for Great 
Plains, Sponsors Abandon Project." 

In other actions, the SEC Board of Directors decided on 
July 16 to cancel the utility category of the solicitation 
for coal-water fuel projects. As a result of the 
decision, four projects (Hilisborough Bay, Port Sutton, 
Mobile-Utility, and Savannah-Utility) were dropped

from consideration. These were the four remaining 
projects out of eleven that originally responded to the 
SEC's solicitation for coal-water fuel projects. As 
described in the articles beginning on pages 4-1 and 4-9 
of the March 1985 Pace Synthetic Fuels Report, 

the SEC Board had previously cancelled the industrial por- 
tion of the solicitation, dropped one project that 
intended to produce coal-water fuel for a utility, and 
had deferred any decisions regarding the remaining four 
utility projects. With the latest Board decision, the 
solicitation has now ended without making awards to 
any projects. 

On a more positive note, the SEC received proposals for 
ten projects in response to the solicitation for eastern 
bituminous coal gasification projects. One project, 
Keystone, is also under consideration in the SF C's 
Fourth General solicitation. The other nine projects 
are "new" additions to the SEC's slate of coal-based 
projects. (However, several of these new additions 
have submitted proposals under previous SFC solicita-
tions.) These nine projects include the following: 
COGA-1, Davis Synthine, Calderon/Bowling Green, 
Ohio-I, Scrubgrass, Air Products, Virginia Power, H-It 
International, and Process Energy. The article entitled 
"Ten Projects Submitted in Response to SEC Coal 
Gasification Solicitation" in this issue briefly explains 
each of the projects. Separate articles in this issue 
provide additional details regarding five of the proposed 
projects. 

Other coal-based projects with which the SFC is in-
volved include Cool Water, Dow Syngas, Northern Peat, 
and Utah Methanol.	 - 

SEC PROGRAM COULD SAVE $11413 BILLION 
ACCORDING TO COMPREHENSIVE STRATEGY 
REPORT 

On June 28, 1985 the Board of Directors of the United 
States Synthetic Fuels Corporation (SEC) formally ap-
proved the Comprehensive Strategy Report. The Re-
port was submitted to Congress on July 1, and the 
Appendices were released on August 21, 1985. The 
Report is reproduced in its entirety beginning on 
page 5-1 of this issue of the Pace Synthetic Fuels 
Report. 

The final version of the Report is relatiely unchanged 
from the draft version which was summarized beginning 
on page 1-17 of the June 1985 issue. The Comprehen-
sive Strategy Report proposes completion of the SFC's 
existing Phase I program which plans to award assist-
ance to a portfolio of synthetic fuels projects using the 
most promising resources and technologies. No addi-
tional appropriation is required by the SEC to complete 
its Phase I program. Upon completion of Phase I, a 
second Comprehensive Strategy Report describing pro-
gress to date and recommending whether and how to 
proceed with a national synthetic fuels program will be 
submitted to Congress. 

The most interesting information in the final Report 
that was not available in the draft version describes the 
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SEC's analysis of required subsidies for various levels of 
synfuels production. The SEC believes $15 to $25 
billion in financial assistance would be required to 
produce 500,000 barrels per day of synfuels by 1987, 
and $150 to $200 billion would be needed to produce 
2 million barrels per day. On the other hand, the SFC 
believes that if it assists a few pioneer plants as 
proposed in its Phase I program, the private sector 
could build second and third generation plants that 
produce synthetic fuels at a cost of $40 to $50 per 
barrel. These projects could persuade owners of con-
ventional oil and gas to sell their resources at slightly 
depressed prices (25 to 50 cents per barrel), thus saving 
the United States $8 billion in imported oil costs by 
2000. Moreover, if 2 million barrels per day of synthe-
tic fuels are being produced by 2015 at prices below 
those of conventional fuels, additional savings of at 
least $3 to $5 billion would result. Hence, the $2 to 
$3 billion SF0 Phase I program could save the United 
States a total of $11 to $13 billion. 

lI##
CALIFORNIA SELECTS METHANOL AS PREFERRED 
SYNFUEL 

Utah Methanol, had met the full equity requirement 
deadline specified in the Fourth General solicitation. 
The American Syncrude/Indiana project which is also 
being considered under the solicitation did not meet the 
equity requirement, but was given a 90 day waiver of 
the deadline. This waiver was granted "with prejudice" 
by the Board. 

As explained in the article on page 1-22 of the June 
1985 Pace Synthetic Fuels Report, the SF0 Board 
amended the deadline in May. The equity deadline 
requires that projects under consideration in the Fourth 
General solicitation must have full commitment of 
equity by July 16, 1985. By meeting the deadline, the 
Keystone and Utah Methanol projects moved one step 
closer to a possible award of SFC financial assistance. 
However, acceptable terms must stilt be negotiated 
between the sponsors and the SF0. 

HOUSE VOTES TO RESCIND SFC FUNDING 

On July 31, the United States House of Representatives 
voted to rescind essentially all remaining funds avail-
able to the United States Synthetic Fuels Corporation 
(SFC). The vote, which passed by a wide margin of 
312-111, came on an amendment that was attached to 
the fiscal 1986 appropriations bill for the Interior 
Department and related agencies. The amendment 
would rescind approximately $6.6 billion of the SFC's 
remaining funds, and would freeze another $500 million 
for eventual transfer to a synthetic fuels program 
within the Department of Energy (DOE). The House has 
not yet voted on a separate bill to actually abolish the 
SFC. 

The amendment would not affect the awards that the 
SFC has already made to the Cool Water and Dow 
Syngas coal gasification projects, nor the DOE award 
(which is now administered by the SFC) to the Union Oil 
Parachute Creek oil shale project. However, the House 
action could potentially create questions regarding any 
new awards that the SFC might authorize before the 
amendment could take affect on October 1, 1985. 

The amendment that was passed by the House faces 
action in the Senate. This action could include approv-
ing the House version, proposing another amendment, or 
rejecting the House amendment. If the House amend-
ment is approved in its present form by the Senate, 
Pace believes that the action will set back the commer-
cial synthetic fuels industry in the United States for 
many years. 

TWO PROJECTS MEET SFC EQUITY REQUIREMENT 
DEADLINE—THIRD GIVEN EXTENSION 

Following their meeting on July 16, 1985 the Board of 
Directors of the United States Synthetic Fuels Corpora-
tion (SF0) announced that two projects, Keystone and

The California Energy Commission (CEC) recently re-
leased its 1985 California Energy Plan. The report 
identifies emerging trends related to energy supply, 
demand, and conservation, and public health and safety 
factors. It also provides the basis for state policy and 
actions regarding approval of new sites for additional 
facilities. The plan itself underwent a series of public 
hearings before it was approved. 

The CEO believes that although the short-term energy 
outlook is promising, the long-term view is less assur-
ing. Long-term economic growth will increase the 
industrialized economies' demand for petroleum. As 
competition for existing supplies increases, oil prices 
are likely to rise and natural gas prices are likely to be 
pulled upward by rising oil prices. The United States 
will become increasingly reliant on imported oil to 
satisfy its energy needs. Eventually, OPEC may be able 
to re-establish its position of price control. 

The CEO recognizes that these forecasts cannot be 
known with certainty. However, the consequences of 
not planning for such possibilities and having them 
occur far outweigh the costs of planning to avoid them. 

The principal objective of the report is to illuminate 
and set in motion actions which in the short-term can 
lower the cost of energy in California and which will 
increase long-term security. 

The CEO plan is based on the following observations: 

• The results of actions in the marketplace take 
time to materialize. 

• The United States cannot rely primarily on 
increased oil production as a long-term strat-
egy. 

• The United States and California will be in-
creasingly dependent on imported oil, the price 
of which will be beyond direct control. 
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• The effects on California of an oil shortage or 
associated price spike would affect various 
energy sectors differently. 

• Although currently in a weakened position, 
OPEC's control of 70 percent of proven free 
world reserves gives a long-run advantage and 
the possibility to regain pricing control. 

Based on these observations, the CEC has adopted a 
goal of developing a 'portfolio approach" to its energy 
plan. The plan includes balancing conservation, new 
energy supplies, and research and development projects. 

The report describes the CRC's plans concerning elec-
tricity, petroleum/transportation, and natural gas. Re-
garding electricity, the CRC sees no need for new 
conventional coal-fired baseload facilities, oil- or 
natural gas-fired plants, nor new nuclear facilities. A 
companion CRC report entitled The 1985 California 
Electricity Report recommends that the Cool Water 
coal gasification/combined cycle plant be used as a test 
facility to demonstrate additional technologies includ-
ing coproduction of electricity and methanol, and the 
operation of a fuel cell on coal-derived gas. 

With regard to natural gas, the CRC concludes that the 
Southwestern United States will likely remain Califor-
nia's primary source of supply. in the late 1980s and 
early 1990s natural gas from Canada, the Rocky Moun-
tain region, and Mexico will augment the supply. Addi-
tionally, the CRC believes that, although substitute 
natural gas (SNCI) produced from coal is technically 
feasible, it is not economical in today's market nor is it 
likely to become so in the next 20 years. 

The CEC found that the transportation sector is nearly 
100 percent reliant on oil. Transportation in California 
uses 41 percent of the total energy consumed in the 
state. Approximately 1 million barrels per day of oil 
are consumed in California (1/16 of the total oil con-
sumed In the United States). 

To reduce the vulnerability of California's transporta-
tion system to price increases and/or supply disruptions, 
the CEC has adopted three approaches: (1) reduce 
demand; (2) increase flexibility; and (3) increase fuel 
diversity. Regarding the goal of increasing fuel diver-
sity, the CEC determined that methanol would be the 
most viable choice among a number of competing 
fuels—ethanol, gasohol, compressed natural gas, pro-
pane, hydrogen, and others—in the early stages of its 
synthetic fuels program. That choice was based on 
many considerations including the availability of meth-
anol feedstocks, cast of conversion, and air quality 
benefits. The CEC found that methanol can be pro-
duced from coal, natural gas, biomass, and petroleum 
residual, it is potentially cheaper to produce than the 
other alternatives; it can replace gasoline and diesel as 
motor fuels without compromising performance; and it 
is cleaner burning than conventional petroleum and 
other alternatives (with the exception of hydrogen). 

Over the past six years, CEC synthetic fuel programs 
have aimed at demonstrating the feasibility of metha-
nol as a motor fuel in automobiles, identifying and 
overcoming barriers to the commercialization of meth-

anol, and evaluating methanol use in heavy duty vehi-
cles (transit buses and farm tractors). The purpose of 
these demonstrations was to stimulate methanol com-
mercialization by overcoming what has been termed the 
"chicken and egg" syndrome that has impeded methanol 
commercialization as a motor fuel. The methanol fleet 
program consisted of a three-part demonstration pro-
gram: (1) increasing the number of methanol vehicles in 
operation; (2) developing a basic methanol distribution 
system; and (3) demonstrating methanol performance in 
automobiles. In cooperation with automotive and fuel 
industries, over 500 factory built, methanol-fueled Ford 
Escorts have been incorporated into public and private 
fleets and 18 methanol-fueling stations have been put in 
operation. 

The CEC is also demonstrating the use of methanol as a 
substitute for diesel fuel in mass transit buses and farm 
tractors. The CRC believes that widespread application 
of methanol in heavy duty engines would offer several 
significant benefits. Substituting methanol for diesel in 
buses and heavy duty trucks could help reduce emis-
sions, and could reduce vulnerability to interruption or 
curtailment of conventional fuels. 

The CEC plans to increase methanol demand by contin-
uing efforts to expand the fleet of methanol vehicles 
and to lower per unit costs. Toward this end they have 
identified the following necessary steps: 

• Additional cooperative purchases of methanol 
vehicles by government and the private sector 
to lower per unit costs, and to stimulate de-
mand by expanding the methanol fleet. 

• Revision of federal funding formulas for the 
purchase of mass transit buses by local govern-
ments to favor the purchase of methanol buses. 

• Participation by other automobile makers (be-
sides Ford and Volkswagen) to assure competi-
tion and develop a range of methanol vehicles 
and engine types. 

• Continue the automobile industry activities 
that could lead to the commercialization of a 
multi-fueled automobile. 

• Revise regulations to give automobile manufac-
turers credit for producing vehicles designed to 
use methanol. 

• Develop a commercial capability for retrofit-
ting existing vehicles for use with methanol 
fuels. (California currently provides tax credits 
for this conversion, but there are few busi-
nesses that provide this service.) 

In addition to stimulating the growth of a methanol 
vehicle fleet, the CRC found that it is necessary to 
reduce the cost of methanol which currently has a pump 
price about 20 percent higher than gasoline ($12.40 and 
$13.30 per million BTU compared to gasoline at $9.75 
to $11.00 per million BTU). Actions could include: 

• Additional analysis concerning the costs and 
benefits of the use of methanol rather than 
more stringent automobile emission standards 
or other control measures as a means of im-
proving air quality.

- 
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• Additional analysis regarding the economics of 
methanol versus imported oil, taking Into consi-
derution subsidies and energy security consider-
ations. 

• Consideration of potential tax subsidies for 
methanol that would capture the benefits of 
methanol and at the same time lower costs to 
consumers. 

• Implementation of federal tax laws that provide 
incentives for methanol supply development, 
comparable to that for petroleum supply devel-
opment. 

Finally, the CEC recommends that additional actions be 
undertaken to assure the development of an adequate 
methanol distribution network.
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ENERGY POLICY & FORECASTS 

FALLING WORLD OIL PRICES WILL ACCELERATE 
THE NEXT OIL CRISIS 

Most people assume that the farther oil prices fall, the 
longer it will be before alternate energy investments 
such as synthetic fuels can become economically feas-
ible. 

Another facet of this situaton was pointed out by K. S. 
Gustajtis at the Petroleum Society of CIM meeting in 
Edmonton, Canada in June. 

He notes that the unprecedented rise in the price of 
world oil in the last ten years resulted in a massive 
investment boom in oil and gas exploration and develop-
ment. During this period, an increasing reliance on 
imported crude oil from the organization of Petroleum 
Exporting Countries (OPEC), especially by the United 
States, created an expectation of ever rising world oil 
prices. Much of the investment made, especially since 
1980, is now viewed, in light of falling oil prices, as a 
business mistake. 

Opportunities for the future now appear to be less 
attractive, and capital investment, for the oil industry 
and other sectors as well, is being revised downward. 
Although oil consumption may grow at a modest rate, 
the decline in investment capital will result in reduced 
production capacity outside OPEC. 

Expectations that 70 percent of the production required 
in the next decade will come from reserves yet undis-
covered will prove to be unattainable unless this invest-
ment capital is made. Failure to make these invest-
ments will push the world to another major oil crisis In 
the early part of the next decade. 

Unless the world slumps back into a major recession, 
global oil consumption which rose in 1984 (breaking a 
straight three year decline), should continue to rise 
over the next several years. 

However, oil production overcapacity for the next four 
years will prevent any significant upward movement in 
oil prices. By the end of this time period, growing 
demand will create tight markets and probably signifi-
cant price appreciation once again. 

Gustajtis states that the gradual erosion in prices since 
1981 is already causing a postponement of needed oil 
and gas investments. The lower oil prices go in the 
short term, the more rapid this postponement will 
become. This drop in investment will bring with it 
production shortfalls from non-OPEC sources within 
less than five years. He feels that non-OPEC crude oil 
production has, or will peak within the next three years 
and will then face a serious production decline. Drop-
ping investment will force the free world, and specific-
ally the United States, to rely on more OPEC imports in 
the latter part of this decade. 

The price of oil in the short term determines both 
political and economic decisions which have very long 
term impacts. The problems of increasing demand and

decreasing supply will become serious in the early 1990s 
and probably sooner unless the price increases to en-
courage conservation and investment for future produc-
tion. Lower oil prices are said to be sowing the seeds 
for the next energy crisis. 

Canada's experience in the last five years provides an 
interesting case study in the importance of price, both 
for conservation and production. Crude oil production 
is expected this year to be almost 300,000 barrels per 
day higher than was forecasted in 1980, the major 
reason being the unprecedented investment that was 
made during the last five years. In Alberta, exploration 
expenditures between 1980 and 1984 totalled $8.5 bil-
lion, 125 percent more than was spent in the previous 
33 years. This investment was made during an econo-
mically disastrous period which included the ill-timed 
National Energy Program and the worst recession in the 
post-war period. 

It is OPEC alone, through internal production cutbacks, 
that has been supporting the current oil price. The one 
major lesson that became clear in the last ten years is 
that world petroleum potential is geologically much 
larger than originally expected. The only requirement 
is to have the right economic motivation to look for it. 
Virtually every major country outside of a handful of 
OPEC members is essentially at maximum capacity. 
This capacity rate has been achieved as a result of an 
unprecedented investment in the late 1970s and early 
1980s. The United States, Canada, and the North Sea 
today are producing at rates which only five years ago 
were considered unattainable based on the best geologi-
cal and engineering forecasts available. 

Oil and gas investments today are declining as a result 
of declining price expectations, poor historical rates of 
return and high real rates available in reasonably low 
risk investments elsewhere. 

The lower oil prices go in the short term, the more 
Important will be the role of OPEC in the near future 
since it is only OPEC that has spare capacity and 
cheap, readily available reserves. Oil prices, if they 
had remained at their historical levels of $34, probably 
would have prevented OPEC from occupying an Import-
ant role in setting higher energy prices until late into 
the 1990s. At current prices, it appears inevitable that 
OPEC will be back in control supplying at least 50 per-
cent of the free world's oil by 1990. If the price of oil 
declines more rapidly over the next several years, their 
importance will come to the forefront even sooner. 

CHEVRON FORECASTS LARGE NEED FOR 
SYNTHETIC FUELS AND UNCONVENTIONAL 
OIL AFTER 2000 

The Economic Department of Chevron Corporation re-
leased Its most recent energy forecasts in June 1985 in 
a publication entitled World Energy Outlook. The 
publication is a continuation of annual forecasts to 2000 
that have been prepared by Chevron. (Previous fore-

-

1-23	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



casts were summarized in the Pace Synthetic Fuels 
Report on page 1-21 of the December 1983 issue and 
page 1-29 of the September 1984 issue.) 

Highlights of Chevron's 1985 forecasts for the agre-
gated total of non-Communist countries are as follows, 
with the 1984 forecasts shown in parentheses: 

• Total energy consumption will increase at an 
average of 2.2 percent per year (versus 2.4 per-
cent in the 1984 forecast). This rate is approxi-
mately three-fourths the GNP growth rate. 

• Oil consumption will increase at an annual 
growth rate of 1.0 percent (versus 1.2 percent). 
Oil's share of total energy will decline from 
48 percent in 1984 to 40 percent in 2000. 

IS Oil production capaèity will exceed demand, 
with OPEC supplying approximately one-halt 
until 2000 when its share will grow. 

• Little upward pressure on oil prices will be 
experienced until the demand for OPEC oil 
increases in the 1990s. 

• Natural gas production will increase at an aver-
age of 2.4 percent (versus 2.8 percent), with 
end-user prices competitive with fuel oil. 

• Coal use will grow at 3.2 percent annually, with 
prices only increasing at the rate of inflation. 

• Nuclear power will grow at 5.6 percent per 
year, primarily in Europe and Asia. 

• Surplus distillation capacity will exist, but addi-
tional facilities to convert fuel oil to light 
products will be needed by 1990. 

• One million barrels per year of synthetic liquids 
will be produced by 2000. 

Energy Supply 

A discussion concerning the ultimate amount of crude 
oil that is recoverable by conventional means is pre-
sented in Chevron's forecasts. Approximately 2 trillion 
barrels Is estimated to exist, of which 530 billion bar-
rels is estimated to have been already produced. The 
remaining 1,400 to 1,500 billion barrels Is estimated to 
be comprised of 698 billion barrels of proved reserves 
at the end of 1984 and 100 to 800 billion barrels of 
future discoveries and reserves expansion. Based on 
these estimates, Chevron has prepared a long-term 
crude oil supply forecast shown in Figure 1. 

Chevron has drawn the following conclusions from the 
supply curve in Figure 1: 

"First, assuming no politically or militarily imposed 
restraints, the world's supplies of conventionally re-
coverable crude oil and natural gas liquids are adequate 
to meet projected demand through the end of this 
century. Second, at some time early in the next 
century, conventional oil production can reasonably be 
expected to reach a peak and then begin a long-term 
decline. World demand for liquid fuels will then be met 
by an increasing volume of synthetic fuels and oil 
recovered by unconventional means. Liquids from these
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sources will serve to supplement the conventional oil 
volume by tapping additional natural resources, such as 
oil shales, tar sands, and the vast heavy oil resource of 
the Venezuelan Orinoco belt, as well as by additional 
production from known conventional oil deposits by 
employing expensive techniques to recover higher per-
centages of the oil in place. The forecast to 2000 
includes relatively modest amounts of these expensive 
liquids. However, even a very conservative view of 
world demand growth suggests that soon thereafter 
supplies of conventional oil will become increasingly 
tight and the quantities of these alternative liquids will 
have to increase." 

According to Chevron, near the end of this century oil 
demand will cause production to approach its limit. 
Non-Communist world crude oil production is forecast 
to rise from approximately 39 million barrels per day in 
1984 to over 42 million in 1990 and almost 49 million in 
2000. 

Non-OPEC total production is expected to be stable for 
the remainder of the century, increasing slightly from 
21.7 million barrels per day in 1984 to a peak of 
approximately 22.5 in 1987 and 1988, followed by a slow 
decline to approximately 21 million by 2000. 

In the United States continuing depletion of resources 
will result in a production decline from 8.8 million 
barrels per day in 1984 to an estimated 8.3 million in 
1990 and 6.9 million in 2000. As shown in Figure 2, the 
United States is expected to import more than 50 per-
cent of its oil requirements before the end of the 
century. 

Figure 3 depicts Chevron's forecasts for the worldwide 
mix of energy production to 2000. Natural gas produc-
tion is forecast to increase from an estimated 1984 
level of 34.6 trillion cubic feet to 50.3 trillion in 2000, 
an annual average growth of 2.4 percent. The increase 
will be mainly in the areas outside the United States 
and Western Europe. United States production is ex-
pected to fall from 17 trillion cubic feet in 1984 to 
14.9 trillion by 2000. Canadian production of 2.6 tril- 
lion cubic feet in 1984 will grow at 4.6 percent per 
year, while Western Europe production will only in-
crease from 6.2 trillion cubic feet to 6.9 trillion by 
2000. Developing countries production increases will 
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A strong average annual growth of 5.6 percent will 
increase the share of nuclear power to 8.6 percent in 
2000, the equivalent of 11.9 million barrels per day of 
oil. United States capacity in 2000 will represent 
27 percent of the non-Communist world total. Europe 
produced about 45 percent of non-Communist world 
nuclear power in 1984 and will remain at that level 
through 2000. Japan's capacity ranks third among non-
Communist countries, and it will increase steadily 
through 2000. 

Total non-Communist active solar energy consumption 
is forecast to rise from 29,000 barrels per day oil 
equivalent in 1984 to 180,000 In 2000. Solar energy 
growth Is forecast at 12 percent per year, with the 
United States accounting for most of the growth. 

Regarding synthetic fuels, Chevron forecasts that 
government subsidized projects currently operating in 
Canada (tar sands to oil), South Africa (coal to oil), and 
Brazil (biomass to ethanol) will continue to expand, 
producing an average of 80 percent of the world's 
synthetic liquids through 1995. Contributions from oil 
shale will remain small through the end of the century, 
accounting for less than 20 percent of the world's 
1 million barrels per day synthetic liquids production. 
However, Chevron believes that upward price pressures, 
huge identified potential resources, strong Internal 
markets, and advancing technologies should encourage a 
tripling of United States and doubling of world synfuels 
production during the first decade of the 21st Century 
(Figure 4). 

In the next fifteen years, United States demand for 
alcohol in motor fuel is forecast to increase fourfold 
from the current level. By 2000, about 15 percent of 
total gasoline requirements will be met by fuels blended 
with alcohol, resulting in a demand for alcohol of about 
80,000 barrels per day. Additionally, by 2000, ethanol's 
share of the gasoline market in Brazil Is expected to be 
about 70 percent. 

range from 5.2 percent per year in Latin America to 
7.2 percent per year in Africa and the Middle East. 
OPEC production will increase from 10.1 trillion cubic 
feet to 21.1 trillion. 

Hydroelectric power consumption is forecast to grow at 
2.5 percent per year between 1984 and 2000. Among 
the developed countries, the increases will occur In 
Canada, Norway, Finland, Turkey, Spain, Portugal, and 
Greece. Most of the growth will occur in the develop-
ing countries, particularly those In Latin America and 
Asia where it will average more than 4.5 percent per 
year. 

With respect to oil, Chevron expects that OPEC will 
continue as the swing producer, with its production 
established by world oil demand. OPEC crude produc-
tion, 17.3 million barrels per day in 1984, will slowly 
increase to about 20 million in 1990, and to 28 million 
barrels per day by 2000. OPEC will again provide more 
than one-half of the non-Communist world's total crude 
oil supply by the mid-1990s. In the Communist area 
Chevron forecasts crude oil and MGI.. production will 
remain flat at about 12.5 million barrels per day 
through the balance of the century. China's crude oil 
production is expected to rise slowly over the next 
fifteen years. The rest of the Communist area crude 
oil production, principally in Eastern Europe, will con-
tinue to decline gradually from its current level of less 
than 500,000 barrels per day. Total Communist area 
crude and NOL production is forecast to remain essent-
ially level at about 15.5 million barrels per day between 
1985 and 2000. 

Geothermal electric generation Is expected to continue 
its rapid growth, but remain a negligible part of electri-
city generation. 

Free-world consumption of coal is forecast to increase 
3.2 percent per year to the end of the century. United 
States coal use will continue to grow at an average of 
2.8 percent. Outside the United States, the principal 
region of growth in coal consumption will be Asia, 
accounting for almost one-half the growth. Western 
Europe coal demand will increase by an average of 
2.5 percent per year to 2000.
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Energy Demand 

Chevron forecasts energy demand for each area of the 
world and for each major energy type. These forecasts 
are based on the economic growth rates predicted in 
Table 1.

TABLE 1 

CHEVRON FORECASTS OF REAL GNP
ANNUAL GROWTH RATES

(Percent) 

Pre 
1974- 1974- 1984- 1986-
Trend 1983 1985 2000 

United States 3.5 2.0 5.0 2.5 
Canada 5.0 2.0 3.5 2.5 
Western Europe 4.5 1.5 2.5 2.0 
Japan 8.5 4.0 5.5 4.0 
Other South & East Asia 5.0 5.5 5.0 5.0 
Oceania 5.0 2.0 4.5 3.0 
Middle East 9.0 2.5 2.5 4.0 
Africa 6.5 4.0 3.0 3.0 
Latin America 7.0 3.0 3.0 4.5 
Communist 5.0 3.0 3.5 2.5 
World 5.0 2.5 3.5 3.0

Chevron forecasts that the world economy will grow at 
an average rate of 3 percent per year. Energy demand 
Will grow at only 2 percent per year due to lingering 
conservation effects. Non-oil sources will account for 
three-fourths of the energy growth, and oil consumption 
will grow at one-half the rate of total energy use. 
Total energy demand will rise to an equivalent of 
208 million barrels of oil per day, with oil use increas-
ing to 70.6 million barrels per day.

The following summary condenses Chevron's forecasts 
of energy demand for each area of the world: 

United States-The economy will grow at 2 to 
3 percent per year to 2000; total energy con-
sumption will increase at an average annual 
rate of 1.3 percent; oil consumption will in-
crease at less than 1 percent per year; natural 
gas use will grow even more slowly than oil; 
coal will account for over 50 percent of the 
Increase In United States energy use (27 per-
cent of total demand by 2000 versus 22 percent 
at present); and nuclear energy will increase by 
50 percent, but will only comprise 7 percent of 
energy use by 2000. The mix of United States 
energy use is depicted in Figure 5. 
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• Canada-Oil consumption will increase at less 
than 1 percent per year to 2000, with non-oil 
sources (coal, natural gas, hydroelectric, and 
nuclear) growing at an average of 2 percent per 
year. 

• Western Europe-Real GNP will grow at 2.0 to 
2.5 percent per year until 2000; total energy 
consumption will grow atan average rate of 
1.8 percent; oil's share will decline from 48 per-
cent in 1984 to 38 percent (12.7 million barrels 
per day) in 2000; nuclear power will grow from 
9 percent of total energy consumption in 1984 
to 16 percent in 2000; and natural gas will 
maintain its 16 percent market share, but the 
supplies will increasingly come from the Soviet 
Union. Chevron provides separate forecasts of 
energy consumption for Prance, Italy, the 
United Kingdom, and West Germany. 

• Japan-Real GNP growth will average 4 per-
cent per year through 2000; total energy con-
sumption will increase only 1.9 percent per year 
(10.5 minion COE barrels per day in 2000); oil 
consumption will grow at only 0.3 percent per 
year (down S to 47 percent from its 60 percent 
market share in 1984); coal use will grow at 
1.9 percent per year to maintain its market 
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share of 18 percent; nuclear power will grow at 
7.2 percent per year to capture 17.5 percent of 
total energy by 2000; hydroelectric, geother-
mal, and solar will grow annually at 3.7 per-
cent; and natural gas will increase its market 
share to 11 percent by 2000 by growing at 
3.5 percent per year. 

• South and East Asia—These countries will show 
the strongest economic growth at over 5 per-
cent annually to 2000; total energy growth will 
also be high at 5 percent per year to equal 
15.2 million COE barrels per day; oil consump-
tion will grow at 2.3 percent per year; coal use 
will increase 5.6 percent per year from a 
33 percent market share in 1984; natural gas 
consumption will grow at 9.2 percent per year; 
nuclear power will grow annually at 11 percent 
to provide 7 percent of all energy by 2000; and 
hydroelectric and geothermal use will increase 
at 7.2 percent per year. 

• Oceania—Real ON? will increase at 3.0 to 
3.5 percent per year through 2000; total energy 
use will rise at 3 percent per year; oil's market 
share will decline to 33.5 percent by 2000 de-
spite an annual increase of 1.5 percent per 
year; no nuclear power additions will occur; 
hydroelectric and geothermal use will increase 
only 1.2 percent per year; coal in Australia and 
natural gas in New Zealand will supply 39.8 and 
19.4 percent, respectively, of the region's total 
energy consumption in 2000. 

• Middle East—Oil will be the dominant energy 
supply, accounting for 60 percent of all energy 
in 2000 (down from 75 percent in 1984); natural 
gas will be the fastest growing energy source, 
increasing its market share from 22 to 38 per-
cent in 2000. 

• Africa—Excluding South Africa, economic 
growth will not exceed 3 percent per year; total 
energy consumption will increase 3 percent per 
year, primarily in Algeria, Egypt, Nigeria, and 
South Africa; in 2000 oil will account for 
40 percent of energy consumption, coal for 
35 percent, and natural gas for 18 percent. 

• Latin America—Oil will be the slowest growing 
energy source, but will still account for one-
half of total energy use in 2000; hydroelectric 
and natural gas will account for 40 percent. 

• Soviet Union—Total energy consumption will 
grow by 2.6 percent per year to 37.2 million 
COE barrels per day in 2000; oil use will 
increase less than 1 percent per yea natural 
gas will grow at 4 percent per year to supply 
41 percent of all energy by 2000; coal consump-
tion will increase at one-half the total rate, 
thus losing its market share from 25 percent 
today to 21 percent by 2000. 

• Eastern Europe.—Total energy consumption will 
increase to 13.4 million COE barrels per day in 
2000, an average annual growth of 2.3 percent; 
oil's share will drop from 23 to 16 percent 
between 1985 and 2000; coal will continue to 
provide one-half of all energy; natural gas will

increase slightlyto approximately one-fifth; 
and nuclear will increase rapidly from 2 to 
8 percent of total energy. 

China—The economy will be one of the fastest 
growing at 4 to 6 percent per year; total energy 
will increase at 4 percent per year, reaching 
17.5 million COE barrels per day in 2000; coal 
will continue to provide almost three-fourths of 
all energy; oil's share will tall from 20 to 
13 percent by 2000; hydroelectric energy will 
increase to 10 percent by 2000, but nuclear 
energy will not be a significant contributor. 

Energy Prices 

As shown In Figure 6 Chevron forecasts that during the 
1990s as the production rate of oil begins to approach 
the world's capacity limits, oil prices will rise. These 
increases in real prices will stimulate the development 
of synthetics and will justify the cost of expensive 
enhanced oil recovery. Eventually, the cost of products 
from enhanced oil recovery projects will rise to that 
from synthetics. At this price level, the available 
supplemental resources are immense, and assure a 
large, but (compared to conventional oil) expensive 
supply of liquids for many years. 
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OIL EXPORTING COUNTRIES TO GAIN CONTROL 
IN 1990 

Decisions which affect oil requirements within the 
industrialized nations will continue to be the major 
factor in the world oil market according to the outlook 
presented by Dr. Elihu Bergman, Executive Director of 
Americans for Energy Independence. 

Speaking at a petroleum seminar in March 1985 he 
stated his view is that OPEC functions as the supplier 
of last resort. Failure to recognize the potential power 
of OPEC could result in inappropriate policy decisions 
which will accelerate dependence on this component of 
supply. 
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Vulnerabilities within the oil pact countries are now 
exposed. Pointing to the absence of significant recov-
ery in oil demand OPEC revenues have not been able to 
satisfy the divergent financial requirements of indivi-
dual members. Cash flow needs of low population "cash 
rich" members are in conflict with the high population 
"cash poor" countries. Various forms of volume/price 
competition surface as member nations vie for market 
share. 

Between 1973 and 1983, the OECD countries as a group 
reduced oil consumption by nearly 20 percent. Substi-
tution of alternative resources for oil was speeded up 
during this period. Although natural gas use declined in 
the United States, it became increasingly important in 
the Western European and Japanese energy systems. 

Since 1979 OPEC production has fallen nearly 50 per-
cent while 4.5 million barrels per day of additional 
production was developed in non-OPEC regions. Supply 
patterns have shifted accordingly. For instance, in 
1979 the top importers Into the United States were 
Saudi Arabia, Libya, and Nigeria. By 1985 these were 
replaced by Mexico, Canada, and the United Kingdom. 

Offering a cross section of recent energy forecasts 
made In the United States Dr. Bergman suggests the 
1990s will bring: 

• Increases in energy requirements worldwide 

• 17 to 30 percent decrease of United States oil 
production 

• United States import requirements up to 
7.5 million barrels per day by 2000 

• OPEC production up to 29 million barrels per 
day by 2000. 

The net effect of these developments can be forecasted 
with reasonable certainty. Dr. Bergman believes that 
unless the importing nations begin now to deliberately 
create alternatives; the 1990s will see exporting 
countries as suppliers on their own terms.
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ECONOMICS 

CHEVRON ESTIMATES GREATLY INCREASED 
SYNCRUDE REFINING COSTS 

In a report prepared for the United States Department 
of Energy in May 1985, Chevron Research Company 
prepared updated estimates of the cost of refining coal 
and shale oil syncrudes. 

Design studies and cost estimates have been published 
under this contract from 1978 through 1984. Cost 
indices have changed and methods have been improved 
with the passage of time. Chevron states that they 
have now revised all the previous results to a common, 
consistent basis. 	 - 

Refining costs, in dollars per barrel of desired product 
for 50,000 barrels per day, are shown in Table 1. Each 
range encompasses product slates varying between gas-
oline, jet fuel, diesel, and heating oil. 

TABLE I

REPINING COST 
(Dollars Per Barrels of Desired ProAlet) 

Yew of Original Estimate 	 Present 
Mi a ,. a 

Syaenjde Feed 
P.r.ho shale Oil	 10-12	 25-30 

Weal Virginia sac-ti Oil	 10-I6	 18-21 

Illinois Il-Coal Qfl	 0.15	 14.15 

Wyodaic 11-Coal Oil	 8-43	 11-16 

Texas Lignite BOB Oil	 13-17.5	 15-20 

These refining costs do not include the cost of the 
syncrude feed. According to Chevron the costs were 
developed from correlations of Chevron's actual costs 
of petroleum processing plants constructed over the 
last twenty years. Estimates for the hydroprocessing 
units were further refined by adjusting for conditions 
determined for each feed by pilot plant experiments. 
The accuracy of these estimates is therefore greater 
than that of a "curve-type" estimate but less than that 
of a full-scale process design. 

Methods of Revision 

A major source of inconsistency in cost estimates 
performed over any length of- time is the effect of time 
itself: material and labor costs generally rise with time 
while estimates usually attempt to account for this by 
using cost indices. Chevron's previous estimates were 
performed over the period from 1978 to 1984, during 
which time costs were rising fairly steeply, so the time 
effect produced most of the inconsistencies. For this 
report, they re-estimated the cost of each refining 
scheme using first quarter 1984 as a basis. 

The other significant difference affecting the cost 
estimates is a change in the method used for estimating 
yield structures from catalytic reforming. In earlier 
estimates, reforming yield structures for coal liquids

were estimated from existing correlations based on 
petroleum stocks. A new correlation based on experl-
mental data from actual coal feedstocks predicts signi-
ficantly more favorable yields and qualities (more liquid 
and hydrogen, less gas, and less increase in reformate 
end point) than does the general petroleum correlation. 

The original shale oil balances were not revised. 
General reforming correlations should be applicable to 
hydroprocessed shale naphthas because their hydrocar-
bon. compositions are similar to those of petroleum 
naphthas. 

The stock balance rule used in the estimates is that 
each refinery must import no outside fuel or hydrogen 
plant feed, but must fill these requirements with pro-
duct gas, excess butanes, undesired product liquid, or 
syncrude for fuel. Coal is assumed for boiler plant (as 
opposed to refinery) fuel in all cases. 

A change affecting the stock balance from earlier 
results is a new set of rules to determine hydroprocess-
ing product cut points. The change was brought about 
by the reforming pilot plant data which showed less of a 
naphtha end point increase than had been previously 
estimated. This allowed a wider boiling fraction to be 
reformed, which in turn allowed a higher hydrocracking 
recycle cut point, improving hydrocracker yields in the 
maximum gasoline cases. The distillate boiling ranges 
were also widened in the kerosene/jet and heating oil 
cases to the maximum within specification. 

Comparing the revised stock balances with the origi-
nals, the standout difference is the decrease in size of 
the hydrogen plants because of the increased reforming 
hydrogen production. This difference becomes dra-
matic in the all-gasoline cases. 

Cost Estimates 

Besides increases in material and labor cost indices to 
reflect the passage of time, there are two major 
changes from previous reports: (1) parameters used for 
calculating the per barrel processing cost have been 
updated to account for tax laws in effect as of 1984; 
and (2) feed and product values used for calculating 
working capital have been raised to reflect increased 
costs for syncrude production. 

Conditions for the hydrocracking predictions were re-
vised to achieve one year run lengths using recently 
obtained data and petroleum processing correlations. 

As in the original estimates, naphtha hydrotreaters 
were included in the refining plans using moderate 
severity whole oil hydrotreating—producing home heat-
ing oil—but not in the plans using higher severity whole 
oil hydrotreating—producing all gasoline or kero-
sene/jet. Whether naphtha hydrotreating would be 
needed in addition to severe whole oil hydrotreating Is a 
question which could only be resolved by a series of 
reforming catalyst life tests. 
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Table 2 summarizes all the updated investment and 
refining costs for the syncrude feeds investigated. 

There were three major updating factors derived. The 
first—a multiplier of nearly 1.6 over the six year 
period—is simply the general effect of inflation on 
construction cost. A "modernization" factor—a multi-
plier of 1.4 for modern designs versus the designs of 
actual plants built by Chevron in the mid-1970s--re-
suits from facilities added to meet stricter environmen-
tal requirements, conserve more energy, meet more 
stringent safety regulations, and improve reliability and 
operating efficiency. The third factor—a multiplier of 
1.15—is an attempt to account for a less favorable 
field labor productivity and materials purchasing situa-
tion. Multiplied together, the updating factors cause an 
additional refining investment of more than 150 percent 
of the base from 1978 to 1984. 

The effects of the stock balance changes include: (1) 
smaller hydrogen plants because of higher reforming 
hydrogen yields, (2) less non-salable product (but needed 
for refinery fuel and hydrogen production) because of 
wider distillate cuts, and (3) no internal consumption of 
finished products. 

The major result is a significant reduction of invest-
ments in the all-gasoline cases. This is a direct result 
of the change in the reforming yield estimation method: 
higher hydrogen yield from reforming allows smaller 
hydrogen manufacturing plants. This effect is signifi-
cant only in the all-gasoline cases because the re-
formers are three to five times larger than in the 
distillate-producing plants. 

Previous Chevron studies concluded that all-gasoline 
would be the most expensive product slate, followed by 
kerosene/jet gasoline and heating oil gasoline, in that 
order. Now, as can be seen in Table 2, the cost ranking 
between gasoline and Jet becomes feed dependent. On 
a volume basis, it would be less expensive to make 
gasoline than Jetfrom West Virginia SRC-11 oil and 
Illinois H-Coal oil and more expensive from redistilled 
Texas Lignite BUS oil and Wyodak H-Coal oil. On a 
dollar per mile driven basis, making all-gasoline would 
still be more expensive. In any case, the cost differ-
ences between the two product slates are now much 
smaller.

TABLE 2 

SUMMARY OF UPDATED INVESTMENTS
AND REFINING COSTS

(First Quarter 1984)

Total	 Total 
Invest- Refining 

Feed	 Input	 ment	 Cost 
(BPCD) (MM$) (T/—Bbl—of 

Desired 
Products) 

Desired Products 50,000 SPCD Motor Gasoline
Plus Jet/Diesel 

Whole (As Received) 

Paraho Shale Oil 52,900 1,320 27.5 
West Virginia SRC-11 Oil 57,800 1,160 23.5 
Illinois H-Coal Oil 55,100 960 19.5 
Wyodak U-Coal Oil 53,800 750 14.0 
Redistilled 

Illinois H-Coal Oil 54,700 850 17.0 
Texas Lignite EDS OIl 54,950 740 15.0 
Wyodak H-Coal Oil 53,650 720 14.0 

Desired Produeti 50,000 BPCD Motor Gasoline 

Whole (As Received) 

West Virginia SRC-11 OIl 54,300 1,030 20.5 
Texas Lignite EDS Oil 51,600 960 19.5 
Illinois H-Coal Oil 51,900 950 18.5 
Wyodak H-Coal Oil 52,300 840 16.0 
Redistilled 

Texas Lignite EDS Oil 56,950 820 15.5 

Desired Products 50,000 BPCD Motor Gasoline 
Plus No. 2 Heating Oil 

Whole (As Received) 

West Virginia SRC-II Oil 56,600 870 17.5 
Illinois H-Coal Oil 53,000 660 13.5 
Wyodak H-Coal Oil 52,400 560 10.5 
Redistilled 

Texas Lignite EDS Oil 56,100 710 14.5

Out 
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INTERNATIONAL 

COMMISSION OF THE EUROPEAN 
COMMUNITIES CONSIDERS NEW 
ENERGY OBJECTIVES 

In a May 28, 1985 communication from the Commission 
to the Council, the Commission of the European Com-
munities undertook the consideration of a new set of 
energy objectives. 

The present Community objectives for 1990 were fixed 
five years ago and these objectives seem likely to be 
achieved. But 1990 is now not far away and these 
objectives can now have only a limited influence on the 
remainder of this decade. Decisions taken in the next 
few years will determine the Community's energy situa-
tion in the 1990s rather than In this decade. The 
Commission believes it essential toset new longer-term 
objectives to provide a context for policy makers 
producers and consumers. 

In addition, the energy picture has fundamentally 
changed since the 1990 objectives were set. The more 
relaxed market situation has eased some of the pres-
sures. But there are also dangers inherent in this 
change, according to the communication. Temporary 
surpluses, whether of oil, gas, coal, electricity or 
uranium, and downward pressure on prices are short-
term signals which could delay or undermine the decis-
ions necessary to assure long-term needs. The effect of 
the weak market situation on the financial position of 
the energy industries could hinder Investment. More 
generally, there will always be a risk of complacency 
and policy delays in this type of situation. 

Further progress will not therefore come about auto-
matically. It will require positive commitment to avoid 
risks and to ensure that the decisions necessary to bring 
about favorable outcomes are In fact taken, and taken 
on time. The adoption of new longer-term objectives 
will underline and endorse this need. 

The Commission's analysis suggests that it is the energy 
situation in 1995 and beyond which will be vitally 
determined by the decisions taken or not taken in the 
next few years. Therefore, a ten year time scale would 
seem to be a useful horizon for most sectors, although 
likely trends beyond that time will have to be taken 
into account. The Commission therefore submitted a 
draft Council Resolution defining Community energy 
objectives for the year 1995. 

Technical Objectives 

The Community's overall energy policy would be guided 
by certain horizontal objectives common to all the 
energy sectors. 

Listed under technological innovation would be the 
objective of continued promotion of innovative energy 
technologies through research, development, and de-
monstration. This will be an important factor In the 
continued restructuring of the Community's energy 
economy and in its future competitiveness.

Under this objective it is noted that coal burning is 
already viable for a number of industries, but efforts 
must be made to develop technologies which can cope 
with tighter environmental standards and offer econ-
omic advantages, for instance fluidized bed combustion, 
the use of coal-water mixtures, development of low-
NOx burners and flue gas cleaning. The large-scale 
application of coal gasification and liquefaction in 
Europe will also require improvements in the economics 
of these technologies. 

The promotion of these and other technologies will 
require financial commitments and sustained policies. 
The Council has recently approved the Third Com-
munity R&D Program, for non-nuclear energy, and is 
now considering extension of the demonstration pro-
jects and hydrocarbon technology programs. 

Liquefaction and Gasification Review 

Earlier, in February of this year, the commission had 
completed a review of the liquefaction and gasification 
programs. 

The review noted that as far as above-ground gasifi-
cation is concerned, all projects are well on the way 
towards completion. Thus, in the near future, solutions 
will be available to produce different qualities of gas 
from the most diverse feed fuels. Among these routes, 
the production of synthesis gas to be used as a feed-
stock for the chemical industry can be regarded as 
having the best prospects for early use on a fully 
commercial basis, particularly when cheap lignite is 
used as the raw material. The production of methanol 
from coal gas might be envisaged, once plenary Council 
decisions on the use of methanol as a motor fuel are 
taken. 

Combined-cycle power stations are also likely to be 
commerciable in the short term. This is particularly 
satisfactory since they present important environ-
mental advantages in reducing both SO2 and NOx 
emissions. 

In prevailing economic circumstances however, the re-
view concludes that production of SNG (Substitute 
Natural Gas), can be considered only as a medium-or 
long-term option. Most gasification processes are still 
suffering from being suitable to only a limited number 
of well-defined applications. Special emphasis should 
therefore be given to processes offering flexibility with 
abroad range of fuels. 

The work on underground gasification was pointed out 
as an excellent example of the need for international 
collaboration. In 1978, two different projects were 
started (the Belgo/German IDGS and the French GEGS 
projects), based on the same principle of establishing a 
linkage between two boreholes, namely by so-called 
reverse combustion. This technology was regarded by 
many as a short-term solution for the Community's 
energy problem. Consequently, the work was started in 
a hurry and without much coordination. Unfortunately, 

1-31	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



the reverse combustion technology has run into serious 
difficulties and must now be considered as a failure or 
at least as too unreliable for industrial applications. 
Thus, the Commission's 1982 evaluation has been con- 
firmed, i.e., that underground gasification will need a 
long time to reach the point of industrial applicability, 
but should in any case be developed in view of the large 
coal reserves which can no longer be mined by conven-
tional methods. 

The organizations involved, now including the UK Na-
tional Coal Board, have therefore proposed to continue 
the work, but to select directional drilling as a linkage 
technique. The Commission has already agreed in 
principle to this, but has insisted on a well-prepared, 
common project in order to avoid duplication of work. 

With regard to liquefaction the review said that in-
direct liquefaction processes have been considerably 
improved from the point of view of efficiency and 
selectivity as far as gasoline is concerned but the 
economics still have to be improved. 

Direct liquefaction technologies have been demon-
strated from the technical point of view. In the long 
term, this conversion route Is likely to become indis-
pensable for the organic chemicals industry and for the 
production of motor fuels, but still requires consid-
erable improvement. 

Therefore, the Community's program coven both in-
direct and direct liquefaction processes, but the number 
of projects supported is small compared with gasif I-
cation. This reflects the fact that both indirect and 
direct liquefaction, when used to produce motor fuels, 
require improved economic circumstances before they 
can be commercialized in Europe. However, this tech-
nology should be ready in case natural liquid hydro-
carbons become too expensive or rare. Furthermore, 
liquefaction can be imagined on the basis of cheap coals 
in other parts of the world, and the implementation of 
such an industry would offer the opportunity for con-
siderable technology exports. 

In summary, the Community's program covers a number 
of process routes which fit into a time-shared strategy. 

Short-Term 

• Synthesis gas production, particularly from lig-
nite 

• Production of fuel gas for combined cycle 
power stations. 

Medium-Term 

• Production of Substitute Natural Gas (SNG) for 
the public grid 

• Liquefaction in order to obtain lower-grade 
products like methanol.

• Underground gasification 
S High-grade liquefaction products (motor fuels). 

The further development of these technologies will 
require intensive international collaboration, in order to 
meet the technical challenges and to overcome the 
economic difficulties. 

The Commission considers that, after resuscitating in 
the 1970s (after an interval of nearly 30 years) the 
various research, development, and demonstration acti-
vities In this area, after spending a considerable amount 
of money, after rebuilding competent teams, and after 
reviving interest in solid fuel conversion, it is very 
important to press on with the aim of establishing new 
medium- and long-term options for alternative energy 
sources of high capacity. 

Proposals for New Council 
Regulations 

Based on the previously discussed program reviews, the 
Commission put forward proposals for two new Council 
regulations for the continuation of the energy demon-
stration program following the expiry of the current 
regulations at the end of 1985. 

The two proposals refer firstly to demonstration pro-
jects relating to the exploitation of alternative energy 
sources and to energy saving and the substitution of 
hydrocarbons and secondly to liquefaction and gasifi-
cation of solid fuels. 	 - 

The Commission is proposing a multi-annual regulation 
for the two programs to run for a period of five years 
following the expiry of the current regulations at the 
end of 1985 to provide continuity for the program. 

In the existing programs, the level of commitment of 
appropriations has reached 100,000 ECU/year. The 
commission considers this to be a reasonable level 
which is Just sufficient to allow a credible program to 
be pursued in each of the sectors. Taking account of 
the accession of Spain and Portugal and allowances for 
inflation, the Commission proposes 700,000 ECU for the 
two five year programs with the same proportional split 
between the programs as before (equivalent to 545,000 
ECU for alternatives, energy saving, etc., and 155,000 
ECU for gasification/liquefaction of solid fuels). (One 
ECU equals approximately $0.74 U.S.). 

1-32	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



ENVIRONMENT 

OIL SHALE AND TAR SAND WASTE WATERS POUND 
TO BE TOXIC TO PLANTS 

Studies carried out at the University of Wyoming De-
partment of Range Management have been designed to 
test the effectiveness of synthetic fuel waste water 
treatment processes in removing compounds toxic to a 
rangeland grass. Treated and untreated tar sand and oil 
shale in situ produced waste water were applied to 
bluebunch wheatgrass (Agropyron spicatum) and phyto-
toxic effects were observed. Results indicate that both 
treated and untreated tar sand waste waters are toxic 
but not lethal to bluebunch wheatgrass at high concen-
trations. Low concentrations of these waters seem to 
stimulate plant growth. On the other hand, all tested 
concentrations of both treated and untreated oil shale 
retort waste water were toxic and lethal to bluebunch 
wheatgrass. 

The extent and nature of compounds formed during oil 
extraction from a shale or tar sand formation depends 
on the mineral content of the formation, and the 
recovery process used. Over 160 volatile organic 
compounds have been identified in waste waters from in 
situ processes and many are known or suspected carcin-
ogens. However, not as much attention has previously 
been given to effects on plants. These effects can be 
important because some of the suggested uses for 
process waste waters are dust control, spoil pile stabili-
zation, and revegetation of disturbed lands. 

Removal of toxic substances from synthetic fuel waste 
waters has been the subject of fairly intensive research. 
A number of waste water treatment systems to accom-
plish this goal have been developed, but their effective-
ness in making the waste water suitable for plants has 
been unknown. 

Two synthetic fuel waste waters, Tar Sand 'I'S-IS and 
Oil Shale 150T-SISR-R17 were tested for phytotoxic 
effects on bluebunch wheatgrass. These waters have 
been the focus of intensive study to develop practical 
waste water treatment techniques. 

Tar Sand Waste Water 

Tar Sand TS-1S Waste Water is a by-product produced 
during a 1980 in situ tar sand recovery field experiment 
using steam injection. The experiment was conducted 
near Vernal, Utah by the Department of Energy, 
Laramie Energy Technology Center. 

'1'S-iS Waste Water is an emulsion of tars and oil not 
removed during final oil removal processes. A total of 
4,020 gallons of this waste water was produced during 
the 1980 experiments. Waste water was stored in 
polyethylene lined barrels and transferred to the 
Laramie Energy Technology Center, and stored at 4°C. 

The two waste water treatment systems used to treat 
Tar Sand TS-IS Waste Water tested foi phytotoxic 
effects on plants were: (1) Single Stage Air Flotation 
and (2) Two Stage Air Flotation/Foam Fractionation.

The Single Stage Air Flotation treatment syste:n uses a 
cationic polymer to dc-emulsify the suspended tars and 
oils, forming large flocs. These flocs are then removed 
by rising action of air. The Two Stage Air Flota-
tion/Foam FraetionaUon System follows similar proce-
dures and is then subjected to foam fractionation, 
where an industrial surfactant is used for the final 
removal of contaminants in stage two. 

These waste water treatment systems are designed to 
remove organic carbon compounds. Both treatment 
processes removed approximately 90 percent of the 
organic carbon compounds present in the untreated 
waste water. Table 1 summarizes organic carbon con-
centrations for all waters and dilutions tested in the 
phytotoxici ty experiments. 

TABLE 1 

TOTAL ORGANIC CARBON CONCENTRATIONS 
IN TAR SAND WASTE WATER 

Water Water 
Treatment TOC Treatment TOC 

Uj7i3 (mg/l) 

TI-100 52 T2-100 60 
T2-50 30 T2-25 15 
R-lOO 1,820 R-75 1,425 
R-50 950 11-25 475 
11-10 182 - -

•T1 represents Single Stage Air Flotation 
Treated. 
T2 represents Two Stage Air Flotation/Foam 
Fractionation Treated waste water. 
11 represents untreated waste water. 
Numbers following treatment abbreviations indi-
cate waste water concentration percentages. 

Oil Shale Waste Water 

Oil Shale ISOT-SISR-Rl7 retort water (11-17) was pro-
duced in 1979 during run 17 of the 150 ton simulated in 
situ Retort (150T-SISR) located at the Laramie Energy 
Technology Center. Oil Shale from Anvil Point, Colo-
rado was retorted for 16 days. A total of 3,212 gallons 
of oil and 3,510 gallons of retort waste water was 
produced. Waste water was again placed in polyethy-
lene lined barrels and stored at 4°C after oil separation. 

Three different water treatment processes were used to 
treat the 11-17 retort waste water for this study: hot 
gas stripping, activated carbon absorption, and reverse 
osmosis. The treatment systems are as follows: (1) hot 
gas stripping, (2) hot gas stripping, then activated 
carbon absorption, and (3) hot gas stripping, then acti-
vated carbon absorption, then reverse osmosis. 
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Flat gas stripping was designed to remove ammonia 
compounds from retort water. This process gave a 
68 percent reduction in total ammonia compounds pre-
sent in the untreated R-17 waste water. A 24 percent 
reduction in total organic carbon compound concentra-
tions also occurred during this treatment. The acti-
vated carbon absorption treatment further reduced or-
ganic carbon by 12 percent to a total of 36 percent. 
Reverse osmosis treatment then removed 83 percent of 
the remaining organic carbon from the previously 
treated water giving a 94 percent overall removal of 
organic carbon from the untreated waters. 

Table 2 summarizes organic carbon concentrations for 
all waters and dilutions used in the phytotoxicity exper-
iments.

TABLE 2 

TOTAL ORGANIC CARBON CONCENTRATIONS
IN OIL SHALE WASTE WATERS* 

Water Water 
Treatment TOG Treatment TOG 

(mg/I) tiiij7l) 

R25 776 Rio 306 
R5 153 AS100 2,582 
AS50 1,291 AS25 645 
CA100 1,105 CA75 829 
CASO 552 CA25 276 
110100 188 11050 94

• R represents Untreated R-17 Retort Water 
AS represents Hot Gas Stripped 
CA represents Hot Gas Stripped-Carbon Absorbed 
RO represents Hot Gas Stripped-Carbon Absorbed-
Reverse Osmosis treatment. 
Numbers following treatment abbreviations indicate 
waste water concentration percentages. 

Growth Study Proeedwes 

All phytotoxie experiments were conducted using blue-
bunch wheatgrass. Bluebuneh wheatgrass has been 
identified as a sub-dominant plant species within vege-
tative communities associated with Wyoming oil shale 
and Utah tar sand formations and as a good indicator 
plant species for synthetic fuel waste water toxicity. 

All seeds were planted in vermiculite tilled greenhouse 
flats. Seeds were allowed to germinate and grow to the 
first leaf stage. Plant seedlings were then transplanted 
into four liter pots containing horticultural grade pen-
lite. Transplanted seedlings were grown for one week 
prior to selection of test plants and were watered daily 
with distilled water containing Hoaglands salt solution. 
Test plants were selected after one week based on 
evaluation of uniformity of vigor, size, and stage of 
development.

Test plants were arranged in a randomized four block 
design with each block containing three test plants for 
each water concentration tested, randomly located by 
lotterys within each block to overcome possible light 
difference within the greenhouse. Twelve bluebunch 
wheatgrass seedlings were selected for each water 
concentration tested. Eighty milliliters of waste water 
was applied to each test plant pot daily. 

Test plants were harvested after 10 weeks and separ-
ated Into leaves, stems, and roots. Dried samples were 
weighed and recorded on a dry weight basis. 

Tar Sand Results 

A 10 percent untreated 1'S-IS Waste Water concentra-
tion increased the total biomass of bluebunch wheat-
grass (Table 3). Plants treated with a 25 percent con-
centration of untreated water were not significantly 
different from control plants. Fifty percent and 
greater concentrations of untreated waste water re-
duced total weight production, indicating impaired 
growth.

TABLE 3 

PLANT PARAMETER VALUES FOR
TAR SAND EXPERIMENTS 

Root/ 
Total	 Shoot 

Test Water	 Weight	 Ratio 
(gi 

Experiment One 

Control 3.29 0.53 
Ti-lOG 1.11 0.72 
T2-100 0.94 0.73 
T2-50 1.84 0.68 
T2-25 2.66 0.54 
R-50 2.94 0.69 
11-25 4.57 0.59 
R-10 5.54 0.41 

Experiment Two 

Control 4.55 0.53 
R-75 1.83 0.72 
11-100 1.81 0.93

Plants watered with T2-25 Treated Waste Water pro-
duced significantly less total biomass than controls. 
Growth response was not significantly different than 
that observed for plants watered with 50 percent Un-
treated TS-lS Waste Water except for root to shoot 
ratios. Higher concentrations of treated water, like 
high concentrations of untreated waste water, pro-
moted increased root production in relation to shoot 
production.

- 
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Results indicate that bluebunch wheatgrass is tolerant 
to the organic carbon in TS-IS waste waters at concen-
trations between 475 and 950 milligrams per liter when 
grown in perilite under greenhouse conditions. 

A tar and periite conglomerate surrounded the test 
plant roots after ten weeks when plants were subjected 
to 75 and 100 concentration percentages of Untreated 
IS-IS Waste Water. This condition could explain the 
lower plant production resulting from these tests. Thus 
organic carbon may not be toxic but, when applied in 
concentrations greater than 950 miligrarns per liter, 
may create an adverse physical environment for blue-
bunch wheatgrass. 

The worst response by bluebunch wheatgrass to a 
treated water was to Ti-lOG and fl-lOG test water. 
The differences between organic carbon concentrations 
and plant response to these waste waters seems to 
indicate that the organic carbon is not a toxicant. 

Oil Shale Results 

All plants tested with either treated or untreated R-17 
retort waste water died within one to three weeks after 
waste water application began. Statistical analysis 
detected no difference between different waste water 
treatments tested. 

Survival data (Table 4) shows strong evidence that as 
organic carbon concentrations (Table 2) decrease, blue-
bunch wheatgrass survival rates increase. 

TABLE 4 

SURVIVAL DATA FOR OIL SHALE TEST PLANTS
Survival Days

Water Days Water fl2 Water Days Water flfl! 
R25 12.9 AS100 10.3 CA100 9.4 CA25 17.7 
RIO 14.9 AS50 9.3 CA75 10.9 RObe 17.3 
RB 20.3 AS25 13.8 CASO 11.3 ROSO 18.3

Many control plants also showed visual signs of stress 
and died prior to the end of the experimentation. Loss 
of leaf turgor; black, brown, and green necrotic spots; 
and a chlorotic appearance were observed on stressed 
control plants. These symptoms are similar to symp-
toms for acute ammonia vapor toxicity. Oil shale R-17 
retort waste waters have high concentrations of free 
ammonia. Free ammonia concentration for untreated, 
hot gas stripped, carbon absorbed, and reverse osmosis 
treated R-17 retort waste waters are 1,340; 1,206; 
1,118; and 225 milligrams per liter, respectively. This 
free ammonia, if in vapor form, could have caused the 
observed effects. Other potential toxicants could be 
high sodium and calcium levels in each treated water. 
High electrical conductivity has been identified as a 
problem associated with soilless plant cultures. The 
untreated waste water has very high conductivity 
(17,600 umhos per centimeter). The conductivity of the 
treated waters is unknown but could be a potential 
source of toxicity. 

Conclusions 

Significant conclusions derived from this study include: 

• Treated and untreated Tar Sand IS-IS Waste 
Waters were toxic but not lethal to bluebunch 
wheatgrass, causing significant growth reduc-
tions at 50 percent or greater waste water 
concentration percentages. 

• Low concentration percentages (50 percent or 
less) of untreated 15-15 water stimulated the 
production of bluebunch wheatgrass. 

• Waste water treatment processes used to treat 
Tar Sand 75-1S Waste Water were effective in 
removing organic contaminants, however, there 
are still compounds present in the treated 
waters which are toxic to bluebunch wheat-
grass. 

• Treated and untreated Oil Shale R-17 Retort 
Waste Waters were toxic and lethal to blue-
bunch wheatgrass within three weeks after Ini-
tial water application for all waste water con-
centration percentages tested. 

• Current waste water treatment technology, de-
signed to remove organic carbon and other 
contaminants Is inadequate in removing phyto-
toxic components present in Oil Shale R-17 
Retort Waste Water. 
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RESOURCE 

BLM-FS INTERCHANGE TO TRANSFER MINERAL 
JURISDICTION TO PS 

On January 30, 1985 the Department of the Interior's 
Bureau of Land Management (BLM) and the Department 
of Agriculture's Forest Service (PS) announced they 
were initiating a proposal to enhance public service, 
improve management efficiency, and save agency costs. 
The effort was called the Interchange and it proposed 
the transfer, with Congressional approval, of an esti-
mated 30 to 35 milion acres of land between the two 
agencies (see Pace Synthetic Fuels June 1985, 
page 1-45). Figure 1 is a map of the proposed realign-
ment). 

When the proposal was announced, the heads of the two 
agencies, BLM Director Robert F. Burford and Forest 
Service Chief R. Max Peterson, made available a 
national concept map and some initial policy concepts 
to guide the further development of the proposal. 

These proposals were then discussed with Congressional 
delegations, governors, and many individuals and groups 
in more than 600 documented consultations and numer-
ous individual sessions. The concepts were introduced 
to the general public through a series of 85 public 
meetings. 

A number of adjustments and revisions were made to 
the Initial concept and many more specific details were 
released in June. A legislative environmental impact 
statement is being prepared for presentation to Con-
gress some time this fall. 

Background 

The federal government administers about one-third of 
the land area in the United States. The BLM and the PS 
have the responsibility for managing the majority of 
these lands. In the 48 contiguous states, the BLM 
presently manages about 117 million acres and the PS 
about 169 million acres. 

In many areas, the National Forests administered by the 
PS and the public lands administered by BLM are 
scattered and intermingled. Many of these existing 
land patterns are accidents of history, products of 
compromise, and the results of separate unrelated land 
actions dating back to the 1800s. 

National policy, during most of the nineteenth century, 
promoted settlement and development of the West by 
disposing of public domain lands. Between 1812 and 
1935, the United States disposed of more than 1 billion 
acres to private individuals and organizations through 
land sales, homesteading, and land grants.

FIGURE 1 

BLM/FS INTERCHANGE 

C

C
LANDS TO SE MANAGED ST THE 
SUR!AU OF LAND MANAGEMENT 

LANDS TO SE MANAGED ST THE 
FOREST SERVICE 

Beginning in the late 1890s, several presidents set aside 
lands for Forest Reserves, in 1905, responsibility for 
these reserves (now designated National Forests) was 
established in the Department of Agriculture, through 
the PS. The remaining public domain lands were 
managed by the Department of the Interior, through the 
BLM. As a result of all these activities, present BLM 
and PS jurisdictions in many areas lie side by side or are 
intermingled. 
These situations result in duplication of effort and man-
power requirements, creating waste, inefficiency, and 
unnecessary confusion for those who deal with either 
agency. 

eLM/PS Interchange 

These historical factors, along with the increasing pub-
lic demand for more efficiency in government and 
better public service, led the two agency heads in early 
1985 to propose a nationwide BLM/FS Interchange to 
enhance public service, to improve agency efficiency, 
and to reduce agency costs. 

The Interchange proposal consists of hundreds of coord-
inated, interrelated actions that would take place on 
National Forest and public lands and in BLM and PS 
offices throughout the country after Congressional ap-
proval. The major elements are summarized as follows: 
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Acreage Lower 48 States 
(No Acreage Transfer Is Proposed In Alaska) 

BLM PS 
on) (n) 

Surface Management (acres) 
Before Interchange 177.1 168.7 
After Interchange 174.8 171.0 

Net Change (2.3) 2.3 

Acres that would transfer from: 
ELM to FS (million) 18.3 
PS to ELM (million) 16.0 

Sub-Surface (Mineral Estate Acres 
Lower 48 States) 

Before Interchange 420.0 0.0 
After Interchange 215.0 205.0

At present, there are 71 towns in which both the PS and 
ELM have offices. After Interchange, that figure would 
drop to 22 towns.

Personnel
(Lower 48 States, Excludes Alaska) 

Permanent Employees	 PS	 BLM 

Before Interchange	 29,100	 7,400 
After Interchange	 29,800	 5,950 
Plus/(Minus)	 700	 (1,450) 

Total Positions Saved 	 750-800 

The Interchange would result In the transfer between 
the BLM and PS of some areas with important resource 
values and high levels of public interest. 

Existing land use plans covering the management of 
these resources will be followed by both agencies. Land 
use plans will not be revised as a direct result of the 
Interchange, but will be updated according to each 
agency's planning procedures and schedules. 

Minerals 

Presently, the minerals responsibility for National For-
ests is spilt between BLM and the PS. The BLM is 
responsible for lease issuance and supervision of lease 
operations while the PS is responsible for surface 
management activities. PS personnel review lease 
applications to determine surface effects and make 
recommendations to ELM regarding lease issuance.

The Interchange proposal, when approved by Congress, 
would result in the transfer of responsibility from eLM 
to the PS for approximately 205 million acres of 
mineral (sub-surface) estate. The PS would then be 
responsible for exercising minerals management author-
ity including lease issuance and operational supervision 
for all federal minerals within its areas of jurisdiction, 
including reserved federal minerals underlying state and 
private lands. This would result in consolidating re-
sponsibilities for minerals within clearly defined geo-
graphic areas. 

Based on the currently proposed interchange bound-
aries, the estimated distribution for certain federal 
mineral activities is outined as follows: 

Minerals Activity, Post-Legislation
(Percent of Total on Federal 

Non-Indian Lands) 

Activity ELM PS 1r 
Phosphate Leasing Minor Major 

Amounts Amounts 
Lead/Zinc Leasing 0 100 
Hardrock Mining Claims 65 35 
Underground Coal Leasing 30 70 
Surface Coal 85 15 
OR and Gas Leasing 80 20 
Producing Oil and Gas Leases 95 5 

and Wells 
Geothermal Leasing 90 10

Legislative Concepts 

• Transfer of Jurisdiction—The transfer of re-
sponsibilities for management of lands and min-
eral resources from one secretary to another 
would have to be accomplished by act of Con-
gress. 

• Minerals—The mining and mineral leasing acts 
would have to be amended to give the Secretary 
of Agriculture, with respect to National Forest 
System lands and federal minerals within his 
area of jurisdiction, the same authority the 
Secretary of the Interior has for the public 
lands. 

• Land Disposal/Conveyances—The Small Tracts 
Act of 1983 now applicable to National Forest 
System lands should be amended to give the 
Secretary of the Interior the same limited auth-
ority to sell, exchange, or interchange certain 
lands by quit claim deed as it gives to the 
Secretary of Agriculture.	 - 

• Other—A number of other legislative actions 
would be required to bring BLM and PS author-
ity Into equivalence for all the lands transfer-
red. 
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BLM ISSUES RECORD OF DECISION 
FOR BOOK CLIFFS PLAN 

The United States Bureau of Land Management (fiLM) 
in May published its Record of Decision for theBook 
Cliffs Resource Management Plan. The decision 
accepts the Balanced Use alternative which was 
presented in the Book Cliffs Environmental Impact 
Statement (see Pace Synthetic Fuels Report, 
September 1984, page 1-44). 

The Book Cliffs Resource Area (BCRA) covers 1.1 mil-
lion acres of public lands in northeastern Utah. It is 
roughly triangular in shape, bounded by the Utah/ Colo-
rado state line on the east, the Book Cuts Divide to the 
south, and the Green River to the north and west 
(Figures 1 and 2). 

Tar Sand 

Approximately 118,000 acres in areas identified for 
combined hydrocarbon leasing will be available for 
future tar sand development, using standard mining 
plans and stipulations. In addition to the oil and gas 
stipulations, approximately 72,000 acres of the com-
bined hydrocarbon area will be subject to mitigation for 
the following resource values. Wildlife values include: 
deer fawning and elk calving areas, the Monument 
Ridge deer migration corridor, and crucial winter elk 
habitats such as old burns and chainings. Watershed 
resources will include severe and critical erosion areas 
and one hundred year floodplains along perennial 
streams. Recreation values will include VRM class U 
areas that are within moderate potential areas for tar 
sand development. 

Mitigation will be developed during an environmental 
analysis of a proposed mining project. Mitigation could 
Include such things as habitat development prior to 
project initiation. 

Surface occupancy will not be allowed on approximately 
27,000 acres because of conflicts with certain re-
newable resource values. This designation will preclude 
tar sand development although conventional oil and gas 
may still be developed. Protected wildlife habitat will 
include MeCool Ridge winter deer and elk habitat and 
sage rouse leks. Public water reserves, four camp-
sites, and the Book Cliffs Divide Scenic Corridor will 
also be closed to occupancy. Class U visual resource 
management areas that are within low potential tar 
sand areas and the Boulevard Ridge Watershed Study 
Area, win not be available for development. 

Leases will not be issued within the Naval Oil Shale 
Reserve. 

Combined hydrocarbon leases (CUL5) (competitive and 
conversion) will be issued subject to an extensive list of 
lease stipulations and notices. 

An approved CUL will provide the leaseholder the 
opportunity to develop either oil and gas and/or the tar 
sand resource. 

Combined hydrocarbon teases could be obtained in two

possible ways, one Is through applications tiled prior to 
November 16, 1983, wherein existing oil anti gas leases 
in Special Tar Sand Areas (STSA) could be converted to 
a combined hydrocarbon lease (Figure 2). Applications 
to convert existing oil and gas leases to CIIL's within 
the BCRA totalling approximately 35,000 acres within 
PR Spring STSA and 4,000 acres within Raven Ridge-
Rim Rock STSA have been converted. 

A second method will be through a competitive leasing 
program. A schedule to offer tracts for competitive 
lease will be developed when sufficient demand de-
velops. 

Site specific environmental documents will be prepared 
prior to any development. 

I	 I	 I	 - I 
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Oil Shale 

FIGURE 2 

OIL SHALE PRIORITY MANAGEMENT AREAS 

AND SPECIAL TAR SANDS AREAS

Five separate areas within the BCRA have been delin-
eated as priority management areas for future oil shale 
leases. This designation does not limit the development 
of other resource values (it Is not a withdrawal), but 
defines an environmentally acceptable area with high 
quality oil shale values. 

Approximately 42,000 acres within three separate areas 
could be made available for underground mining and 
6,000 acres within two areas, could be made available 
for in situ development (Figure 2). Two to four oil 
shale tracts consisting of 10,500 to 21,000 acres could 
be leased within these areas under current legislation. 
Additional Information on oil shale resource values will 
be required on approximately 9,500 acres, which are 
outside of Known Oil Shale Lease Areas, before a 
competitive leasing program can occur. The actual size 
of the tracts could vary due to of (site disposal consi-
derations or other legislation that may be forthcoming. 

Detailed environmental documentation of U-a and U-b 
(White River Shale) will be handled through the BLM 
Office In Vernal, Utah. Technical assistance will be 
provided by the BLM Oil Shale Office in Grand Junc-
tion, Colorado. 

Oil and gas leases will not be issued within the Naval 
Oil Shale Reserve. 
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RECENT GENERAL PUBLICATIONS/PATENTS 

Adelman, M. A., "An Unstable World Oil Market," The Energy Journal, 1985. 

Ashby, Anne B., "Description and Implications of the 1984 Ga! Baseline Projection of United States Demand for 
Liquid Fuels," Gas Research Institute. 

Brinkman, Norman D., et al, "A Comparison of Methanol and Dissociated Methanol Illustrating Effects of Fuel 
Properties on Engine Efficiency—Experiments and Thermodynamic Analyses," General Motors Research Laborator-
ies, March 1985. 

California Energy Commission, "Affordable Electricity in an Uncertain World," May 1985. 

Chevron Research Company, "World Energy Outlook," June 1985. 

Chevron Research Company, "Refining and Upgrading of Synfuels from Coal and Oil Shales by Advanced Catalytic 
Processes," Tenth interim Report. 

Commission of the European Communities, "Council Regulation on the Promotion, by the Granting of Financial 
Support, of Demonstration Projects Relating to the Exploitation of Alternative Energy Sources and to Energy Saving 
and the Substitution of Hydrocarbons" and "Council Regulation on the Promotion, by the Granting of Financial 
Support, of Pilot Industrial Projects and Demonstration Projects Relating to the Liquefaction and Gasification of 
Solid Fuels," February 1985. 

Commission of the European Communities, "Energy Prospects to the End of the Century," December 1984. 

Commission of the European Communities, "Evaluation Report on the Energy Demonstration Programme-Liquefac-
tion and Gasificaiton of Solid Fuels," February 1985. 

Commission of the European Communities, "New Community Energy Objectives," May 1985. 

Energy Resources Conservation Board, "Review of Alberta Energy Resources in 1984." 

Herrington, John S., Secretary of Energy "Energy Policy: Building from Strength," April 1985. 

International Energy Agency, "Energy Policies and Programmes of lEA Countries, 1984 Review," 1985. 

KVB, Inc. "Guidebook for the Use of Synfuels in Electric Utility Combustion Systems," 1985. 

Maynard, Donald G., "Prospective Growth of Alcohol/Gasoline Blends Cosolvent Properties and Economics," 
Celanese Chemical Company, March 1985. 

Moulton, David S., et al, "Properties and Economics of Methanol-Gasoline Blends with High Methanol Content," 
Southwest Research Institute, February 1985. 

President of the United States, "The President's Tax Proposals to the Congress for Fairness, Growth, and 
Simplicity," May 1985. 

Roth, Philip, at a!, "The American West's Acid Rain Test," World Resources Institute, March 1985. 

Schuler, G.H.M., "The Treasury Department's View of Oil Imports in 1975, 1979, and 1985: A Study in Contrasts," 
CSIS. 

Safer, N. K., at al, "Reforming and Hydrotreating of Shale and Coal Derived Products for Making Test Fuels," 
Southwest Research Institute. 

Shelton, Shiela, et al,"Synfuels What Kind and When?", Kentucky Energy Cabinet. 

Skinner, Quentin D., et al, "Vegetative Evaluation of Procedures used to Treat Aqueous Effluents Derived from in 
Situ Fossil Fuel Processing," University of Wyoming, January 1985. 

Snow, Richard H., at al, "1984 Annual Report: National institute for Petroleum and Energy Research," United States 
Department of Energy, April 1985.
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Steiger, Roger, "Statement of Roger Steiger," Government/Industry Meeting, Society of Automotive Engineers, Inc., 
May 1985. 

Taylor, Graham C., at al, "Emerging Energy Technologies, Prospects for Colorado," Colorado School of Mines, March 
1985. 

United States General Accounting Office, "Use of Methanol as an Alternative Fuel for Motor Vehicles." 

United States Department of Energy: 

"Project Planning Document Highway Vehicle Alternative Fuels Utilization Program: 1985 Update," April 
1985. 
"Project Plan for Fleet Operations of Federal Methanol—Fueled Vehicles," April 1985 

"Properties and Economics of Methanol-Gasoline Blends with High Methanol Content," February 1985. 

United States Department of the Interior: 

"New Mexico Statewide Wilderness Study," Volume 1: Draft Environmental Impact Statement," May 
1985. 
"New Mexico Statewide Wilderness Study, Volume 2: Appendices Wilderness Analysis Report," May 1985. 

"New Mexico Statewide Wilderness Study, Volume 3: Appendices Wilderness Analysis Reports," May 1985. 

"Book Cliffs Resource Management Plan," May 1985. 

United States Department of Transportation, "The Transport of Methanol by Pipeline," April 1985. 

United States Postal Service, "Alcohol as an Alternative Fuel for Delivery Vehicles." 

United States Synthetic Fuels Corporation, "Comprehensive Strategy Report," June 1985. 

Weyant, John P., at al, "The Energy Industries in Transition 1985-2000, Parts I and 2," International Association of 
Energy Economists, November 1984. 

GENERAL - PATENTS 

"Process for Heating Solids in a Transfer Line," Henry G. McMath and Gary K. Stenerson - inventors, Exxon 
Research and Engineering Company, United States Patent 4,514,188, April 30, 1985. Oil shale, coal, Inert heat 
transfer material and other carbon-containing solids of varying sizes are preheated with a gas in a transfer line by 
first separating the solids into a plurality of size fractions and then separately introducing the size fractions Into the 
transfer line at pre-determined distances from the transfer line Inlet. The pre-determined distances are Inversely 
related to the size of the particles comprising each fraction of solids so that the fraction of solids containing the 
smallest particles is introduced at a point furthest away from the transfer line Inlet. Normally, solids withdrawn 
from the transfer line will have been heated to a temperature below which any liquids or gases evolve and are ready 
for further processing In downstream conversion units such as oil shale retorts, coal gasifiers, and the like. 

"Hydrocarbon Conversion Method," John J. Helstrom, John A. Mahoney, and Regis J. Pellet - inventors, Standard Oil 
Company (Indiana), United States Patent 4,526,615, July 2, 1985. A method for recovering upgraded liquid products 
by the hydroconversion of coal, coke, lignite, petroleum fractions, biomass, tar sands bitumen, and shale oil Is 
disclosed. In particular, the catalyst composition employed consists of a group VIB metal components and a highly 
dispersed tin component. 

"Disposal of Spent Oil Shale and Other Materials," Adrian Brown, David B. McWhorter, and George H. Watson - 
Inventors, Standard Oil Company (Indiana), United States Patent 4,529,491, July 16, 1985. A process Is provided for 
retorting synthetic fuels, such as oil shale, and disposing of the tailings in an environmentally acceptable manner. in 
the process, raw synthetic fuels are retorted in a surface retort to produce synthetic oil. The synthetic oil is 
dedusted and upgraded. The retorted synthetic fuels can be combusted and moisturized to generate heat for the 
retort, produce steam, and facilitate handling of the residual waste material (tailings). A disposal site of spent 
synthetic fuels, spent upgrading catalyst, dust, and/or other material is formed with vapor breaks at one or more 
levels in the pile. Air is passed through the vapor breaks to evaporate leachate rather than permitting the leachate 
to carry pollutants from the pile into the ground and surrounding bodies of water. 
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COMING EVENTS 

1985 

JUNE 2-5, EDMONTON, ALBERTA—The Petroleum Society of CIM, 36th Annual Technical Meeting. 

JUNE 2-5, KINGSTON, ONTARIO—The Chemical Institute of Canada, The 68th Canadian Chemical Conference, 

JUNE 3-5, BONN, FEDERAL REPUBLIC OF GERMANY—Seventh Annual IAEE Conference, Energy and Economy 
Global Interdependenees. 

JUNE 4-6, MORGANTOWN, WEST VIRGINIA—DOE Energy Technology Center, First Oil Shale/Tar Sands Contrac-
tors' Review Meeting. 

JUNE 6-7, EDMONTON, ALBERTA—AOSTRA and Canadian Petroleum Magazine, Advances In Petroleum Recovery 
and Upgrading Technology. 

JUNE 9-15, FRANKFURT, GERMANY—Deutsche Gesellschaft fur Chemisches Apparatewesen, International 
Meeting on Chemical Engineering. 

JUNE 10-12, ATLANTIC CITY, NEW JERSEY—institute of Gas Technology, Coal, Tar Sands, Peat, and Oil Shale. 

JUNE 24-26, WINDSOR, ONTARIO, CANADA—Energy, Mines and Resources Canada and United States Department 
of Energy, Windsor Workshop on Alternative Fuels. 

JUNE 25-27, MORGANTOWN, WEST VIRGINIA—DOE Energy Technology Center, First Oil Shale/Tar Sands 
Contractors' Review Meeting. 

JULY 9-11, MORGANTOWN, WEST VIRGINIA—United States Department of Energy, First Annual Tar Sand/Oil 
Shale Contractors Meeting. 

JULY 22-30, LONG BEACH, CALIFORNIA—information Center on Heavy Crude and Tar Sands, Third International 
Conference on Heavy Crude and Tar Sands. 

AUGUST 4-7, DENVER, COLORADO-23rd AIChE/ASME, National Heat Transfer Conference. 

AUGUST 4-7, LARAMIE, WYOMING—Western Research Institute (University of Wyoming), Fossil Fuel Conference. 

AUGUST 11-14, DENVER, COLORADO—Western Research Institute and United States Department of Energy, 
Eleventh Annual Underground Coal Gasification Symposium. 

AUGUST 18-23, MIAMI BEACH, FLORIDA—intersoclety Energy Conversion Engineering Conference, Energy for the 
Twenty-First Century. 

AUGUST 25-28, SEATTLE, WASHINGTON—American Institute of Chemical Engineers, 1985 Summer National 
Meeting. 

AUGUST 27-29, MELBOURNE, AUSTRALIA—University of Melbourne, Australian Institute of Energy 1985 National 
Conference. 

SEPTEMBER 1-7, BEIJING, PEOPLE'S REPUBLIC OF CHINA—Chinese Society of Aeronautics and Astronautics, 
International Gas Turbine Symposium. 

SEPTEMBER 8-13, CHICAGO, ILLINOIS—American Chemical Society, 190th National Meeting. 

SEPTEMBER 15-17, VANCOUVER, CANADA—Coal Association of Canada, 36th Canadian Coal Conference. 

SEPTEMBER 16-20; PITTSBURGH, PENNSYLVANIA—University of Pittsburgh and United States Department of 
Energy, Pittsburgh Coal Conference. 

SEPTEMBER 17-19, LONDON, UNITED KINGDOM—Institute of Chemical Engineers, 2nd European Conference: 
Coal Liouid Mixtures. 

SEPTEMBER 22-25, SAN FRANCISCO, CALIFORNIA—American Mining Congress, Mining Convention 1985. 
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OCTOBER 6-9, CALGARY, ALBERTA, CANADA—Canadian Society for Chemical Engineering, 35th Canadian 
Chemical Engineering Conference. 

OCTOBER 13-17, COLUMBUS, OHIO—lnternational Conference on Processing and Utilization of High Sulfur Coals. 

OCTOBER 14-18, PRETORIA, SOUTH AFRICA_-international Committee for Coal Research, 7th International 
Conference: Coal Research.	 - 

OCTOBER 15-18, CALGARY, ALBERTA, CANADA—ARMA, 29th Annual ARMA Conference. 

OCTOBER 20-23, PHOENIX, ARIZONA—American Gas Association, Annual Meeting. 

OCTOBER 20-24, KNOXVILLE, TENNESSEE—Oak Ridge National Laboratory, Fourth Symposium on Separation 
Science and Technology for Energy Applications. 

OCTOBER 28-NOVEMBER 1, SYDNEY, AUSTRALIA—International Energy Agency, 1985 International Conference 
on Coal Science. 

NOVEMBER 7-8, CHICAGO, ILLINOIS—American Institute of Chemical Engineers, Clean Combustion of Coal and 
Its Conversion to Fuels and Chemicals. 

NOVEMBER 10-14, CHICAGO, ILLINOIS—AIChE's Winter Annual Meeting, Fundamentals of Coal Gasification. 

NOVEMBER 12-14, HOUSTON, TEXAS—Coal Technology 185, 8th International Coal Utilization Conference. 

NOVEMBER 15, WASHINGTON, D.C.—American Institute of Mining, Metallurgical, and Petroleum Engineers, A 
Mineral Economics Symposium. 

NOVEMBER 18-20, LEXINGTON, KENTUCKY—University of Kentucky and Commonwealth of Kentucky, 1985 
Eastern Oil Shale Symposium. 

DECEMBER 7-11, MIAMI BEACH, FLORIDA—Seventh International Conference on Alternative Energy Sources. 

DECEMBER 9-11, MIAMI BEACH, FLORIDA—Clean Energy Research Institute, 7th Miami International Conference 
on Alternative Energy Sources. 

1986 

FEBRUARY 23-27, NEW ORLEANS, LOUISIANA—American Society of Mechanical Engineers, Technical Economics, 
Synfuels and Coal Energy Symposium.

#116 
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PROJECT ACTIVITIES 

DECISIONS FORTHCOMING FOR TWO 
PROJECTS—THREE OTHERS CONTINUE 
SFC NEGOTIATIONS 

The status of the six oil shale projects under considera-
tion by the United States Synthetic Fuels Corporation 
(SFC) did not change "significantly" during the period 
from June through August 1985. No new oil shale 
projects were submitted to the SFC, none were dropped 
or withdrawn, nor did any projects receive financial 
assistance awards. The six oil shale projects that are in 
various stages of negotiations with the SEC are listed in 
Table I.

TABLE I 

STATUS OF ACTIVE OIL SHALE PROJECTS THAT
APPLIED to in sic FOR ASSISTANCE 

Project	 SolicItatIon	 status 

Union OW 
Phase I Transferred from DOE	 Awarded $400 Million Price 

Guarantee 
Phase U Third Gems!	 Ajdstw.ee to be Incorpo-

rated Into Phase I 
Contract

Cathedral Bluffs	 Third Daiwa!	 Letter of Intent Signed 
Seep Ridge	 Third Daiwa!	 Letter of Intent Signed 
Paral,o-Dt.	 Third General	 DecisIon Pending 

Fourth Owiaral	 qualified Project 
CrudaAndtana 

Although no significant action occurred during the third 
quarter 1985, two, oil shale projects appear to be 
approaching major decisions by the Board of Directors 
of the SFC. At their meeting on August 21, 1985 the 
SEC Board Instructed their staff to complete negotia-
tions and contract documentation for the Union Oil 
Parachute Creek project and the Seep Ridge project. 

The SEC announced that it Is negotiating with Union Oil 
to amend the existing $400 million price guarantee that 
was awarded to Phase I of the Parachute Creek project. 
Additional assistance of up to $500 million has been 
proposed to allow Union Oil to incorporate the Uni-
shale C technology into the existing Phase I project. 
The existing SEC letter of intent for up to $2.7 billion 
to Union Oil for Phase IT of the project would be voided 
by this newly proposed assistance plan. 

With regard to the Seep Ridge oil shale project, the 
SEC Board announced that it is negotiating to provide 
up to $184.34 million in financial assistance to the 
project. The assistance package would consist of a loan 
guarantee of up to $63.02 million and an initial price 
guarantee of up to $84.81 million. The price guarantee 
would increase to a maximum of $184.34 as the loan is 
repaid. 

Additional details of the proposed SEC assistance for 
both projects are explained further In this issue in the 
Government portion of the Oil Shale section.

The SFC is continuing to negotiate with the sponsors of 
the other three oil shale projects: Cathedral Stuffs, 
Paraho Ute, and American Syncrude/Indiana. 

The status of all 25 projects (oil shale, oil sands/heavy 
oil, and coal/lignite/peat) that are presently under 
consideration by the SFC are depicted in Figure 1 in a 
separate article in this issue. Refer to the article in 
the General section entitled "Thirteen New Projects 
Apply for SEC Assistance and Five Projects Dropped:' 
Figure 2 in the same article shows the status of all 
projects, either active or dropped, that have applied to 
the SFC for financial assistance. 

CONSTRUCTION BEGINS ON OIL SHALE/COAL 
CFO ELECTRIC DEMONSTRATION PLANT IN 
CANADA 

In July 1985, the New Brunswick Electric Power Com-
mission announced that it has started construction of a 
circulating fluidized bed (CFB) demonstration facility 
at its Chatham Generating Station in Chatham, New 
Brunswick. The primary equipment supplier for the test 
program, which is scheduled to begin in 1986, is C-E 
Canada, a division of Combustion Engineering, Inc. 
Under the $10 million contract, C-E Canada Is provid-
ing the CEO steam generator and related equipment. 
Lurgi Canada Ltd., will furnish the CFB technology and 
key components. The two companies formed a consor-
tium in 1984 to provide circulating fluidized bed steam 
generators in Canada. 

The program is intended to demonstrate that circulat-
ing fluidized bed technology is a sound environmental 
and economic means of burning a combination of high-
sulfur New Brunswick coal and Albert County oil shale. 
The CFB demonstration unit will provide 
210,000 pounds of steam per hour to the station's exist-
ing 22 megawatt turbine-generator set. Although it 
will initially burn New Brunswick coal and oil shale, the 
boiler will also be capable of burning coal and oil shales 
from other parts of Canada and abroad. In the future, 
tests may be carried out on other fuels such as waste 
tailings from coal beneficiation plants, petroleum coke 
from oil sands, thermal peat, and biomass. 

Fluidized bed technology captures approximately 
90 percent of the sulfur oxide emissions created when 
high-sulfur fuels are burned. The sulfur oxide is ab-
sorbed by the oil shale via a chemical reaction and is 
transformed into a solid, disposable waste product. 
(Pure limestone or dolomite can also be injected with 
the coal to accomplish the same chemical reaction.) 
The fluidized bed process eliminates the need for flue 
gas desulfurization equipment that is normally required 
to meet environmental guidelines. Details of the 
process were explained in the March 1985 Pace Synthe-
tic Fuels Report beginning on page 2-36. 
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CORPORATIONS 

CHEVRON TO SELL GULF'S INTEREST IN 
C-a TRACT 

As part of the Chevron-Gulf merger Chevron acquired a 
50 percent interest in the Rio Blanco Oil Shale Com-
pany and underlying federal lease on tract C-a in 
Colorado. Chevron has announced its intention to 
dispose of that interest. 

In 1974, Gulf and Amoco acquired, for a bonus of 
$210 million, the lease to tract C-a, located in Rio 
Blanco County, Colorado. The tract contains 
5,089.7 acres. The initial 20 year term has been ex-
tended, and now runs to 2004, by which year production 
must be established. The tract is estimated to contain 
over 5 billion barrels of oil at over 20 gallons of oil per 
ton. 

Since the Rio Blanco Oil Shale partnership was formed, 
resource evaluation was completed, major engineering 
studies were conducted, research on retort technology 
was done, and environmental studies are underway. A 
modified in situ retort test was conducted between 
1977 and 1982 at a cost of over $100 million. Rio 
Blanco has also applied for offsite lands for spent shale 
disposal from an open pit operation. The application is 
expected to be acted on within the next year. 

Chevron states that no plans are current for the devel-
opment of Rio Blanco. Budgets for holding the lease 
are estimated to be minimal, until minimum royalties 
begin in 1987. 

SANDIA PROPOSES OIL SHALE ROCK 
FRAGMENTATION RESEARCH PROGRAM 

Sandia National Laboratories is engaged in a program to 
develop a design capability for the in situ recovery of 
oil from shale. Bed preparation for modified in situ 
(MIS) retorting processes requires mining of an initial 
void volume and breaking (normally by explosives) the 
impermeable rock into suitably sized fragments with 
suitable void space for retorting. Analyses of field 
retorting experiments and controlled laboratory exper-
iments have shown that the overall yield of in situ 
retorts is governed largely by the sweep and retorting 
efficiencies; these individual efficiencies are directly 
related to the uniformity of the fragment sizes and void 
space of the rubbled shale normal to the direction of 
flow. Efficient in situ shale oil processing, therefore, 
requires the creation of a rubble bed with fragment 
sizes and void distribution conducive to uniform fluid 
flow. 

A joint DOE, Los Alamos National Laboratory (LANL), 
Sandia National Laboratories Rock Fragmentation Re-
search Program was initiated in 1982. The program 
goal was to develop the ability to prescribe blast 
designs that provide for efficient in situ retorting

through a synthesis of numerical modeling, laboratory 
tests, and well-Instrumented field experiments. Em-
phasis was placed on the development of numerical 
models that, based on site characteristics (e.g., shale 
properties, joint structure, etc.), would predict rubble 
bed characteristics for a given blast design. These 
rubble bed characteristics could, in turn, be evaluated 
by retort models for predictions of oil yield, thus 
providing an iterative process for evaluating proposed 
designs. 

Sandia's initial experiments in this program were car-
ried out at the Anvil Points Mine. 

In a 1984 program reorganization, Sandia was desig-
nated lead laboratory for the rock fragmentation seg-
ment of the DOE Oil Shale Research Program. This 
includes responsibility for the design and execution of 
all field experiments and for the overall coordination of 
all laboratory and modeling activities within the pro-
gram. A revised "Rock Fragmentation Research Plan" 
addressing the overall program goals and the metho-
dology of reaching interim and final objectives was 
formulated. 

A Sandia report (0177) issued in April, 1985 provides 
plans for the continuation of field experiments under 
the revised Rock Fragmentation Research Plan. 

Background 

Sandia and Los Alamos National Laboratories have 
participated in DOE oil shale research and development 
programs for a decade. Field experimental work by 
Sandia during the period from 1974 through 1982 in-
cluded the instrumentation and execution of true in situ 
(T1S) bed preparation experiments and the instru-
mentation of a TIS retorting experiment at the DOE 
field laboratory near Rock Springs, Wyoming; intru-
mentation of near surface true in situ (NSTIS) frac-
turing experiments at Geokinetics' Kamp Kerogen site; 
execution of a small NSTiS retorting experiment at the 
Geokinetics site; instrumentation of vertical modified 
in situ (YMIS) small scale retort fragmentation tests at 
the Anvil Points Mine; and instrumentation and tech-
nical assessment of commercial scale VMIS retorts at 
the Occidental Oil Shale Logan Wash site. 

Field experiments conducted by LANL at the Colony 
Mine in 1978 and 1979 provided information on crater 
profiles, fragment size distributions, and effects of 
site-specific geology on the rubbling of oil shale. As 
members of a Joint DOE, LANL, SNLA Rock Fragmen-
tation Working Group formed in 1981, LANL and Sandia 
participated in the SAl Consortium rock fragmentation 
tests at the Anvil Points Mine. Sandia instrumented 
two of the three small scale VMIS retort fracturing 
tests conducted in this program in 1982. Quantitative 
measurements of explosive detonation times and deton-
ation velocities, detonation-induced stress waves, and 
rigid body rock motion in a multi-blastwell, decked-
charge configuration were obtained. These data were 
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used in the initial development of numerical methods to 
model the rock motion in MIS blasting. 

In the1984 program reorganization, Sandia was as- 
signed the responsibility for the design and execution of 
all rock fragmentation field experiments. However, the 
Anvil Points Mine was closed in April, 1984. Contin-
uation of the field experiments will necessarily be at a 
different site. 

Rock Fragmentation Research 
Program 

The objective of the Rock Fragmentation Research 
Program is to develop numerical models that will 
provide realistic predictions of rubble bed charac-
teristics in MIS retorts. Explosive fragmentation con-
sists of three interrelated events (Figure 1), the explo-
sive detonation, the fracturing of the rock by the 
detonation-induced stress waves, and the dislocation 
(translation and rotation) of the rock to distribute the 
rock fragments and void within the chamber. 

FIGURE 1 

HREE INTERRELATED EVENTS OF 
EXPLOSIVE RUBBLING OF ROCK 

THREE INTERRELATED EVENTS 

ExpLosivE DETONATION 

(0. 0.5 mac)
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'ROCK FRACTURING 

(0-5 msec) 
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Accurate numerical modeling of the explosive deton-
ation and the response of the oil shale to the deton-
ation-induced stress waves requires use of the actual 
explosive performance in the calculations. Numerical 
modeling of the response of the rock to the explosive 
detonation must be done in two steps. The response to 
the detonation-induced stress waves may be modeled 
using continuum mechanics. After the rock has been 
fractured and rock motion begins, it can no longer be 
treated as a continuum. Rather, the dislocation must 
be modeled as the motion of groups of discrete frag-
ments. The models being developed are a finite ele-
ment hydrodynamic code, DYNA2D, to model the early 
time response, and discrete element codes, BLOCKS, 
and CAROM, to model the later time rock dislocation. 
Results from the hydrocode calculations (e.g., initial

velocity changes, fragment sizes, damage extent, etc.), 
together with the explosive gas pressure, will be used as 
Input parameters for the rock motion codes. 
The explosive fracturing experiments being conducted 
in the Rock Fragmentation Research Program are spe-
cifically designed to obtain quantitative measurements 
needed for the development of these numerical models. 

Specific objectives of the field experiments are to: 

• Obtain quantitative measurements of the de-
tonation-induced shock waves during the rock 
fracturing time regime (0-3 millisecond) for 
correlation with hydrocode calculations. 

• Acquire quantitative rigid body rock motion 
data for use in the development of rock motion 
models. 

• Determine the extent, fragment size distri-
bution, and void fraction distribution of the 
blast-created rubble. 

• Determine the extent of rock fractured, but not 
dislocated, beneath the craters. 

Results of Recent Tests 

The initial tests in the rock fragmentation field exper- 
imental program began in 1983 in the Anvil Points 
Mine. LANL conducted four uninstrumented single 
blastwell cratering tests, three stemmed and one un-
stemmed, to evalute different stemming materials. 
Sandia conducted two heavily instrumented single blast-
well tests, to acquire measurements for use in the 
development of rock fragmentation models. 

The INAL tests were conducted in an existing mine 
adlt Wit 3) in lean (5-10 gallons per ton) shale; the 
Sandia tests were conducted in newly mined rooms on 
an upper level in moderate (20-30 gallons per ton) shale. 
The crater depths of the instrumented stemmed and 
unstemmed tests were nearly identical; crater and 
rubble volumes differed less than 10 percent. Fragment 
size distributions were also essentially idential. In tests 
with identical geometry, the crater depth, crater 
volume, and volume of rubbled shale in lean shale were 
about 180 percent of those in moderate shale. 
Fragment sizes in the lean shale were significantly 
smaller than from the tests in the moderate grade 
shale. 

Cores were extracted outside and beneath the exca-
vated craters to determine the extent of rock frac-
tured, but not dislocated. The cores showed that 
extensive fracturing occurred outside the excavated 
craters. The leaner layers had more fractures and 
smaller fragments than the richer layers. 

The test results were compared to calculations made 
with the finite element hydrocode DYNA21) and asso-
ciated Taylor-Chen DAMAGE model. The calculations 
using a layered material model agreed extremely well 
with the test results. Calculations made using average 
properties did not agree with the test results.

-

- 
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Future Experiments 

The present plan is to conduct the future experiments 
at the Exxon Company, USA Colony Mine. Selection of 
an experiment site within the mine will include mapping 
of geological features and acquisition of material 
properties through analyses of cores obtained during 
blastwell drilling. 

The planned test sequence is as follows. 

A. Single Blastwell Cratering Test 

The first experiment in the Colony Mine will be a single 
blastwell cratering test. The experimental results will 
be compared to pre-test calculations for validation of 
the DYNA21) hydrocode and associated Taylor-Chen 
DAMAGE model which were based on the previous tests 
at Anvil Points.	 - 

B. Multi-Blastwell Spacing Tests 

Three multi-blastwell spacing tests, in a single deck 
charge configuration, will be conducted to study the 
effect of varying the spacing between blastwells while 
keeping other parameters constant. The test results, 
together with numerical calculations, should provide 
the information needed for selection of the optimum 
blastwell spacing, powder factors, etc., for single deck 
blasts.

C. Multi-Blastwell TimingTests 

Three multi-blastwell timing tests, in a single deck 
charge configuration, will be conducted to study the 
effects of delayed timing between blastwells in single 
deck configurations. Spacing between blastwells for 
these tests will be selected following the assessment of 
the multi-blastwell spacing tests. 

D. Multi-Blaztwefl Single Deck Tests 

The purpose of these tests is to examine blasting 
effects in more complex geometries. Geometries will 
include five to seven blastwells, simulating a typical 
section of the top deck of a multi-deck mini-retort 
blast.

E. Multi-Blastweu Multi-Deck Tests 

Two or three multi-blastwell multi-deck (mini-retort) 
tests will be conducted to assess the effect of inter-
deck timing delays on the resultant rubble bed. The 
rubble beds created during these tests may also be used 
for flow, tracer, or steamflood tests to evaluate gas 
flow uniformity and thus expected sweep efficiency. 
These tests should complete the field experiments 
needed for numerical model development.

F. Auzillry Tests 

Auxiliary tests may be required during the test program 
to assess explosive engineering problems. For example, 
the problem of deadpresslng must be addressed prior to 
the use of decked charges with delays between decks in 
multi-decked mine-retort blasts. This would include an 
assessment of alternate stemming materials and stem-
ming methods, evaluation of the ability of various 
explosives to withstand some compaction without 
crushing the microballooris, etc. The effect of the use 
of alternate explosives with different explosive energy 
will be evaluated. Hydrocode calculations have indi-
cated that the use of explosives with different energy 
in different shale grades may be desirable. Tests with 
"tailored" explosive loading to fracture the layered 
shale may be appropriate. 

I'll 
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GOVERNMENT 

SEEP RIDGE COULD RECEIVE UP TO 
$184 MILLION IN SEC ASSISTANCE 

On August 21, 1985 the Board of Directors of the 
United States Synthetic Fuels Corporation (SFC) 
directed their staff to complete negotiations and con-
tract documents by September 13, 1985 for up to 
$184.34 million in financial assistance to the Seep 
Ridge oil shale project. Details of the proposed assist-
ance package are summarized in Table 1. The SEC 
proposes to provide a guaranteed price for 10 years of 
$55.00 per barrel of crude shale oil, to be escalated 
using the Producer Price Index, and a guaranteed loan 
of $63 million for construction of the Seep Ridge pro-
duction facility. As the loan is repaid, the price 
guarantee will increase to a maximum of $184.34 mil-
lion.

TABLE 1 

PROPOSED TERMS AND CONDITIONS OF 
LETTER OF INTENT TO THE

SEEP RIDGE PROJECT 

SFC Assistance; Maximum of $184.34 million in 
loan and price guarantees 

Amount of Loan $63.02 Million 
Guarantee: 

Amount of Initial initial price guarantee of $84.81 
Price Guarantee: million to increase as the loan is 

repaid	 up	 to	 a	 maximum	 of 
$184.34 million 

Guarantee Price: $55 per barrel for crude shale oil 
escalated	 using	 the	 Producer 
Price Index 

Duration of Price 10 years 
Guarantee:

Taxpayer Recovery: For a period of 15 years after 
the Cutoff Date, the project 
shall make payments either as a 
pro rats prepayment of guar-
anteed debt and of the bank loan 
or, after such debt is paid, as 
profit sharing in an amount equal 
to 75 percent of Cumulative 
After-Tax Cash Flow. 

*The earlier of the last day of a 30-day period during 
which at least 20,000 barrels of product are produced 
or December 31, 1988. 

This newly proposed assistance plan is considerably 
more than the $45 million that was specified in the

original SEC letter of intent that was awarded to Seep 
Ridge on December 1, 1983. (Details of the first letter 
of intent were exolained in an article beginning on 
page 2-5 of the December 1983 Pace Synthetic Fuels 
Report.) 

The Seep Ridge Project, located in eastern Utah, is 
designed to produce 1,100 barrels per day of oil utiliz-
ing the LOFRECO true in situ extraction technique 
developed by Geokinetics. The project design is based 
on the simultaneous operation of seven 2 acre in situ 
retorts. The off gases from the retorts will be cleaned 
in a gas processing plant and will be burned in a 
10 megawatt power generator to provide all power 
required for the project. initial production is scheduled 
for the first quarter 1987. 

The Seep Ridge project is a joint venture of Geokinetics 
Inc. and the Gilbert Shale Oil Company, a subsidiary of 
Peter Kiewit Sons', Inc. 

SEC PROPOSES TO AWARD $500 MILLION TO 
UNION GIVE PARACHUTE CREEK PROJECT 

At their meeting on August 21, 1985 the Board of 
Directors of the United States Synthetic Fuels Corpora-
tion (SFC) directed the staff to complete negotiations 
with the Union Oil Company regarding financial assist-
ance to the Parachute Creek Project. The negotiations 
and contract documentation are to be completed by 
September 13, 1985. 

The proposed terms of the assistance would amend the 
existing $400 million price guarantee that was awarded 
to Phase I of the Parachute Creek project. Rather than 
awarding up to $2.7 billion in price guarantees to 
Phase II of the project (as originally specified in a 
letter of intent that was signed by the SEC on Decem-
ber 1, 1983), the SEC is now negotiating to provide 
additional financial assistance of up to $500 million to 
Union Oil. 

The additional assistance would be used to Incorporate 
the Unishale C technology into the Phase I project The 
Unishale C process essentially combines the Union up-
flow "rock pump" retort with a fluidized bed combus-
tion section, thus utilizing the residual carbon that is 
left on the spent shale from the retorting process. As 
explained on page 2-2 of the March 1983 issue of the 
Pace Synthetic Fuels Report, Union Oil originally plan- 
ned to build four 20,000 barrels per day increments as 
part of their Phase II project. (Also refer to page 2-5 
of the December 1983 issue for an explanation of the 
SEC letter of intent, and to page 2-24 of the June 1984 
issue for a description of the Unishale C process.) 

The proposed agreement, therefore, will combine the 
two phases of the Parachute Creek project into one 
project. The production of this one project using the 
new Unishale C technology will likely be approximately 
10,000 barrels per day rather than the total of 
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30,000 barrels per day that was originally envisioned for 
the two separate phases. However, the total SFC 
assistance will be reduced from $3,100 million 
($2,700 million plus $400 million) to $900 million. 

GOVERNMENT TO GRANT SHALE ASPHALT 
LICENSE TO wiu 

By notice in the Federal Register May 14, 1985 the 
United States government intends to grant the Univer-
sity of Wyoming Research Corporation (Western Re-
search institute) an exclusive license to practice in the 
United States the invention described in United States 
Patent No. 4,325,738, entitled "Tertiary Nitrogen 
Heterocyclic Material to Reduce Moisture-Induced 
Damage in Asphalt-Aggregate Mixture." The patent is 
owned by the United States Department of Energy. 

The proposed license will be exclusive, subject to a 
license and other rights retained by the United States 
government. This invention relates to an improved 
bituminous binder composition useful with mineral ag-
gregates to form roads and pavements, to serve as 
roofing materials, as pond lining materials, and other 
uses where contact with moisture occurs. More parti-
cularly, the invention relates to a mixture of such a 
composition with mineral aggregates having improved 
resistance to damage from moisture and freeze-thaw 
cycling. 

Water or moisture often promotes deterioration of 
asphaltic pavements by weakening the adhesive bond at 
the asphalt-aggregate interface. This deterioration is 
intensified by freeze-thaw cycling. Moisture damaged 
roads have low tensile strength and are easily cracked 
by the action of traffic. Such damage tends to develop 
at the mineral aggregate-bituminous binder boundary, 
due to lack of adequate bonding or adhesion between 
the mineral aggregate and the bituminous material. 

The patent states that it has been discovered that 
highly improved resistance to moisture induced damage 
results when a bituminous binder composition includes a 
minor amount of a particular inhibiting agent. The 
inhibiting agent is a moiety having the pyridine ring 
structure, i.e., a moiety which includes a six member 
ring having five carbon atoms and a nitrogen atom in 
the ring, which ring is aromatic. Pyridine itself is one 
such useful moisture damage inhibiting agent. Various 
pyridine derivatives, including fused ring structures at-
tached to the pyridine, are likewise useful agents. 

It has been found that shale oil is particularly high in 
pyridine moiety containing compounds which will ade-
quately serve as moisture damage inhibiting agents. 

Table 1 shows the effect of gradually replacing petro-
leum asphalt with shale oil concentrate vis-a-vis resist-
ance to moisture induced damage. The shale oil con-
centrate clearly improved the resistance to moisture 
induced damage of the overall asphalt-aggregate mix-
tures.

TABLE I 

EFFECT OF SHALE OIL ON
FREEZE-THAW DAMAGE TO ASPHALT 

Freeze-Thaw 
Petroleum	 Shale Oil	 Cycles 

Asphalt	 Concentrate	 uartzite	 to Failure 
(Wt. %)	 (Wt. %)

1%, 1. %) 

	

5.00	 0.00	 95 

	

4,95	 0.05	 95 

	

4.75	 0.25	 95 

	

4.50	 0.50	 95 

After the invention had been completed, a shale oil 
derived asphalt/aggregate back road was discovered on 
government property in Anvil Points, Colorado at the 
oil shale retort facility. The road was found to be still 
in serviceable condition twenty-seven years after it had 
been constructed. A sample of the pavement was taken 
and examined for visual evidence of moisture induced 
damage of the binder, but no such evidence was found 
although the pavement core came from an area where a 
natural bog occurred and wherein natural freeze-thaw 
conditions were prevalent. 
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ENERGY POLICY AND FORECASTS 

POSKA OUTLINES NEEDS FOR THE SHALE 
INDUSTRY IN THE UNITED STATES 

Or. P. L. Poska, Director of Development & Technology 
for Sohio, in speaking to an energy conference last 
spring, gave a long-term perspective on the needs of 
the United States oil shale industry. He states that 
although the present bleak outlook for United States 
shale commercialization may appear to be the simple 
result of lower crude oil price expectations, the current 
situation masks some fundamental considerations of 
major relevance to a future shale industry. 

Poska observes that the rush to commercialization 
during the late t970s and early 1980s in almost all 
instances was based on recovery and processng techno-
logies that were conceptualized at least thirty years 
ago, largely unimproved in the interim, barely viable 
then and no more so today. These multi-billion dollar 
projects were based on questionable, unproven techno-
logy, and even a continued rise in oil prices would not 
have masked the financial losses. 

When discussing the economics of producing shale oil, 
one often hears that, "it always costs a few more 
dollars than oil—when oil prices rise then shale oil is 
still more expensive." According to Poska, this is true, 
not because we do not understand the technologies, but 
because we have done essentially nothing to improve 
them. Sohio recently analyzed their twenty-one year 
old experience with the Colony operation, using the 
original bases and configuration. In the late 1960s, 
shale oil production costs totalled approximately $3 per 
barrel. Adjustments to that figure were made only for 
capital cost and imported energy cost escalation, and 
known changes in socioeconomic, environmental, mat-
erials handling, and product quality requirements. The 
production cost today turned out to be on the order of 
$30 per barrel. 

In spite of ancillary improvements and modifications, it 
appears that the retorting and upgrading schemes in 
many of the recently proposed projects remain largely 
based on equipment and practices established many 
years ago. 

Today we have entered into the downturn of the energy 
cycle. Ultimately, fossil energy values, and certainly 
the value of discovered, drilled, and delivered crude oil, 
will rise again. This may begin in ten years, possibly 
later. At that time, we can dust off our 1980 
configurations, and with the typical six to seven year 
lead time, establish once more that our old shale oil 
plans are still not good enough. 

As a way out of this circular state of affairs, Poska 
suggests that it would be much more beneficial to use 
the current hiatus to address some of the fundamental 
considerations. 

He notes that the shale plant must be as independent as 
possible of imported energy needs. Until the shale 
industry is free from the sociological and political

unpredictabilities that affect the "cost" of other energy 
forms; the "cost" of shale oil will continue to be 
illusory. 

Furthermore, greater thought needs to be given to the 
aim of arriving at the most uncomplicated handling and 
retorting equipment. Capital intensity must be 
reduced. There are no indications in the published 
literature that the tradeoffs between reduced invest-
ment versus increased operating labor and/or reliability 
have been examined to any degree. 

The solids handling aspect, which runs from mining 
problems to retorted shale disposal, has changed little 
from the concepts utilized thirty years ago. Only very 
recently have newer and more tonnage-efficient mining 
machines been considered, and these remain largely 
untested. 

Also, it has become evident that those proposing shale 
oil projects have begun to recognize that bigger is not 
necessarily always better. Although there are econo-
mic minima for some segments of a shale installation, 
careful selection of the shale resource site (accessibi-
lity) and mining stratum (grade) can indicate opportuni-
ties for significantly smaller operations which can 
have good production economics with less initial invest-
ment risk. 

Finally, he points out that the outlook for the shale 
industry will remain boom and bust as long as there Is 
no commitment of support—support in terms of conti-
nuing industry and government research and develop-
ment. There are many technical problems remaining In 
shale recovery and processing, and they are of crucial 
importance to performance, operability, and product 
quality. Traditionally, the industry recognizes these 
only in the later stages of the boom cycle, at which 
point the time required to develop innovative solutions 
is far too short to get them Into the commercial 
schedule. Support of development effort at a commer-
cial scale is extremely expensive, and would seem to be 
one of the few legitimate areas for more focused and 
productive use of federal funding. 

We must do the utmost to influence government policy 
to prevent the continued roller coaster effect that we 
have had for the past decade. "Oil from shale is still 
the major untapped resource in the United States and 
we must continue to work to prepare this industry for 
its eventual major role in our energy future." Poska 
will be the keynote speaker at the forthcoming Eastern 
Oil Shale Conference, in Lexington, Kentucky on Nov-
ember 27, 1985.

#111 
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ECONOMICS 

CSR ACHIEVES COST SAVINGS FOR RETORTING 
JULIA CREEK OIL SHALE 

Following an extensive economic feasibility study of Its 
Julia Creek shale oil project based on the Tosco II 
Process in 1979/1980, CSR Limited embarked on a 
series of technical investigations. One of the results of 
these studies promises a cost breakthrough in retorting, 
according to J. Mendelson of Larbert Pty Ltd., 0. Sitnai 
of CSIRO, and D. B. Tolmie of CSR. 

The breakthrough is the new CSIRO/CSR oil shale 
retorting process, revealed some time ago. 

CSR's strategy now is to have all outstanding technical 
problems solved for the project In time for the next 
major cycle of oil price increases. 

The CSIRO/CSR oil shale retorting process arose from 
attempts to utilize the spent shale carbon residue as 
fuel. The work was carried out at CSR's continuous 
pilot oil shale retort in Sydney and SlR0's fluidized 
bed combustion facility in Melbourne. 

CSIRO staff demonstrated early that the spent shale 
would burn readily In stable continuous trials at tem-
peratures up to 900°C. They also observed that Julia 
Creek spent shale had several characteristics different 
from others with which they had experimented. The 
shale was more reactive, and It was harder and did not 
decrepitate appreciably during either retorting or com-
bustion. 

These differences and the unusual chemical nature of 
the shale suggested to CSIRO that a unique retorting 
process might be developed. Table I Illustrates some 
important differences between cretaceous Julia Creek 
(Toolebuc) shale and a typical tertiary shale. 

TABLE 1

SHALE COMPARISON
ASTM Fischer Julia 

Assay Units Creek Tertiary 

Oil Yield Litres/Dry Tonne 70 70 
Oil Density SC 0.96 0.90 
Water Yield Litres/Dry Tonne 24 16 
Gas and Loss kg/Tonne 30 10 
Residue kg/Tonne 879 911 
Residue Carbon Weight % 9 3 

Minerals Estimated Weight % 

Pyrite 3 7 
Gypsum 2 2 
Calcite 51-60 31 
Silica 29-38 - 
Magnesium Carbonate 1 12 
Clay 5 48

The CSIRO/CSR process uses a solids heat carrier and 
is externally fired so that the product is not contamin-
ated with flue gas. This is an Important feature 
because the Julia Creek project will depend on undi-
luted retort gas as a source of hydrogen for oil refining. 

The CSIRO/CSR process also uses the sensible heat in 
shale ash particles to retort raw shale. Spent shale is 
burned in a fluidized bed combustor at about 850°C and 
a part of it Is mixed with cold raw shale in an inclined 
rotating kiln. 

Sensible heat in the flue gas and in the discharged shale 
ash is recovered for power generation. 

The process (Figure 1) is similar to both the Tosco and 
Lurgi-Ruhrgas processes In that all three use external 
combustion for retort heating, they use a solids heat 
carrier, and do not contaminate the retort products 
with combustion products. But there are several impor-
tant differences. 

FIGURE 1 
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Because the CSIRO/OSR combustor would operate at a 
much higher temperature than the Lurgi combustor, the 
ratio of shale ash recirculation to raw shale input would 
be, at most, about one-quarter of the Lurgi. Similarly, 
the ratio would be about one-half of the Tosco 
ball/shale ratio—on an equivalent thermal basis. That 
reduction in recirculation rate would benefit the physi-
cal size of the equipment and its capital and operating 
costs.	 - 

There are other advantages of a chemical nature. The 
calcite decomposes endothermically into lime in the 
combustor but part of the lime combines with the silica 
exothermically. The second reaction partly offsets the 
first and, by stabilizing the silica, eliminates a poten-
tial environmental problem. The calcium silicates have 
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cementing properties which will help stabilize the dis-
posed solids. 

The free lime from the combustor is useful in the retort 
because it combines with sulfur, carbon dioxide, and 
water vapor from the raw shale. These reactions are 
exothermic and improve both the thermal efficiency of 
the process and the quality of the product gas. Lime is 
also beneficial in the combustor for chemisorption of 
sulfur oxides from the flue gas. 

Without the presence of free lime during retorting, the 
retort gas would contain substantial amounts of hydro-
gen sulfide, carbon dioxide, and carbon monoxide. The 
first two gases would need to be scrubbed from the gas 
stream before hydrogen could be made from it. 

The high heat carrier temperature and the exothermic 
reactions of the lime in the retort enable cold, rather 
than preheated, raw shale to be fed to the process. By 
contrast, the Tosco process has a triple lift-pipe system 
for preheating raw shale with flue gas which accounts 
for a large part of process power consumption. 

Potential gas clean-up and hydrogen production cost 
reductions have been mentioned. The ability of the 
process to generate project power would obviate the 
need to purchase electricity. 

The configuration of the new retort itself is expected 
to result in a low capital cost. The main unit opera-
tions—fluid bed combustion, rotating kiln mixing, pneu-
matic conveying and so on—use conventional techno-
logy. They are well understood and easily costed. 

The main benefit is expected to be the simplicity of the 
process; heat generation for retorting and efficient 
heat recovery for power generation are combined. A 
full scale plant module would consist of a large fluid 
bed combustor connected to a bank of retorts. 

Although no detailed engineering appraisal of the 
CSIRO/CSR process has been undertaken, an order of 
magnitude cost estimate indicated a potential capital 
cost saving of about 24 percent of the retort cost, 
equivalent to about 7 percent of total project cost. 

The combined potential capital cost savings from retort 
simplification, smaller mine, simpler gas treatment, 
etc., were estimated at about 12 percent of the original 
total project costs, or about $700 million.
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TECHNOLOGY 

GULF TESTS ION EXCHANGE PROCESS FOR 
DENITROGENATION OF SHALE OIL 

Gulf Research and Development Company has tested a 
novel process to denitrogenate shale oil and its distil-
late fractions by mild catalytic hydrogenation followed 
by ion-exchange. 

Raw shale oil was obtained from Occidental Oil Shale, 
Inc. from retort No. 6 fuel oil. After hydrodenitrogena-
tion with a nickel molybdenum catalyst, at several 
levels of severity, the raw and product oils were 
distilled into the following cuts:

Range 
rv) 

	

Naphtha	 0310 

	

Jet Fuel	 310-520 
Heavy Furnace Oil	 520-650 

	

Gas Oil 	 650-960 

	

Residue	 960+ 

Emphasis was on the ion-exchange treatment of jet and 
diesel fuels from the HDN runs. Only a limited amount 
of research (equilibrium) was done with the heavier 
fractions because of unfavorable test results. 

Initial experiments were performed using total (full 
distillation range) product samples from three runs 
containing total nitrogen levels of 0.05, 0.18, and 
0.30 weight percent. The shale oil samples were mixed 
with various levels of Amberlyst-15 resin. The results 
are displayed in Figure 1. in summary, the resin has a 
high affinity for the nitrogen-containing compounds. 

FIGURE 1 
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The equilibrium experiments were extended to include a 
series made with the Jet and diesel fuel cuts. At very 
low resin loadings the resin appeared to become satur-
ated. The results are given in Table 1. 

TABLE 1 

ION-EXCHANGE EQUILIBRIUM EXPERIMENTS 
WITH HDN-TREATED OILS 

Resin	 Nitrogen 
Peed Oil	 Loading	 Content 

(g resin/g oil)	 227 

Jet (0.27% N) 0.07 85 
0.14 65 
0.20 24 
0.27 13 

jet (O.l7%N) 0.07 65 
0.14 15 
0.20 5.2 
0.27 2.7 

Jet (0.09% N) 0.07 6.1 
0.13 2.6 
0.20 1.6 
0.27 1.3

Much higher nitrogen contents were observed in the 
diesel fractions than in the jet fuel fractions. As an 
example, when raw jet fuel and diesel contained about 
0.28 percent nitrogen, when both were mixed with 
0.2 gram resin per gram oil, the nitrogen contents of 
the resulting jet and diesel fuels were 24 and 556 ppm, 
respectively. The effectiveness of the ion-exchange 
resin is strongly dependent upon the molecular size of 
the absorbing species. 

Orientation economics were developed to compare 
hydrotreating alone with hydrotreating followed by 
treatment with A-is ion-exchange resin to achieve a 
jet fuel with a low nitrogen level. In the base case, 
54,900 barrels per calendar day of shale oil is mildly 
hydrotreated, and the middle distillate and jet fuel are 
further hydrotreated to decrease the nitrogen content 
to 20 ppm. Cases 1 through 3 are like the base case 
except that the whole shale oil is hydrotreated at three 
levels of increasing severity and the hydrotreated Jet 
fuel is subsequently passed through an A-iS ion-
exchange column to reduce its nitrogen level to 20 ppm 
instead of by hydrotreating. 

Going from Case I to Case 3, the investment and 
operating expense of shale oil hydrotreating and hydro-
gen manufacturing increase but the investments asso-
ciated with the ion-exchange of Jet fuel decrease much 
faster, particularly the cost of resin and columns to 
hold the resin. Therefore, incremental capital invest-
ment decreases from $48 million to $26 million going 
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from Case 1 to Case 3, and incremental manufacturing 
expenses decrease from $45 million per year to 
$10 million per year going from Case I to Case 3. At 
the same time product return is increasing. The 
resultant incremental cost is given in Table 2 and 
Figure 2.

TABLE 2 

ORIENTATION ECONOMICS FOR THE DENITROGENATION OF SHALE Oil. 

Alternative Case Number 	 I	 2	 3 
IlydrotreatedJet Fuel Nitrogen 	 0.27	 0.17	 0.09

Content, Weight %

Thousand Dollars Per Year 

ia,ntma.t 
Alternative Minus Base Case 
Process Units	 12,599	 13,211	 7,663 
Catalyst and Resin 	 12,885	 12,207	 9,340 
Tankage	 740	 587	 (384) 
utilities	 1,468	 1,387	 1,307 
Miscellaneous Offal to	 4,885	 1,004	 2,833 
Contingency, 20%	 6,515	 8,478	 4,152 
Sub-Total incremental Plant	 38,090	 38,852	 24,911

Investment 
Working Capital	 8,552	 _5,305	 11849 

Total Incremental C.9It.1	 47,642	 44,157	 28,560
Requirement 

Increase in Revenue from Products 
Alternative Minus Base Ca. 
Gasoline	 -	 1,055	 1,530 
Jet Fuel
	

(3,446)	 11,092	 18,520 
No. 2 Fuel ou
	

(385)	 (156) 
FCC Charge	 -	 (14,903)	 (33,562) 
Fuel Gas	 (450)	 3,500	 14,095 
Sulfur	 -	 -	 117 
Ammonia	 (251)	 459	 981 

Total leiaustsl R.twn	 (4,147)	 835	 2,505
from Prothacta 

Increase in Manufacturing Expense 
Altnative Minus Base Case 
Investment-Based items 	 1,478	 1,441	 882
Labor-aased Items 
Fuel
	

(3,930)	 (955)
	

1,33; 
Power	 (391)	 (198)

	
(109) 

Water	 141	 85	 37 
Chemicals	 2,354	 1,339	 561 
Catalysts and Resin 	 16,866	 26,190	 8,005 

Total Incremental Manufacturing	 44,509	 28,202	 10,710
-a 

Cost of Incremental Capital, 18.86% 	 8,985	 8,328	 5,009
of Total Capital 

Incremental Profit (Product Return 	 (57,641)	 (35,695)
	

(13,214)
Minus Manufacturing Expense 
Minus Capital Charge) 

Coat (Manufacturing Expense Plus	 5.41	 3.24
	 1.19

Capital Charge Minus Product 
Return), $Iflarrel Jet Fuel Plus 
No. 2 Fuel Oil 

Figure 2 shows that going from Case Ito Case 3 results 
in a decrease in denitrogenation cost of about $4 per 
barrel of jet fuel plus No. 2 fuel oil. All three eases are 
less profitable than the base ease but Figure 2 suggests 
that at a point where the nitrogen from shale oil 
hydrotreating is 0.05 weight percent, ion-exchange 
would break even with hydrotreated jet fuel.

FIGURE 2 
EFFECT OF SHALE OIL HYDROTREATING 
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Cost calculations were also made for two cases using a 
higher capacity resin XE-397, instead of the A-iS. 
Using this resin, a nitrogen content of about 
0.09 weight percent In the jet fuel appears to be an 
economic breakeven point between ion-exchange and 
further hydrotreating for denitrogenation. Thus, while 
ion-exchange treatment alone (without HDN) will not 
be adequate for treating shale oil-derived jet fuels, it is 
possible that an overall combination HDN-resin process 
concept can be successfully developed. 

OLEFINS PRODUCTION FROM SHALE OIL IMPROVED 
BY BLENDING WITH PETROLEUM 

Work carried out at the M. W. Kellogg Company and 
reported to the American Chemical Society meeting in 
Miami Beach in May shows a considerable benefit in 
blending petroleum light gas oil (LOOP) with shale oil. 

Partial denitrogenation of the shale oil and a pro-
nounced decrease in the rate of coke deposition on the 
reactor walls was observed when the mixtures were 
steam pyrolyzed. 

Steam pyrolysis of hydrocarbons in tubular reactors is 
the key process for production of gaseous olefins that 
serve as major raw materials for the petrochemical 
industry. Several investigations of shale oil as teed for 
olefins production have been carried out. An earlier 
M. W. Kellogg study concluded that shale oil distillates 
produce ethylene, propylene, and benzene yields similar 
to those from petroleum, but that coking rates were 
unacceptably high for all except the lightest fraction. 
Mild hydrotreating improved the tube wall fouling rate 
of the shale oil naphtha and light gas oil (LOOS) 
fractions to that typical of LOOP; that for the heavy 
gas oil (HOOS) was improved but still unacceptable. 
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Since dedicated refineries and petrochemical plants 
cannot be justified to utilize shale oil in the near 
future, it will be necessary either to upgrade the shale 
oil to its petroleum equivalent or to improve its pro-
cessability by blending it with conventional petroleum. 

The literature on steam pyrolysis of shale oil distillates 
is limited but adequate to indicate its potential as 
feedstock, particularly after some pre-refining. How-
ever, no literature previously existed in the co-cracking 
of shale and petroleum distillates. Co-cracking of 
petroleum derived feedstocks had already been shown 
to provide yields which are the linear combination of 
yields of the individual components. However, the 
coking rate of a suitably blended feedstock has been 
seen to exhibit the rate of the less coking feed compo-
nent. 

The Kellogg study used LOOS and HGOS prepared by 
distillation from Paraho shale oil, An Arabian light gas 
oil was used to provide blends containing 20, 40, 60, and 
80 weight percent LOOP.

TADLE 2 

STEAM PYROLYSIS OF SHALE HEAVY GAS OIL
AND MIXTURES WITH PETROLEUM LIGHT GAS OIL 

Run Number
10	 II	 12	 13	 14	 IS	 IS 

Peed Composition 

100 100 80 60 40 20 0 
0 0 20 10 60 80 100 

744 899 899 899 899 899 899 
36.5 52.7 59.4 66.6 

10.8 - - 23.2 26.8 28.1 
7.51 - . 9.06 10.2 23.6 

- - - 23.4 19.4 19.9 
- - ' 22.8 12.0 8.77 

- - - 6.04 5.40 3.35 
- - . 4.68 3.60 1.28 
- - 5.5 3.6 7.1 

55.5 46.8 385 20.0 9.97 3.98 2.65

Run terminated due to rector pressure drop buildup from rapid coking 

Weight Percent 1.003 
Weight Percent LOOP 
Temperature, Maximum eC) 
Conversion (I-05') 

YIe1S (Weight %X1355is Output) 

C2 
C3146 
Gasoline (C5-2I8*C) 
Fuel Oil (2180-343'C) 
Fuel Oil (343*-4540C) 
Pyrolysis tar (454OC') 
DTX 

Tite NUt Fouling 

Coking Rate (.g/.in) 

Steam pyrolysis runs were carried out under millisecond 
contact times (less than 0.1 seconds).

prise from 35 to 55 weight percent of the feed depend-
ing on feed properties and pyrolysis conditions. The 
yield of potential motor gasoline appears to change 
little with pyrolysis severity or with composition of the 
blended feedstocks. Light and heavy fuel oil yields are 
greater for the shale oil feedstocks and these vary 
linearly with composition for the blended feedstocks. 

Yields of major products for the blends are approxi-
mately the arithmetic weighted average of the yields 

	

for the individual feedstocks In the blends. Gasoline 	 Nitrogen Distribution 
and fuel oil are major coproducts of olefins production 

	

processes when liquid hydrocarbon feedstocks are used	 While steam cracking (a non-catalytic process) is not 

	

In steam pyrolysis. These so-called co-products corn-	 inhibited by organic nitrogen, the quality and hence the 

TABLE 1 

STEAM PYROLYSIS OF SHALE LIGHT GAS OIL
AND MIXTURES WITH PETROLEUM LIGHT GAS OIL 

Run Number
1	 2	 3	 4	 5	 6	 7	 8	 9 

Peed Composition 

Tables I and 2 summarize the individual run conditions 
and the observed yields and conversions. 

Yields

Weight Percent LOOS 
Weight Percent LOOP 
Temperature, Maximum CC) 
Conversion (1-05+) 
Yields (Weight %)(Basis Output) 

C2H2 
C3H6 
Gasoline (C5-218°C) 
Fuel Oil (218°-3430C) 
Fuel Oil (343°-4540C) 
Pyrolysis Tar (454°C+) 
BTX 
Tube Wall Fouling 

	

100	 100	 100	 80	 60	 40	 0	 100	 60 

	

0	 0	 0	 20	 40	 60	 100	 0	 40 

	

766	 899 899 899 899 899 899 882	 879 
49.8 48.0 46.1 46.4 51.6 53.1 61.6 44.4 46.9 

15.6 20.4 18.1 18.7 21.9 22.7 27.5 16.3 19.0 
11.6 7.56 7.63 7.93 8.79 8.94 10.2 8.90 9.36 
20.6 20.2 21.3 19.3 21.2 21.2 18.7 21.7 21.6 
20.4 19.0 20.0 20.3 17.1 17.3 13.0 21.1 20.6 
6.43 7.49 7.89 8.26 6.27 5.34 4.45 8.48 8.71 
1.57 4.61 4.01 5,08 3.52 2.76 2.05 3.43 1.98 

	

4.3	 4.4	 5.8
	

6.2
	

7.4
	

7.5	 1.0	 -	 5.1 

Coking Rate (mg/min)	 4.53 9.60 14.3 13.8 6.59 5.91 4.51 10.8 6.15 
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value of liquid products are adversely affected. 

Nitrogen in the LOOS feedstock is fairly uniformly 
distributed over the entire boiling range. The liquid 
produced from pyrolysis of neat LOOS contains almost 
all of the organic nitrogen from the feed and this 
nitrogen is also broadly distributed over the boiling 
range of the product. There is a small trend toward 
increasing nitrogen concentration with increasing boil-
ing point. 

A pronounced change in nitrogen distribution was found 
in the liquid product from cracking a blend of LGOS and 
LOOP. In this case, the nitrogen concentration is 
strongly shifted into the heavier portion of the pyroly-
sate and a significant part of the feed nitrogen (about 
27 percent) appears to have been removed. This partial 
denitrogenation by steam pyrolysis would provide a 
clear economic benefit from co-cracking shale 
oil/petroleum blends. Additional benefits may be de-
rived from the reduced nitrogen content of the gasoline 
and light fuel oil products which, although they still 
require upgrading, can be denitrogenated with less 
severe hydrotreating. Thus, according to Kellogg, co-
cracking of shale oil and petroleum feedstocks may 
offer an interesting alternative to severe hydrotreating 
of shale oil. 

Tube Wall Fouling 

The high fouling rate exhibited by heavy shale oil 
fractions is a major hurdle that must be overcome in 
utilization for olef ins production. Partial hydrotreat-
ment of the pyrolysis feed reduces the fouling rate but 
not to an acceptable level. Severe hydrotreatment 
reduces fouling adequately but at considerable expense 
due to high hydrogen consumption and the high pres-
sures required. 

Inhibition of tube wall coking in pyrolysis furnace tubes 
by co-cracking in the presence of a low coking hydro-
carbon has been described. Kellogg has now shown that 
an analogous phenomenon occurs in the co-cracking of 
shale gas oils with petroleum gas oil. Figure 1 Illus-
trates this effect for both the FIGOS/LGOP and 
LGOS/LGOP feed blends. With the addition of about 
40 percent LOOP to Laos, the fouling rate is substan-
tially reduced and closely approaches the rate charact-
eristic of the petroleum gas oil itself. Substantially 
more LOOP must be added to suppress the fouling rate 
of 11005. This is in accord with the intrinsically higher 
coking propensity of the heavier shale feedstock. 

In either case, it is concluded that acceptably low 
coking rates can be expected from blends containing 
significant quantities of shale liquid. This provides an 
interesting alternative to hydrotreating prior to pyroly-
sis.

FIGURE 1 

REACTOR FOULING RATES
SHALE/PETROLEUM GAS OIL BLENDS 
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801110 RESEARCH QUANTIFIES AGING OF 
CRUDE SHALE OIL 

In a paper presented at the American Petroleum Insti-
tute's Mid-Year Refining Meeting held in Kansas City in 
May, a research team from Sohlo outlined the degrada-
tion which occurs during storage of crude shale oil. 

Sohio's shale oil characterization and aging program 
was initiated in 1982 to investigate crude shale oil 
aging phenomena and to determine possible effects on 
the processability of crude shale oil. 

Since crude shale oil has a high heteroatoms content, 
the stability of its refined products has been a concern. 
Numerous studies have been conducted on the stability 
of refned shale oil product. However, very little work 
has been done on the aging stability of crude shale oils. 
Initial results appear to indicate modest changes upon 
aging. These changes, if substantial enough, could 
adversely affect various upgrading techniques required 
in a commercial plant or cause undesired effects during 
pipelining. 

The study was carried out using both directly and 
indirectly retorted oils. 

Accurate metal content determination, specifically iron 
and arsenic, was considered very important since a 
sizeable portion of upgrading costs is devoted to their 
removal. Experimental data were generated to deter-
mine the soluble/non-soluble nature of the metals pre-
sent in crude shale oils. 

The greatest experimental emphasis was placed on 
determining how a variety of storage conditions would 
affect the physical and chemical properties of a freshly 
retorted crude shale oil. 
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The two crude shale oils from the same source, one 
direct and one indirect, were processed within two 
weeks after retorting. Oil samples were collected and 
shipped to the test site in chilled and/or nitrogen 
blanketed five gallon cans. 

Five sets of samples were aged in two atmospheres for 
periods of 28, 56, and 84 days. 

Four sets of samples were aged under an air atmosphere 
as follows: 

• As-poured oil, aged in air at 300 to 40°F desig-
nated "Reference Oil." 

• As-poured, air sparged oil, aged in air at 140°F, 
designated "Air Sparged/Stored" oil. 

• As-poured, air sparged, inhibited oil aged in air 
at 140°F designated "Air Sparged/Inhibited" oil. 

• As-poured, vacuum degassed, air blanketed oil 
aged in air at 1400? designated "Vac-Degas/Air 
Stored" oil. 

One set of samples was aged under a nitrogen atmo-
sphere. The aging condition used was as follows:

• As-poured, vacuum degassed, nitrogen blan-
keted oil aged in nitrogen at 140°F designated 
"Vac-Degas/Nitrogen Stored" oil. 

All oil sample sets were prepared and aged in duplicate. 
All samples were stored In the absence of light in 
amber colored quart bottles. 

Results of various methods to determine trace level 
metals content in shale oil are shown in Tables I and 2. 

The asphaltene fractions contain significant amounts of 
iron and arsenic on an asphaltene basis. Solid filtrate 
metals results indicate that approximately 50 percent 
Of the iron present in both oils is oil insoluble while 
100 percent of the arsenic present Is oil soluble. 

Enough information was obtained on the indirect shale 
oil asphaltene material to develop an empirical formula 
for its structure: 

C3 6 H46 N 2 02 09 Fe0 02 As0 

According to the Sohio researchers, this indicates that 
organometallics are an integral part of the asphaltene 
material. 

TABLE 1 

TRACE IRON VALUES DETERMINED BY
VARIOUS DETECTION METHODS 

iron (PPM) 
Oil Type INAA XRF ICP (I) ICP (10 HGA-AA FAA 

Indirect 10 18+1-9 23+1-13 8.9+/-0.7 7.9+1-2.0 25+1-11 
Indirect 7 16+/-9 185+1-210 9.6+1-1.1 nd 210+1-238 
Indirect 14 15+1-9 52/-24 12+1-0.4 19+1-7 56+1-25 
Indirect 20 22I-8 33+/-4 13+1-0.8 nd 47+1-5 
Indirect 20 24+1-7 55+1-45 18+1-0.4 nd 64/-45 
Direct 50 49+1-8 61+1-6 54 nd 63 +/-5 
Direct 40 43I-9 46/-2 40 nd 58+1-4 

nd = not determined

TABLE 2 

TRACE ARSENIC VALUE DETERMINED BY 
VARIOUS DETECTION METHODS 

Arsenic (PPM) 
Oil Type INAA X RF ICP(I) ICP (II) HGA-AA 

Indirect 48.3 52+1-3 69+/-5 49+1-1 30+/-3 
Indirect 49.2 50+/-9 83+1-2 50+/-3 47+1-3 
Indirect 45.2 50+1-3 62+1-5 46+1-2 30+1-3 
Indirect 43.3 47+/-3 57+1-9 42+1-0.6 2641-5 
Indirect 44.9 51+1-5 93+1-7 46+/-2 24+/-4 
Direct 27.7 28+1-3 82/-19 29 16+1-3 
Direct 25.9 29+1-2 66+1-10 24 16+1-i
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A limited assay was conducted on the freshly retorted 
indirect shale oil The boiling point distribution was 
similar to that of most shale oils. The naphtha and 
kerosene contents are low compared to petroleum 
crude. Light and heavy gas oil makes up 38 percent of 
the crude. 

Except for the naphtha and kerosene range, the nitro-
gen distribution is fairly flat at 1.75 to 2.0 weight 
percent. This indicates all fractions need denitrifica-
tion. 

Arsenic distribution versus boiling range was unex-
pected. Although a large amount concentrates in the 
heavy residual portion, an unexpected amount concen-
trates in the naphtha to light gas oil range with an 
unusually large concentration occurring in the 450 0 to 
550°F range. This indicates the arsenic species may be 
other than large organometallics. 

As expected, almost all the iron concentrates in the 
1,100°+F range. 

For electrical resistivity, unexpectedly; the light 
material exhibits the lowest resistivity. It is evident 
that the light material, not the solids or asphaltenes 
gives the shale oil its overall low electrical resistivity. 
Apparently, the iron is not a major contributor to the 
electrical resistivity while the arsenic may well be. 
Even the least conductive of petroleum residual oils is 
much more resistive than any shale oil fraction. As 
expected, almost all asphaltene material resides in the 
heavy ends. This confirms that the arsenic is not bound 
up in the asphaltene material to the extent the iron is, 
but associates with non-asphaltene components. 

Aging Behavior of Indirect 
Shale Oil 

Three major instability areas were identified by Sohio. 
These are: viscosity, electrical resistivity, and asphal-
tene content. 

At 100°F all samples showed some increase in viscosity 
(Figure 1). Overall viscosity increase for the air 
sparged sample was 40 percent. The remaining samples 
showed overall viscosity increases of between 15 and 
25 percent. The inhibitor used in the air sparged, 
inhibited sample reduced the viscosity increase from 40 
to 18 percent. 

Changes in electrical resistivity of the aged samples 
were pronounced and are shown in Figure 2. Again, the 
air sparged sample showed the largest change over the 
aging period. Electrical resistivity decreased contin-
uously from 165 to 69 megohm-centi meter after 
94 days of aging, a 58 percent decrease. As with 
viscosity, it appears the inhibitor used in the air 
sparged, inhibited sample suceesèfully stabilized the oil 
with respect to electrical resistivity. 

The electrical resistivity of petroleum crude oils, for 
comparison, is generally greater than 2,000 megohm-
centimeter. Measured crude shale oil electrical resis-
tivities range from a value of t65 megohm-centi meters 
for freshly retorted oil to 69 megohm-centimeters for

FIGURE 1 

VISCOSITY OF AGED 
INDIRECT SHALE OIL 
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air sparged oil aged 84 days. This is less, by more than 
an order of magnitude, than the petroleum values. 

The asphaltene content also showed significant changes 
over the test period. As with the previous properties, 
the air sparged sample showed significant continual 
increases from 0.96 to 3.0 weight percent over a period 
of 84 days, a 213 percent increase. Again, the inhibitor 
used in the air sparged, inhibited sample appears to 
have stabilized the oil with respect to asphaltene 
formation. 

2-15	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



Metals and elemental analyses were done on the asphal-
tone material extracted from each of the aged oils. 
For samples which showed large increases in asphaltene 
content, a corresponding increase in iron and arsenic 
was not observed. In other words, iron and arsenic are 
not being incorporated into the newly formed asphal-
tene structure as was the case for the original asphal-
tone material. 

Sohio concluded that dissolved oxygen Is not necessary 
for product instability, since oil free of dissolved oxy-
gen exhibits similar instability behavior after an induc-
tion period when exposed to a storage atmosphere 
containing oxygen. 

However, Sohio tools that they now have methods which 
can stabilize freshly retorted shale oil. 

MOBIL PATENTS LANE AND PILLAR 
MINING SYSTEM 

United States Patent 4,512,610 issued April 23, 1985 to 
C. J. Gilbert, et al, assigned to Mobil Oil Corporation 
describes a new mining system for oil shale. 

The most commonly proposed technique to carry out 
the mining of oil shale has been the room and pillar 
method. Panels are mined in three separate and 
distinct operations: heading extraction, bench extrac-
tion, and crosscut extraction. The upper extraction, 
termed the heading, is driven within the boundaries of 
rooms and Just below the roof (the top of the mining 
zone). When the headings are sufficiently advanced, 
the floor of the heading, i.e., the lower portion of the 
mining zone is mined. This operation called benching, 
Is advanced in the same direction as the heading. While 
some crosscuts are taken during the heading advance, 
most are executed after the benching operation Is 
completed. 

The trucks exiting from the panel must traverse a ramp 
from the heading or bench entries to the panel entry. 
Also, the heading and benching operations produce oil 
shale of substantially different grades. This makes It 
hard to maintain a constant grade of ore to the retort. 

An additional difficulty with a room and pillar mine 
layout is in the ventilation requirements. Ventilation 
may be accomplished by drawing air In one side of the 
room and pillar design and exhausting out the other. 
Because of the numerous crosscuts present, it is neces-
sary to use numerous curtains or brattices to direct the 
air into rooms where the mining is taking place and 
close off those areas not undergoing mining. These 
brattices have a tendency to leak. Therefore, while 
proper ventilation can be achieved, a substantial 
amount of power must be used. The presence of 
numerous crosscuts results in the need to utilize sub-
stantial quantities of power to maintain proper airflow. 

Support of the roof of underground mines Is an impor-
tant and expensive procedure. At an intersection of a 
room and a crosscut, this problem becomes more sub-

stantial due to the locally large spans produced by the 
intersections of crosscut and room. Minimizing cross-
cuts would reduce these maintenance costs and de-
crease the safety risks. 

The Mobil invention solves the foregoing problems of 
mining such as ventilation requirements, ramp access, 
extensive overhead support restrictions, and safety 
hazards by providing a multi-layered mining system and 
a modified layout of pillars and rooms. 

Referring to Figure 1, a lane and pillar design is illu-
strated as having lanes (32) and crosscuts (34) defining 
pillars (36). One end of lane (32) is terminated by a 
bench entry (38) and the other end is terminated by a 
heading entry (40). Bench entry area (38) and heading 
entry area (40) are formed perpendicular to main entry 
area (42) with wide support pillars (44). A barrier pillar 
(46) isolates the main entry area from the mining area. 

FIGURE 1 
LANE AND PILLAR LAYOUT 
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In developing the mine, the main entry area (42) is 
mined or excavated followed by mining heading entry 
(40) and bench entry (38). 

Figure 2A illustrates completion of heading entry (40) 
and the commencement of mining a lane. A conveyor 
belt (48) is located in one of the heading entry tunnels. 
Heading entry (40) comprises three tunnels with a 
conveyor (48) located in the center tunnel to provide 
access from either side. 

As lane (32) is mined, a load-haul-dump vehicle (51) 
transports mined material to a portable crusher feeding 
the conveyor (48). 

Figure 20 illustrates the completion of lane (32) along 
with the start of bench entry (38). Heading entry (40) 
and bench entry (38) are each approximately 25 feet 
high with a vertical separation approximately 25 feet 
between the roof (52) of bench entry (38) and the floor 
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FIGURE 2 

MINING SEQUENCE 
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(54) of heading entry (40). The bench entry comprises 
three tunnels having a conveyor (56) located in the 
center tunnel. 

A drilling vehicle (58) is illustrated as drilling through 
the floor of lane (32) to the ceiling level of bench stub 
(70) off bench entry (38). 

The holes between bench stub (70) and the upper portion 
of lane (32) are blasted to provide a slot raise (14) as 
Illustrated in Figure 2C. Load-haul-dump vehicle (76) 
transports mined material from bench face (78) to a 
portable crusher which loads onto conveyor (56). 

In Figure 2D, the advancement of bench mining opera-
tions is illustrated. 

The basic principle is a two-level mining system, with 
mining being done from both bench entry (38) and 
heading entry (40). This alleviates logistical problems 
associated with a single access to a multiple operation 
area by providing separate access to both portions of 
the mining extraction process. 

Heading entry (40) and heading level lanes (32) are done 
first to permit mining to connect to bench entry (38). 
Furthermore, the connection through the slot raise (78) 
allows fresh or intake air to be easily circulated to the 
area surrounding mining face (78) without the require-
ment of large air blowers or circulating pumps.

The kiln is divided into four operative zones through 
which the ground oil shale moves gravitationally down-
ward. 

EDWARDS ENGINEERING PATENTS 
OIL SHALE RETORT 

Edwards Engineering Corporation applied to the United 
States Synthetic Fuels Corporation for financial assist-
ance with a project involving the Edwards oil shale 
retorting process. This process is described in United 
States Patent 4,502,920 issued March 5, 1985 to R. C. 
Edwards, assigned to Edwards Engineering Corporation. 

As seen in Figure 1, the Edwards process is a Vertical 
kiln. However, in contrast to most oil shale processes 
under development, all heat exchange within the kiln is 
accomplished by indirect means, using heat exchanger 
tubes. A novel discharge grate system is proposed. 

Referring to Figure 1, the kiln (12) is supplied at the 
top with oil shale, fed by a screw feeder (5) from a teed 
hopper (1). 

The kiln is filled with horizontal heat exchanger tube 
bundles, indicated by dashed lines such as (25b). These 
tube bundles are (in sections 25, 26, and 28) a set of 
finned heat exchanger tubing, as shown in Figure 2, 
which is a cross section of the kiln, taken at section 4-4 
in Figure 1. In section (27) the tube bundles are non-
finned oval tubes for gas-gas heat exchange. 
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The shale is first passed through drying zone (25) to 
substantially drive off or separate water in vapor form 
and non-condensible gases. Following the drying zone is 
the preheat zone (26) where the temperature of the oil 
shale is raised to about 8000 to 825°F. 

The preheating zone (26) extends from the drying zone 
to an intermediate or retort zone (21). In the retort 
zone the temperature is raised to the critical tempera-

FIGURE 2

TUBE BUNDLE 
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lures for decomposing the organic matter or kerogen, 
about 800° to 1,100°F. 

Associated with the upper or preheating zone (26) is the 
lower or waste heat recovery zone (28) which extends 
from the lower end of the retort zone to the outlet 
control assembly (20). 

The heat needed to drive off the water and non-
condensible gases in the drying zone (25) is accom-
plished by heat exchange across the heat exchanger 
tubes (25b). These tubes supply a hot fluid heated by 
flue gas from an auxiliary heating unit (not shown) and 
connected at (Boa) and (floe). 

The delivery of heat to the preheating zone (26) is 
accomplished by heat exchange with suitable fluid (30, 
31) circulated through heat exchange tube bundles in 
the waste heat recovery zone (28). 

Fluids must be utilized in the pumping circuits (30 and 
31) such as heat transfer oil or silicone fluid that can 
withstand the waste heat temperatures of 800° to 
8250F. 

The pumping circuit (3) includes a common delivery line 
manifold (33). Delivery line (32) is connected to the 
upper end of the serially connected heat transfer tubes 
in the waste heat recovery section and the opposite end 
of the common delivery line (32) is connected to the 
lower end of the serially connected heat exchange tube 
bundles of the preheating section (15). 

Similarly in the pumping circuit (31) the common deli-
very line (40) is connected at one end to the upper end 
of the serially connected waste heat exchanger tubes in 
section (28) and has its remote end connected to the 
lower end of the preheat exchanger tubes in section 
(26). 

As the oil shale moves from the preheating zone (26) 
into the intermediate retort or hydrocarbon recovery 
zone (27) the temperature is raised to the critical 
temperature required to decompose kerogen. 

The heat exchange tube bundles such as (27a) in section 
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(28) are connected to the external auxiliary heat 
assembly. 

The auxiliary heating assembly provides hot combustion 
gases from any suitable source such as a gas or oil 
burner. The combustion gases pass through the lower 
and upper sections of section (28) and then through a 
heat exchange coil supplying heat to the drying zone at 
(Boa) and (60c) by means of a heat exchange medium 
such as water and glycol. The spent combustion gases 
are then vented to atmosphere. 

The retort or hydrocarbon recovery zone includes a 
plurality of vent members such as (61d). The inverted 
U-shaped vent members are connected through hydro-
carbon collecting manifolds (62 and 64) to the product 
condenser/separator (77). 

The bottom of the kiln is provided with a plurality of 
elongated cone shaped outlet port members (17) respec-
tively provided with outlet ports as at (ha) shown in 
Figures 1 and 3.

FIGURE 3 
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Discharge of the spent shale from each of the outlet 
ports (17a) etc., is controlled by a closure head (18) 
which is connected to an actuating assembly (22). 

The closure head (18) is so designed that in the closed 
position as shown in Figure 3 there will be a clearance 
between the outlet ports (17a), and the inner arcuate 
face of the closure heads (18). The arrangement 
permits the ground oil shale to compress between the 
outlet ports and the inner face of the closure heads 
without spilling over and enables the closure head (18) 
to wipe the outlet port clear in its opening movement. 

When the discharge ports are opened, spent shale drops 
onto conveyer belts (23) for disposal. 

##04

EXXON PATENTS PRE-TREATMENT 
METHOD FOR ARSENIC REMOVAL 

United States Patent 4,493,763 Issued to R. P. Rhodes 
and F. Hershkowitz on January 15, 1985 discloses a 
method for pre-treating oil shale such that upon subse-
quent processing the shale oil obtained is substantially 
free of arsenic. The pre-treatment comprises heating 
the oil shale in a reducing atmosphere at a temperature 
from about 200°C to about retorting temperature. 

The presence of arsenic in oil shale liquids is very 
deleterious because it poses a serious environmental 
problem and is a catalyst poison. 

Most conventional methods developed for dealing with 
this arsenic problem treat the arsenic-containing oil 
after conversion as opposed to treating the oil shale 
before conversion. 

The Exxon method comprises subjecting the oil shale to 
a reducing atmosphere (at a temperature of about 200° 
to 400°C) provided by hydrogen, carbon monoxide, or 
mixtures thereof. The reduced oil shale is subsequently 
retorted using conventional methods. 

Any type of arsenic-containing oil shale may be 
treated. It is preferred that the oil shale have as high a 
surface area as possible, and generally will be ground to 
less than about 4 mesh. 

The pre-treatment must be performed in an effective 
reducing atmosphere. An atmosphere containing more 
than 50 percent hydrogen by volume is preferred. 

For Green River oil shale and a pre-treatment tempera-
ture of about 350°C, an effective reaction time would 
be about 10 to 20 minutes. Any conventional reaction 
vessel may be used. 

In one method the oil shale is fed Into a reaction vessel 
and the reducing atmosphere is provided at temperature 
for an effective amount of time. The atmosphere is 
then switched to the atmosphere selected for retorting 
and the temperature of the vessel is Increased to 
retorting temperature. 

In an example presented in the patent, holding oil shale 
under a nitrogen atmosphere at 300°C prior to retorting 
gave a liquid product with about 10 ppm arsenic. By 
contrast, using the patent procedure and holding the oil 
shale under a hydrogen atmosphere at equivalent time 
and temperature prior to retorting gave a liquid product 
with only 1 to 5 ppm arsenic. 

MOBIL PATENT SHOWS USE OF SPENT OIL SHALE 
TO REDUCE NITROGEN IN SHALE OIL 

United States Patent 4,493,762 issued to L. R. Rudnick 
on January 15, 1985 addresses the problem of reducing 
the nitrogen content of crude shale oil. 

Mobil's invention reduces the nitrogen content of the 
shale oil by extracting nitrogen-containing compounds 
from the shale oil with acidified spent shale. 
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Referring to Figure 1, crushed oil shale is fed into a 
surface retort (12). Crude shale oil exits the retort (12) 
via line (24) where It enters the agitator (28). Hydrogen 
sulfide gases exit the retort through line (14), and are 
oxidized to sulfuric acid. 

The sulfuric acid is then led into an acidifier (22) where 
it contacts the spent retorted shale emerging from the 
retort. The spent shale is cooled to a temperature of 
about 75°C, and contacted with the sulfuric acid for 
about 15 minutes. The acidified oil shale is then fed via 
conduit (26) into the agitator (28) where it contacts the 
raw shale oil. Temperatures in the agitation (28) are 
maintained at about 75°C. 

To obtain a satisfactory extracting of the nitrogen-
bearing components, the shale oil is contacted with 
acidified oil shale for a period of about 15 minutes. 
The preferred ratio of shale oil to acidified spent shale 
varies from about 4 to 1 parts by weight of shale oil to 
one part of acidified spent shale. 

Once the desired reduction in nitrogen-bearing content 
has been obtained, the acidified oil shale and shale oil 
are removed from the agitator (28) and fed into the 
separator (32) where the shale oil is separated from the 
acidified shale and sent to storage by line (36). Spent 
acidified shale is removed from the separator via 
conduit (38) or else recycled to acidifier (22). 

In the example presented in the patent, Paraho shale oil 
containing 1.84 weight percent nitrogen was treated 
with acidified oil shale and the nitrogen content was 
reduced to 1.68 weight percent nitrogen.

PATENT ISSUED FOR EVERMAN 
HOT OIL RETORT 

United States Patent 4,495,032 was issued January 22, 
1985 to C. C. Everman for a "Split flub Wheel Appara-
tus." The apparatus is the same hot oil retort previous-
ly patented under 4,410,416 "Split flub Wheel Apparatus 
and Use of Same for Shale Oil Retorting." This patent 
was reviewed in the Pace Synthetic Fuels Report, June 
1984, page 2-29. See that article for a  more complete 
description of the process. 

Briefly the process allows for the loading, dipping into 
hot oil, and unloading of oil shale in an air-tight 
environment. The "split hub wheel" consists of a 
rotating shaft or hub to which are attached three 
hollow spokes or arms, which are dipped into and out of 
a heated oil bath as the shaft rotates (Figure 1). The 
shaft itself is hollow and fits over a hollow, stationary 
axle. 

Pulverized oil shale is introduced through one end of 
the hollow axle, falls into one of the hollow rotating 
arms, is carried through and out of the oil bath, then 
falls out of the hollow arm and is discharged through 
the other end of the hollow axle. 

FIGURE 1 
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INTERNATIONAL 

SOVIET OIL SHALE PRODUCTION FALLS 

According to an item in Oil and Gas Journal, the 
production of oil shake in the Soviet Union continues to 
fall below planned levels. The latest official figures 
(1983) show that oil shale mined in Estonia and adjacent 
Leningrad Province fell to less than 29 million tons 
from a peak of about 32.6 million metric tons in 1980. 
Oil shale production" had been expected to reach at 
least 60 million tons by 1980. Most of the Soviet 
Union's oil shale is consumed as raw fuel by Estonian 
electrical power plants. 

DIFFICULTIES OF EXPANDING SOVIET UNION 
OIL SHALE DESCRIBED 

An article in Moscow UGOL illuminates the current 
perception of oil shale's future in the Soviet Union. 
According to the author, E. Y. Reynsalu, the prospects 
for development of oil shale are evaluated in the Soviet 
Union by the "social usefulness of the deposit," which 
depends on the economic and geographic conditions of 
the region, the mining and geological conditions of 
exploiting the site, and the quality of the deposit. 
Economic and geographic conditions are described by 
the population density, by the long-run marginal costs 
for fuel and by the size of the reserves of shale in the 
deposit. 

Population density is said to describe a region in terms 
of Its state of development and the importance of 
environmental protection. Both small and large popula-
tion densities are considered a negative factor. Thus, a 
graph for the deposit's social utility plotted against 
"population density" has the form of a parabolic curve 
with its maximum in the middle of the range. 

Other relationships exist between the social utility of 
oil shales and such parameters as the long-run marginal 
costs for power in the region; the overall geological 
reserves of the deposit; the net costs and capital 
intensity of production; the specific heat of combustion 
and tar yield; the total sulfur content; etc. 

According to the article, estimates of the overall social 
utility have been used to classify various oil shale 
deposits in terms of their development potential. This 
classification distinquishes between developed and pro-
spective deposits. - The latter are broken down into 
primary, secondary, and tertiary prospects. developed 
deposits include the Estonian, Leningrad, and Baltic 
Basin deposits. 

It is stated that exploitation of the primary prospective 
deposits using traditional methods of excavation and 
dressing can be started in about 15 years. This group 
includes the Tape shale region in Estonia, the Boltysh 
deposit in the Ukraine and a number of sections of the 
Volga Basin. Since the Tape region is basically a 
segment of the Estonian deposit, having substantially 
poorer technical and economic characteristics, its

development is advisable only after the reserves of the 
main sections of the Baltic Basin have been depleted. 

The development of secondary prospective deposits may 
be possible by new excavation methods such as in situ 
gasification and distillation after 2000. 

Development of tertiary prospective deposits requires 
additional geological prospecting and scientific investi-
gation to determine the actual reserves of organic 
substance in the oil shales and to find efficient methods 
of extraction. 

Thus, until the end of the current century, development 
of the shale extraction industry is feasible only in the 
Baltic Basin. Rapid exploitation of the oil shale 
reserves in other Soviet Union basins is prevented by 
their poor quality, complicated mining and geological 
conditions, and lack of efficient processing technology. 

Although the chief factor determining the technical and 
economic status of the shale industry is the demand for 
electricity and shale refining products in the North-
western and Baltic regions, the mining technology, 
labor and ecological resources of the basin also play an 
important part. The combined influence of these 
factors has been studied with a mathematical model 
using the linear programming method. 

Development alternatives for the Baltic Basin were 
worked out from forecasts. One alternative envisions 
the construction of three mines and two dressing plants 
in Estonia (at the Sirgala and Narvskiy quarries), as well 
as mines and quarries with a beneficiation plant in the 
Leningrad Oblast. The number of workers involved in 
shale extraction would be greatly increased. But given 
the limited labor resources in these regions a more 
feasible alternative may be construction of the Kurem-
yae mine at the Estonian deposit, and construction of 
the Kirovskaya mine and the Mezhdurech'ye quarry with 
a dressing plant in the Leningrad region. No significant 
increase in workers is anticipated, but the net costs of 
shale extraction increase. 

The adoption of progressive technologies for the clean-
ing and dressing of mined shale does not guarantee 
improvement of the economics of shale extraction. 

The worsening of mining and geological conditions will 
cause increased production costs and lower quality of 
extracted fuel. Also, the construction of new mines 
and quarries requires significant capital investment. 
However, the article concludes that because of trends 
in the long-run marginal costs for fuel and power in this 
economic region, the economic effectiveness of devel-
oping the Baltic oil shale is increasing. 
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MARKETABLE TRANSPORT FUELS DERIVED FROM 
JULIA CREEK SHALE OIL 

In 1960 CSR Limited began investigation of the 
Cretaceous Toolebuc oil shale at Julia Creek in 
Queensland, Australia. 

The shale is largely calcitic; Its calcium carbonate 
content is up to 50 percent of the mineral matter. This 
feature of the oil shale has been utilized in the 
CSIRO/CSR retorting process which has been developed 
specifically for Toolebuc oil shale. The process incor-
porates fluidized bed combustion of the spent shale, 
with hot shale ash used as the heat carrier for retorting 
fresh shale. The high lime content of the heat carrier 
is utilized for the removal of sulfur compounds gener-
ated in the retort and combustor. 

Recent work, reported by L. Stephenson at the 18th Oil 
Shale Symposium, is focusing on determining the feasi-
bility of producing marketable transport fuels from the 
shale oil. 

Properties of a typical Julia Creek oil are given in 
Table 1. The heteroatom levels, (nitrogen 1.2 weight 
percent, sulfur 5.7 weight percent, and oxygen 
2.5 weight percent) are, in total, significantly higher 
than values for conventional crudes, although petroleum 
crudes commonly have high levels of sulfur. The 
aromaticity and metal content of the oil add to its 
complexity and unusual nature. Because of its instabi-
lity it is anticipated that stabilization will be required 
directly after retorting.

TABLE 1

TYPICAL PROPERTIES OF JULIA CREEK SHALE OIL

Specific Gravity (15°I1 5°C)	 0.96-0.99 
Pour Point CC) -30 
Kinematic Viscosity at 40°C (cSt) 20-30 
Elemental Analysis (Wt. %) 

Carbon 81.3 
Hydrogen 9.3 
Nitrogen 1.2 
Oxygen 2.5 
Sulfur 5.1 

Trace Metals (ppm weight) 
Arsenic 33 
Nickel 6 
Vanadium 60 
Molybdenum 0.5 
Iron 20 

The upgrading scheme, outlined in Figure 1, involves 
distillation of the oil to give naphtha and topped crude 
fractions which are upgraded separately. 

Shale oil used in this project was produced by retorting 
Julia Creek oil shale (70 liters per ton) In a 0.5 ton per 
day continuous pilot plant retort at CSR, Concord West, 
New South Wales.

FIGURE 1 
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Hydrotreating trials were performed in trickle bed 
reactors with conventional Ni-Mo and Co-Mo catalysts. 

Naphtha Treatment 

The naphtha fraction, defined as boiling below 196°C, 
represents approximately 20 percent of Julia Creek 
shale oil. 

Most of the basic nitrogen compounds in the naphtha 
were found to be pyridine derivatives, with 2- and 
2,6-substitution predominating. 

The major neutral nitrogen components were found to 
be pyrroles. Although 2,5-dimethylpyrrole is a major 
component, this appears to be the first time it has been 
Identified in a fossil fuel. 

Among the oxygen compounds fifteen phenol deriva-
tives were extracted from the naphtha. Low molecular 
weight ketones, principally acetone and butanone, were 
also detected in whole naphtha. 

Apart from traces of mercaptans, all the sulfur in Julia 
Creek naphtha Is in the form of thiophenes. Twenty 
such compounds were identified and quantified. 

Detailed characterization of the naphtha, including an 
NMR analysis of its olefins, led to a predicted hydrogen 
consumption of 1,540 standard cubic feet per barrel. 
Saturation of the aromatics would require an extra 
510 standard cubic feet per barrel. A range of com-
mercial hydrotreating catalysts was screened and 
Shell 444 cobalt-molybdenum was chosen as the most 
suitable. 

Table 2 gives an analysis of the product at 325°C (set 
temperature), 5 MPa hydrogen pressure, 0.7 liquid 
hourly space velocity and hydrogen consumption of 
4,600 standard cubic feet per barrel. 
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TABLE 2

ANALYSIS OF HYDROTREATED NAPHTHA 

Ha (%) 4.6 
Ca (%) 14.5 
Specific Gravity (15/15°C) 0.742 
Total Nitrogen (ppm) 1.5 
Neutral Nitrogen (ppm) 1 
Sulfur (ppm) 2 
n-Alkanes (weight %) 34 
iso-Alkanes (weight %) 23 
Naphthenes (weight %) 26 
Aromatics (weight %) 17 
RON (calculated) 4550

Since reforming and isomerization will be required to 
produce high octane gasoline blendstocks from hydro-
treated naphtha, to satisfy catalyst tolerances it would 
be necessary to further reduce nitrogen and sulfur 
levels. Although it was estimated that less than 
20 percent of the aromatics had been saturated in this 
run, decreasing this figure would also be desirable. 
Hydrotreating temperature, hydrogen pressure, and hy-
drogen to oil ratio were therefore varied at a constant 
space velocity of 1.0 per hour. The optimum conditions 
found, 350°C (maximum temperature), 3 MPa, and 
3,080 standard cubic feet per barrel hydrogen, gave a 
product with 0.5 ppm nitrogen, 0.2 ppm sulfur, and a 
hydrogen arornaticity of 5.4 percent. This material will 
therefore be acceptable for reforming with bimetallic 
catalysts. 

The quantity of secondary naphtha produced during the 
hydrostabilization of topped crude is comparable to 
that of primary naphtha. Since the bulk of its compo-
nents are likely to be the result of heteroatom removal 
from high boiling components in topped crude, its 
nitrogen and sulfur contents were expected to be low, 
as was its aromaticity. Table 3 lists some of its 
properties.

TABLE 3

ANALYSIS OF SECONDARY NAPHTHA

5.0 
Ca (%)	 16.0 
Specific Gravity (15/15°C) 	 0.765 
Nitrogen (ppm)	 250 
Sulfur (ppm)	 190 

Because of its higher content of naphthenes, which are 
mainly cyclohexanes, and the lower n-alkanes content, 
secondary naphtha will provide a much better reformer 
feed, providing Its heteroatom content can be satisfac-
torily reduced. Hydrotreating experiments are not

complete, but conditions required for complete hetero-
atom removal are expected to be more severe than for 
primary naphtha. 

Topped Crude Stabilization 

The topped crude oil was hydrostabilized with a once-
through hydrogen rate of 5,000 standard cubic feet per 
barrel. 

Properties of the topped crude and stabilized product 
are summarized in Table 4. Significant improvements 
in oil quality were achieved with specific gravity and 
viscosity markedly lower in the product. The hydrogen 
to carbon atomic ratio and NMR results indicated a 
significant reduction in aromaticity in the stabilized 
oil. 

The large quantity of seconary naphtha produced during 
stabilization (17 percent), is attributable to extensive 
hydrodesulfurization and hydrodenitrogenation reac-
tions rather than hydrocracking. 

The high levels of metals, in particular vanadium, 
nickel, and arsenic necessitated the use of a guard bed 
to protect the hydrotreating catalyst. 

Jet and Diesel Fuel Production 

The stabilized product was distilled under vacuum to 
yield secondary naphtha, secondary distillate, and resi-
due. These fractions were processed separately to 
enable hydrotreating conditions to be set according to 
final product requirements. 

The secondary distillate fraction required further up-
grading in terms of heteroatom removal and aromatic 
saturation to produce Jet and diesel fuel. 

This treatment lowered the specific gravity from 0.865 
to 0.828 and reduced the aromatic content from 
24.5 percent in the feed to 3.4 percent in the upgraded 
material. This saturation level was necessary for the 
production of high quality fuels. 

The product oil was distilled to yield tertiary naphtha, 
kerosene, and diesel fractions. Jet fuel blends were 
made by combining suitable proportions of the naphtha 
and kerosene fractions. 

The Jet fuel blend, diesel and commercial samples were 
analyzed by conventional petroleum methods. The 
synthetic jet fuel passed all specification tests for 
aviation turbine fuel. Stability tests were performed on 
the fuel and results indicate that no problems would be 
encountered with fuel stability. 

Although the synthetic jet fuel passes all ATF-1A 
specification tests, its composition is quite different 
from a conventional fuel. Normal alkanes are present 
in high concentrations in the commercial sample and 
the composition of this fuel was less complex than the 
shale-derived sample. 

Because the synthetic sample was derived from an 
aromatic rich oil (secondary distillate feed, Ca = 
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25 percent), it was not surprising to identity the major-
ity of the peaks in the CC chromatogram as naph-
thenes. Most of the naphthenes were identified as 
substituted cyclohexancs and substituted decalins. Very 
few aromatic or branched aliphatic compounds were 
identified.

SOVIET UNION DEVELOPING IMPROVED MINING 
METHODS FOR OIL SHALE 

An article in Moscow UGOL', "Basic Ways for Expand-
ing the Raw Materials Base of the USSR's Shale 
Industry," indicates oil shale mining improvements. 

The effects of a highly naphthenic fuel on engine 
performance are not known, although information sug-
gests that with low aromaticity it may be difficult to 
pass lubricity tests. 

The diesel fuel is expected to meet commercial auto-
motive distillate oil specifications when produced from 
the heavier end of the feedstock. 

Upgrading of Vacuum Residue 

The residue material (nominally 317°+C) from the 
vacuum distillation of stabilized oil was hydrotreated 
separately (see Figure 1). The aim of the upgrading was 
to minimize or eliminate the heavy oil component and 
maximize the yield of transport fuels. However, this 
oil is potentially a good precursor for diesel fuel. On 
this basis the severity of the vacuum residue hydro-
treatment was only marginally higher than that used for 
the distillates; the aim being to saturate the aromatics 
and remove the heteroatoms rather than to crack the 
aliphatic material. 

However, the diesel fractions distilled from the pro-
ducts were too heavy to meet specification. These 
fractions were blended with diesel produced from se-
condary distillate upgrading. It is expected that these 
samples will meet specification. 

The authors conclude that they have shown specifica-
tion jet and diesel fuels can be produced from Julia 
Creek shale oil using conventional refining technology. 

TABLE 4

HYDRO8'TABILIzATION OF JULIA CREEK SHALE OIL

Topped Stabilized 
Analyse/Sample Crude Oil 

Specific Gravity (15.6/15.6°C) 1.037 0.8774 
vIscIty at 4C (at) 104.1 1.03 
simulated Distillation 

1961C 6.1 23.2 
196-235 9.1 14.9 
235-317 20.6 29.2 
317°C 56.1 32.7 

Elemental Analysis (WL %) 
Carbon 74.96 87.33 
Hydrogen 9.08 11.79 
Nitrogen 1.86 0.28 
Oxygen 8.6 0.3 
Sulfur 5.5 0.3 

Hydrogen/Carbon Itatlo 1.46 1.62 
H Aromaticity (Ha) 16.2 9.8 
C Aronaticity (Cc) 45.7 27.7 
Metal Content(	 g/g) 

Vanadium 61 1 
Nickel 4 < I 
Iron 49 I 
Arsenic 39 0.2

The article states that one of the main routes for 
increasing oil shale resources is through reduction of 
losses during mining and handling. 

Especially in the high-quality shale regions already 
developed, operational losses are great because of the 
excavation system being used. Shale is mineij under-
ground basically by the room system of development, 
which results in a great loss of shale in the pillars (30 to 
40 percent). Because of this, proper attention should be 
paid to creating a technology for working the formation 
with small pillars or without any. 

Simultaneously with improvement of the room-and-
pillar system of excavation, mining wth cutter-loaders, 
with full caving of the roof, has started at the Estonian 
shale field. Conversion to the slicing method system of 
development will enable underground shale losses to be 
cut about in half. Moreover, thanks to the "double slab" 
that is left in the underground mine, with the amount of 
mine mass produced left unchanged, the mine's shale 
output capacity rises 1.2 fold to 1.3 fold. 

Introduction of the technology for excavating shale 
with cutter-loaders and by the drilling-and-blasting 
method, with roof caving, at underground mines of the 
Leningrad field will cut losses 1.5 fold to 2.0 fold in 
comparison with the room-longwall system now being 
used. 

The open-pit method for mining shale is more economi-
cal. Its prime production costs at strip mines is 1.5 fold 
to 2.0 fold lower than at underground mines. At 
present, because of the lack of preparation plants at 
strip mines, selective excavation Is used, and, in so 
doing, shale losses reach 20 percent, basically because 
of abandonment of marginal seams. 

##11 
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ENVIRONMENT 

BLM TO PREPARE EIS FOR liii NAHCOLITE MINE 

The United States Bureau of Land Managmeent (BLM) 
announced that it intends to prepare an Environmental 
Impact Statement (EIS) on the Industrial Resources, Inc. 
(Ia!) mine plan for a commercial scale nahcolite solu-
tion mine in Rio Blanco County, Colorado. 

The area proposed for development is contained within 
Sections 26 and 27, Township 1 South, Range 98 West, 
6th P.M., on two existing sodium leases held by IRI (see 
Figure 1). Their proposed action involves a phased-
approach development with initial production of nahco-
lite at a rate of 50,000 tons per year for the first one or 
two years. This production rate would increase to 
125,000 tons per year in approximately the third year of 
operation with an expected total mine life of 30 years, 

The proposed project includes a well field for in situ 
solution mining of nahcolite; a handling and processing 
plant, including evaporation ponds; and associated 
transportation, access and support facilities. 

IN-PILE DRAIN WOULD PREVENT 
LEACHATR FROM SPENT SHALE 

A new approach to the elimination of contaminated 
seepage from processed shale piles was presented at the 
17th Oil Shale Symposium by A. Brown of Terra Therma 
Inc. (see Pace Synthetic Fuels Report, December 1984, 
page 2-35). The general concept consists of a porous 
foundation and a central chimney (Figure 1).
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Further investigation of the concept was reported at 
the 18th Symposium. The study was part of the 
environmental protection activities funded by Rio 
Blanco Oil Shale Company. 

Seepage of saline leachate from processed shale piles 
has been an Important concern of oil shale production. 

In the engineered control concept a highly permeable 
foundation under the processed shale allows the vapor-
ization of any seepage through the pile, and the trans-
port of the water vapor to the atmosphere. Any saline 
minerals which were dissolved in the seepage will 
remain in the base of the processed shale pile. 

The physics of the flow system in a processed shale pile 
under conditions of constant temperature and constant 
infiltration was examined. This evaluation confirmed 
that there would always be some net infiltration Into 
the processed shale pile, and that this infiltration 
would, in time, exit the base of the pile either as high 
salinity groundwater, or as essentially deionized water 
vapor. 

The ventilated shale pile design was developed to allow 
vapor phase discharge of water from the base of the 
pile. This design provided a thick, high permeability 
layer beneath the processed shale, which was connected 
to a "chimney" in the center of the pile. The concept 
takes advantage of the density contrast between the 
moist, cool air in the foundation and the generally 
warmer air outside the pile to cause airflow within the 
foundation. This flow would remove air saturated with 
seepage water vapor from the foundation material, and 
replace It with relatively dry air. 
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A considerable amount of heat is required to evaporate 
the water that infiltrates into the pile. The infiltration 
of incident precipitation in the area has been estimated 
at 25 millimeters per year. 

The area of the processed shale pile was assumed to be 
1,000 hectares (equivalent to 4 square miles). Using 
this area, the total amount of water flowing is 130 gpm 
and the total power required to evaporate the water is 
20 megawatts (27,000 horsepower). 

Several possible sources of heat to accomplish this 
evaporation were studied. The most obvious source of 
heat is the heat flowing through the earth's crust. 
While this heat flux varies, a reasonable global average 
is 70 milliwatts per square meter. This is only about 
4 percent of the heat required for the evaporation of 
the seepage water. 

The processed shale will be placed in the pile at a 
temperature which will range from 40°C to 100°C. The 
heat energy trapped in the pile will be available for the 
evaporation of water in the foundation for a 
considerable period of time. 

If it is assumed that there is no heat loss from the 
surfaces of the processed shale, and that all heat in the 
pile goes to evaporation of seepage water then the heat 
available at emplacement of the pile would be able to 
evaporate the seepage water for about 170 years. 
While this is useful additional protection, it is not 
significant when compared to a reasonable containment 
period, for example the period to the next ice age, 
projected to be perhaps 10,000 years. By that time, the 
performance of the seepage control system in the pile 
will likely be irrelevant. 

Vaporization Using Atmospheric 
Heat Sources 

One source of heat is the air that could be made to flow 
through the foundation. As the water evaporates, the 
air is cooled in order to provide the heat of vapor-
ization of the water. As a result of the cooling, the 
density of the air increases. As a result of the increase 
of density, the air in the drainage system flows down-
ward, drawing more air into the foundation system, and 
forcing the more saturated air out the base of the pile. 
However, there is a somewhat compensating decrease 
of density due to the increased humidity of the air. 

If 5,000 cubic meters of air enters the center of the 
drain at 7°C, and flows from the center of the pile drain 
to the periphery, evaporating all of the 25 mm water 
inflow, the temperature drop due to the evaporation of 
the water would be 5°C. 

That is, the air temperature in the foundation would 
drop to close to freezing. The question then must be 
asked as to whether the density change induced by this 
temperature change is adequate to cause this air flow. 
It was calculated that the equivalent hydraulic conduc-
tivity of the foundation materials would need to be on 
the order of 10 meters per second. This is equivalent to 
a coarse gravel or cobble rock drain, which is achiev-
able with materials available on site (waste mine rock).

Feasibility of Vaporization Process 

In order to check the feasibility of the vaporization 
process described above, the process was evaluated 
using the second law of thermodynamics. 

The basic parameters used in the analysis were as 
follows: 

Elevation at site, meters 2,130 
Atmospheric pressure, millibar 782 
Density of air, kg/cubic meter 0.9933 
Average ambient temperature, °C 7 
Average ambient humidity, % 50 
Water infiltration, kg/second 8 
Air flow through pile foundation, kg/sec 5,000 
Output air humidity, % 95 
Geothermal heat flow, W/square meter 0.070

In addition, It is assumed that there Is no net heat loss 
across the boundary of the pile, once It has reached 
steady state (i.e., the temperature of the pile has 
equilibrated after its initial cooling). 

Under these conditions the net rate of change In en-
tropy for the process was computed as +11.7 kilojoules 
Per (second degrees K). The process Is thus possible 
under the above assumptions, but it is close to 
reversible. Accordingly It is likely to be subject to 
interruption due to temperature changes and other 
transient effects. 

The final humidity of the air in the foundation Is open 
to speculation. The above computations assume a 
humidity of 95 percent. It is Important that the air 
reach this humidity, both because of the need to carry 
the maximum amount of water from the system in the 
vapor phase, and because the process Is not self-
sustaining if the humidity is significantly lower. The 
actual humidity that will be experienced in the field 
will be a function of the rate at which the evaporation 
will take place. This is the subject of ongoing research. 

Implications for Design 
of the Pile 

The mechanism described above could be used to drive 
a seepage prevention system. The design of the foun-
dation would be modified from that presented in 
Figural, in that the foundation drain would be con-
structed so as to slope towards the periphery of the 
pile, generally as shown in Figure 2. This slope would 
allow the best airflow conditions for the system, al-
lowing the temperature of the air to drop fairly steadily 
from intake to exit. 

An alternative design approach would be to have the 
drain above all of the processed shale. In this way the 
evaporation takes place before any leachate has been 
created. The only requirement of the seepage collec-
tion system is that it vaporizes and exhausts the water 
in the vapor form before it seeps from the pile. 
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It is concluded that this processed shale disposal tech-
nique is a passive seepage control system that will be 
effective over several thousands of years. The theo-
retical analysis suggests that such a system is feasible. 
There is an adequate source of energy for the vapor-
ization required in the system, and the process appears 
to be capable of being self-sustaining. 

MERCURY EMISSIONS TRACKED FROM 
SIMULATED IN SITU RETORT 

Continuous, real-time measurements of mercury in off-
gases from a steam/air/nitrogen run of a laboratory in 
situ retort were carried out some time ago at Lawrence 
Berkeley Laboratory. 

The high volatility of mercury at temperatures en-
countered in fossil-fuel combustion processes has led to 
numerous studies of mercury mobilization in coal-and 
oil-fired power plants. More recently, coal conversion 
and oil shale processes have been investigated. These 
other studies reveal that a significant fraction of the 
mercury present in the feed is volatilized and parti-
tioned among products. 

The mercury mass balance for the completed run 
(Table 1) indicates that 95 percent of the mercury was 
recovered in the oil, water, gas, and spent shale. The 
unaccounted for 5 percent is attributed to analytical 
error and losses in unheated sampling lines. About 
76 percent of the recovered mercury was present in the 
gas. 

Mercury was non-uniformly emitted (Figure 1), and con-
centrations ranged from less than 0.2 to 8,000 micro-
grams per cubic meter. This variability was not due to 
measurement error, which was estimated to be 
+/- 10 percent. Mercury release coincided with the end 
of oil production and a decrease in hydrogen sulfide and 
occurred in five discrete pulses. The temperature of 
the bottom retort zone when mercury was first 
detected was 304°C.

MERCURY MASS BALACE 

Average 
Mercury	 Mercury 

Concentration	 Distribution 
(ppb)	 (%) 

Inputs 

Raw Shale 86+/-20 100 
Gas 0.3 

Outputs 

Spent Shale 16+1-8 13 
Shale Oil 54+1-lI 9 
Retort Water 103+1-13 3 
Off-Gas 181 16

Mercury concentrations in hourly water samples are 
presented in Figure 1. No mercury was detected for 
17 hours after the first appearance of oil. Thereafter, 
the mercury was released in pulses, a maximum being 
reached about 36 hours into the run. Oil production 
terminated about 52 hours into the run, coinciding with 
the appearance of mercury in the gases and the disap-
pearance of mercury in the water. 

FIGURE 1 
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The mecahnism responsible for the accumulation of 
mercury ahead of the reaction zone is uncertain. It 
may be physical adsorption, chemical adsorption/eom-
plexation, or condensation. 

This study demonstrates that poor mass balances ob-
tained in previous studies and the low concentrations of 
mercury reported in shale gases are partially explained 
by the non-uniform emission of mercury from in situ 
retorts. To adequately characterize gaseous mercury 

-
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emissions from in situ retorts, either mercury must be 
continously measured or a large number of discrete 
measurements must be made throughout a run. 

Mercury is non-uniformly emitted from in situ retorts 
in pulses toward the end of a run. Such emission 
profiles have been observed at large field in situ 
retorts. - 

This type of distribution may be qualitatively explained 
by considering that pyrolysis products are carried out of 
the reaction zone by the sweep gas and travel ahead of 
it. Mercury present in the raw shale is released at 160° 
to 320°C, well in advance of pyrolysis products. This 
mercury travels down the bed and is removed from the 
gases in areas where the bed temperatures are less than 
300°C. The deposited mercury may be reduced by 
carbon monoxide, hydrogen, or organics in the gases and 
is revolatilized when bed temperatures exceed 300°C. 
This process of successive volatilization and condensa-
tion continues until the majority of the mercury accum-
ulates near the bottom of the retort. When the 
reaction zone reaches this area, the mercury is volati-
lized and swept out of the retort in a series of discrete 
pulses which may correspond to different chemical 
forms of mercury. 

SOLID WASTE ESTIMATES COMPILED 

Estimates of solid waste to be expected from oil shale 
facilities havrbeen compiled by R. N. Heistand, for the 
United States Environmental Protection Agency. 

Such estimates may be needed for permit applications 
and environmental assessments long before the final 
design of the facility is complete. 

Reistand worked from published information, EISs and 
Pollution Control Technical Manuals from various plan-
ned oil shale facilities, to determine correlation factors 
for the types and quantities of specific solid wastes 
with respect to tons of shale mined. 

Solid wastes, generated by an integrated oil shale 
facility range from non-hazardous solids (such as spent 
shale) to dusts, sludges, and oily wastes, to hazardous 
catalysts that may contain arsenic, molybdenum, chro-
mium, or other heavy metals. 

In this paper, any solid that does not have, in the 
opinion of the developer, a market for sales, reclama-
tion, or on-site use, was considered to be a solid waste. 
Wastewaters were not included and sludges were consi-
dered on a dry basis (solids content)'only. Some solid 
wastes may not continue to be classed as wastes as the 
facilities attain commercial operations. - Examples in-
elude: catalysts that may be reclaimed; oily solids and 
raw shale rejects that may be used as feedstocks for 
retorting or fluidized bed operations; gypsum, lime, and 
biological sludges from gas and water treatments which 
may be used on-site as soil conditioners for revegeta-
tion. 

Factors for mass of major wastes per mass of raw shale

mined are expressed in metric tons of waste per thou-
sand metric tons of mined shale (metric tons per kilo 
metric ton). The factors for the other wastes, produced 
in lesser quantities, are expressed in metric tons of 
waste per million metric tons of mined shale (metric 
tons per mega metric tons). 

Factors for estimating the amounts of the major solid 
wastes are listed in Table 1. The mean factor for spent 
shale is 810 metric tons per kilo metric ton. The 
standard deviation of the mean is only 24 metric tons 
per kilo metric ton; the relative standard deviation 
(RED = 100 percent times Sx/X), or percent uncer-
tainty, is only 3 percent. For the raw shale waste, the 
uncertainty increased, due to a large extent, by the 
influence of retorting technology on this factor. The 
RED increased to 18.5 percent. Not much information 
is available concerning the other major solid wastes. 

TABLE 1 

MAJOR SOLID WASTES 

Metric Tons of Waste Per 
Material Thousand Tons of Mined Shale 

Mean	 Standard tincer- Data 
Factor	 Deviation tainty Points 

x	 Sx R.S.D. (N) 

Spent Shale 810	 24 3.0 8 
Raw Shale Rejects 66.1	 12.2 18.5 8 
Off-Spec By- 1.18	 0.17 14.4 4 

Products 
Oily Solids 0.34	 0.18 52.9 5 
Scrap & Garbage 0.04	 0.02 50.0 ± 

Total 880	 40 5 -

Other solid wastes will be generated from a commercial 
oil shale facility In much smaller quantities than the 
major solid wastes. However, since these other solid 
wastes may contain materials that are classified as 
hazardous, they are important from an environmental 
standpoint. These other solid wastes are grouped into 
catalysts, chemicals, and sludges. 

Table 2 illustrates the wastes produced from a mature 
oil shale industry mining 1.0 million metric tons of 
shale per calendar day and producing about 0.1 million 
cubic meters of hydrotreated shale oil per calendar day 
(1.1 million tons per day and about 0.7 million barrels 
per day). A single large-scale commercial facility 
could be considered to be about one-tenth as large. 

Predicted solid wastes in Table 2 represent the maxi-
mum amount of wastes that may be produced. The 
amount of spent shale disposed in well-designed surface 
sites could be reduced by at least one-half through 
conceptual in-mine disposal. Practically all marketable 
by-products will be upgraded to meet spec!fications; 
the amounts of these materials as solid wastes will 
approach zero. Raw shale rejects and oily solids will be 
utilized for their energy values; the wastes from these 
operations could be disposed with the spent shale in-
mine disposal. As much as one-half of the catalysts and 
chemicals may be reclaimed, regenerated, or reused. 
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Lime sludge from water treatment and gypsum from 
flue gas desulfurization (FGD) operations will be used 
to strengthen retorted shale structures. Most of the 
other non-hazardous sludges will be used on-site for 
dust control, or conditioning soils for revegetation. 

TABLE 2 

ESTIMATED SOLID WASTES GENERATED 
BY A MATURE OIL SHALE INDUSTRY

(Mining Rate = 1.0 Million
Metric Tons Per Day) 

Material	 - 

Spent Shale 
Raw Shale Rejects 
Off-Spec By-Products 
Scrap and Garbage 
Hydrogen Plant Catalysts 

HDS Unit 
Reformer 
Methanator 

Hydrotreater Catalysts 
Guard Bed 
H DH 

Fuel Gas Clean-Up Chemi-
cals 

FGD Chemicals 
Water Treatment Sludges 

Biological Sludges

Metric Tons of Waste/Da 
Standard 

Mean	 Deviation 
Factor	 of Mean 

Sx 

810,000 24,000 
66,100 12,200 
1,180 170 

40 20 
3.5 0.25 

0.96 0.18 
3.01 - 
0.34 0.02 
20.5 2.8 
15.6 2.0 
1.5 - 

2.06 0.54 

2,250 1,500 
7,500 - 

545 -

Thus, from a single day's operation of the suggested 
mature all shale industry, the actual solid wastes to be 
subjected to above-ground disposal may be reduced to 
500,000 metric tons of spent shales, about 1,000 metric 
tons of sludges, and about 10 metric tons of catalysts 
and chemicals.
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WATER 

WATER APPLICATION RELATED TO 
OIL SHALE LISTED 

The following recent water right application relevant to 
western oil shale projects was filed in the Office of the 
Water Clerk, District Court, Water Division No. 5, in 
Glenwood Springs, Colorado. 

85CW150 (81CW399) Rio Blanco Oil Shale Company, 
2851 South Parker Road, Suite 500, Aurora, Colorado 
80014 (do William C. Waldeck, Duf ford, Waldeck, Ru-
land & Milburn, Post Office Box 2188, Grand Junction, 
Colorado 81502). Application for Quadrennial Finding 
of Reasonable Diligence—Tract C-a Dewatering and 
Water Development Well System in Rio Blanco County. 
Source: transient storage water within the alluvium, the 
upper Parachute Creek member aquifer, above and 
within the Mahogany Zone, and the lower Parachute 
Creek member aquifer below the Mahogany Zone. The 
upper and lower aquifers within the Tract C-a boundar-
ies have been shown by model study to be tributary (to 
a degree) through nearby springs to the surface drain-
ages which traverse Tract C-a including Corral Gulch, 
Stake Springs Draw, Box Elder Gulch, Duck Creek, and 
Water Gulch, all intermittently flowing gulches or 
streams tributary to Yellow Creek, which Is tributary 
to the White River. The application contains a 23 page 
detailed outline of the work performed during the 
diligence period. 

79CW352 Application for Water Rights of Tosco CON 
poration-.-Rio Blanco County (White River). Order 
entered 5/16/85 to correct legal description of the 
subject right as follows: NE* of Section 1, T2S, R93W 
Of the 6th P.M. The Axis of the dam is N89°50 1 E across 
the channel of Miller Creek with the East end of the 
dam bearing S92000'W 510 feet from the Northeast 
corner of said Section 1.
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RESOURCE 

RMP ISSUED FOR GRAND JUNCTION RESOURCE 
AREA 

The United States Bureau of Land Management (BLM) 
released in April a draft resource management plan 
(aMP) and environmental impact statement (EIS) for 
proposed management of public land in the Grand 
Junction Resource Area. 

Although it borders the major oil shale regions 
(Figure 1), the Grand Junction Resource Area contains 
only a very small portion of the oil shale-rich Piceance 
Creek Basin. Much of the oil shale area is privately 
owned. The companies involved in private development 
are Chevron, Mobil, Pacific, Getty, Cities Service, and 
Union Oil. The Grand Junction Resource Area's major 
involvement with oil shale is in the issuing of rights-of-
way across public land to the private oil shale reserves 
and exchanges or sales of public land for private oil 
shale development. At the present time, the BLM is 
not considering leasing public oil shale reserves. 

More than 200 oil shale placer claims are now located 
on public land within the area for which the federal 
government does not have surface management rights. 
This places an encumbrance on the land and has an 
impact on the development of other reseources (i.e., 
timber, rights-of-way, oil and gas leasing, etc.). 

The RMP does not consider any impact from possible oil 
shale development.

The Preferred Alternative put forth by the Bureau 
would provide a balanced approach to land management 
of the 1,280,000 acres involved. 

Existing air quality in the resource area would be 
maintained within the designated non-attainment area 
through project design. 

Existing withdrawals from mineral locations on 124,443 
acres would continue. An additional 154,067 acres 
would be withdrawn to protect resource values. 

Approximately 624,701 acres would be designated open 
to oil and gas leasing without stipulations, and approxi-
mately 685,603 acres would be designated as open to oil 
and gas leasing with stipulations. An additional 149,087 
acres would be designated as closed to oil and gas 
leasing, and no areas would be left undesignated. 

Approximately 154,200 acres would be designated as 
Class I for visual resource management. An additional 
106,520 acres would be designated as Class II; 180,481 
acres as Class III; and the remaining 838,499 acres 
would be undesignated. The Palisade above Gateway 
would be designated an outstanding natural area to 
protect scenic values. 

A total of 149,087 acres in four wilderness study areas 
(Black Ridge Canyons, Black Ridge Canyons West, Do-
minquez Canyon, and Sewemup Mesa) would be recom-
mended as preliminarily suitable for wilderness designa-
tion. 

One hundred fifty-five tracts, totalling 27,956 acres, 
would be identified for disposal. Primary emphasis for 
disposal would be on exchange, and secondary emphasis 
would be on sales. Eight tracts, totalling 1,889 acres, 
would be identified for acquisition. 

Three zones would be identified to guide the develop-
ment of utilities: suitable for development (480,799 
acres), sensitive to development (531,524 acres), and 
unsuitable for development (267,131 acres). Eight 
utility corridors totalling 67,580 acres would be design-
ated for specific uses. 

CLOSELY SPACED COREHOLES REVEAL VARI-
ABILITY IN SHALE GRADE AT COLONY 

The oil shale beds of the Piceance Creek Basin are 
remarkably continuous and predictable. Therefore it 
has been generally assumed that retort feed would be 
both predictable and uniform. At the Colony Project, 
this originally led to resource evaluation programs 
based on drill holes with spacings in the range of 2,000 
to 5,000 feet. However, the observation of a poor 
correlation between some closely spaced holes and a 
general requirement for more control of retort-feed-
grade motivated a program to evaluate the variability 
of oil shale grade. Results of that program were 
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discussed by H. A. Perry, C. E. Brechtel, and M. P. 
Hardy at the 18th Oil Shale Symposium. The construc-
tion of a road bench immediately above the Mahogany 
zone at the Colony property provided the opportunity to 
economically test horizontal grade variability with 
closely spaced core holes. 

During the earlier drilling program in 1980, two pairs of 
closely-spaced holes were cored through the Mahogany 
zone. The average grade in the upper heading of the 
proposed 60 foot mine zone differed by 4.1 gallons per 
ton, for one of these pairs, and differed by one gallon 
per ton for the other pair. At other locations, holes 
within 1,000 feet of each other had grade differences of 
over four gallons per ton for the projected 60 foot mine 
zone. 

Reasons for such variations in average grade from hole 
to hole could be poor sampling procedure, poor quality 
control in assaying, averaging over different strati-
graphic horizons, or inherent variability in the oil shale 
grade within the specific zones. 

Poor sampling or lost core can account for some 
variability. The variability due to the accuracy of the 
assaying technique is estimated to be less than one 
gallon per ton. 

Large lateral variability in oil shale grade is known to 
exist in other commercial oil shale properties, but few 
published accounts are available. 

Fourteen close-spaced (100 foot) holes were rotary 
drilled down to the Mahogany Marker and then core 
drilled for approximately 75 feet. Average grade was 
calculated in each hole for the 60 foot Mahogany Mine 
zone (beginning at 4.5 feet below the Mahogany 
Marker), 25 foot upper heading and 35 foot lower bench. 
Geophysical logs were used to cross correlate strati-
graphic sub-zones within the mine zones. It was 
thought that local changes in sub-zone thickness might 
influence average grade of the mine zone. 

Lateral grade variability was evaluated using geostatis- 
tical techniques. Variograms for 59 holes located in 
and around the Colony property (including the 14 close-
spaced holes) were calculated assuming isotropic condi- 
tions in all directions. Figure 1 shows the resulting 
variogram for the total mine zone, upper heading, and 
lower bench. The variograrn for the 25 foot upper 
heading shows no reduction from the overall sample 
variance at spacings down to 90 feet. The variograms 
for the 60 foot mine zone and lower bench zone both 
show a reduction to roughly one-half of the overall 
sample variance at distances below 1,000 feet. 

The numerical values of the overall variance are listed 
in Table 1. The overall variance of the 14 close-spaced 
holes Is less than one-half of the value for the 59 holes 
for the 60 foot mine zone and lower bench. However, 
the overall variance for the upper heading is similar for 
the two groupings of holes. 

Stratigraphic variability of sub-zones in the Mahogany 
mine zone was evaluated to investigate if lateral varia-
tions in average grade could be correlated with thicken-
ing or thinning of either high or low grade sub-zones.

TABLE 1 

VARIANCE OF AVERAGE OIL SHALE GRADE
(Gallons Per Ton) 

Number	 Variance 
of	 Mine	 Upper	 Lower 

Group	 Holes Zone	 Heading Bench 

Closed Spaced	 14	 2.20	 6.76	 1.46
Holes 

All Holes	 59	 4.63	 7.55	 4.85 
All Holes Except	 45	 5.05	 7.31	 5.68 

the 14 Close	 - 
Spaced Holes 

The sub-zones were selected by cross hole correlation 
of the density log signatures of seven prominent rich 
layers in the 14 close-spaced holes. 

The stratigraphic thickness and average grade of the 
seven zones in each hole were correlated using least 
square curve fits performed on both the thickness 
versus average grade of each individual zone, and the 
individual stratigraphic zone thickness versus average 
grade for the 60 foot mine zone. The curve fits 
indicated little or no relationship between grade and 
the interval thickness. Thus stratigraphic thickening or 
thinning is not the primary mechanism for grade varia-
tion in the Mahogany mine zone. 

According to the authors, the variograms developed 
from this work indicate that by reducing the spacing of 
vertical drillholes to around 1,000 feet, local estimation 
variances might be reduced to around one-half of the 
overall variance of drilling data. This is based on the 
overall sample variance for the 14 close-spaced holes as 
compared to the other 45 holes thorughout the pro-
perty. A measure of the improvement in estimation 
variance can be established by examining the coeffi-
cient of variation which is the ratio of the square root 
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of the variance (standard deviation) divided by the 
average grade of drill holes. These values are listed in 
Table 2 and show that the maximum reduction in uncer-
tainty would be on the order of 3.3 percent of the 
average grade.

TABLE 2 

COMPARISON OF THE COEFFICIENTS OF 
VARIATION OF DRILL DATA 

Number Coefficient of Variation 
of	 Mine	 Upper	 Lower 

Group	 Holes Zone	 Heading Bench 

Close Spaced	 14	 0.043	 0.065	 0.038 
Holes 

All Holes	 59	 0.063	 0.071	 0.072 
All Holes Except	 45	 0.066	 0.070	 0.078 

Close Spaced 
Holes 

The nature of the variograms in Figure 1 indicates that 
predictions of local variations in retort feed-grade 
using vertical boreholes drilled from the surface are not 
practical. The grade of large blocks can be estimated 
by the mean grade of all drill holes, but other in-mine 
sampling procedures will have to be developed to evalu-
ate the daily and monthly local grade variations. How-
ever, the local grade variations of large volumes such 
as daily or monthly production, should be relatively 
small. 

IRI COREHOLES REVEAL POOR ROCK 
QUALITY IN LEACHED ZONE 

Industrial Resources, Inc. (IRI) currently maintains four 
federal sodium leases covering 8,358 acres in the 
Piceance Creek Basin of Colorado. The outline of the 
lease area is shown on Figure 1. Core holes MMC-IRI-3 
and 5, and rotary holes MMC-IRI-7 and 8 were drilled 
on this sodium lease by Multi Mineral Corporation 
(MMC) during 1980 and 1981 as part of their saline 
mineral and oil shale exploration programs. Core holes 
MMC-IRI-3 and 5 were cored (for their entire length) to 
a total depth of 2,884 feet and 2,984 feet, respectively. 
Drill holes MMC-1RI-7 and 8 were rotary drilled for 
hydrologic monitoring and testing purposes to a total 
depth of 1,880 feet, also bottoming in the Green River 
Formation. 

Lithologic, rock quality, and hydrologic data from these 
holes were analyzed to evaluate a proposed nahcolite 
solution mining operation by Industrial Resources, Inc., 
within the L-5 zone. The results were discussed by 0. 
J. Daub at the 18th Oil Shale Symposium in April 1985. 

The core holes penetrated the entire saline zone and it 
appears that the thickest accumulation of saline miner-

als in the Piceance Creek Basin exists beneath the IRI 
sodium lease, saline zone minerals on the lease include 
nahcolite, halite, and dawsonite. The saline zone is 
1,112 feet thick (maximum) on the IRI sodium lease 
with individual saline beds in excess of 90 feet thick. 
The saline zone includes part of the L-5 oil shale zone, 
all of the R-5, L-4, R-4, L-3, L-2 oil shale zones, and 
part of the R-2 oil shale zone. 

The leached zone, which directly overlies the saline 
zone, is characterized by abundant dissolution features 
resulting from the removal of a formerly very thick 
saline mineral section by downward percolating ground 
water. The leached zone extends up through the 
Mahogany zone and into the R-8 zone. Both are 
prominent zones in the Parachute Creek Member. 

Lithology 

The thickness of the Uinta Formation is 1,091 feet in 
MMC-IRI-3 and 1,187 feet in MMC-IRI-5 (Figure 2). 
The contact between the Uinta Formation and the 
underlying Parachute Creek Member of the Green River 
Formation is abrupt. 

The Parachute Creek Member of the Green River 
Formation has been divided into rich (R) and lean (L) 
zones on the basis of Fischer assay data as well as by 
descriptions of the core. Rock types range from rich to 
lean oil shale, marlstone and many oil shale, with minor 
amounts of silty marlstone and silty sandstone at the 
top of the Parachute Creek Member. Clay-rich oil 
shale is present in both core holes Just above the 
dissolution surface (top of the saline zone). 

The dissolution surface Is the lower extent of the 
influence of ground water on the saline mineral fades. 
Below this very distinct boundary is a stratigraphic 
section of saline minerals that exceeds 1,100 feet in 
thickness. 

The stratiform saline zone rocks are comprised primar-
ily of nahcolite, nahcolitic halite, and halite. The 
bedded saline minerals just below the dissolution sur-
face are referred to as the upper salt and are located 
within the L-5 zone. The uppermost bedded nahcolite is 
composed of mostly white crystalline naheolite with 
minor amounts of light-brown microcrystalline nahco-
lite. This nahcolite-rich bed in the upper salt of the L-
5 zone is known as the Boles bed or L-SA bed. The 
halite facies of the Boles bed is 66.9 feet thick in 
MMC-I lU-S whereas the nahcolitic fades of the bed in 
MMC-IRI-3 is 31.3 feet thick. 

The leached zone is defined as a geohydrologic unit of 
porous and highly permeable rocks extending from the 
dissolution surface upward into the lower part of the 
middle unit of the Mahogany zone. From this defini-
tion, one might be led to believe that there were no 
dissolution features and no leaching above the lower 
part of the middle unit of the Mahogany zone. How-
ever, there are numerous dissolution features present in 
both of these core holes throughout the Mahogany zone 
and well up into the R-8 zone. 
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FIGURE 1 
IRI LEASE LOCATION AND EXTENT OF SALINE
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The dissolution features include pits, which are small 
voids (usually 1-5 millimeters long) that are the result 
of dissolved saline minerals. Vugs, larger voids usually 
greater than 1 centimeter in size, were created in a 
similar fashion as pits! Rubble zones consist of angular 
blocks of broken oil shale or marlstone. Rubble frag-
ments often contain dissolution pits and small vugs. 
Rubble represents the remains of insoluble material 
once contained in the thick seams of nahcolite and/o! 
halite. Some of these rubble zones may be completely 
recemented with calcite or other material. Collapse 
breccias are quite common and consist of both intact 
and friable rock composed of angular breccia fragments 
that have been recemented or compacted. 

Rock Quality 

The core was logged in the field for rock quality at the 
time of drilling. Rock quality data were obtained by 
recording all of the structural features of the core, 
including fractures, joints, partings, drill breaks, rubble 
zones and dissolution features. 

Percent RQD is defined as the percentage of rock equal 
to or greater than 4 inches in length for ten feet of 
core. The relationship of RQD and the descriptive rock 
quality is as follows:

TABLE 1 

AVERAGE NUMBER OF FRACTURES
BY STRATIGRAPHIC INTERVALS 

Average Number of 
Fractures Per Foot 

Stratigraphy MMC-lRl-3 MMC-IRI-5 

Uinta Formation 4.05 3.14 
R-8 Zone 3.64 4.10 
A-Groove 7.84 6.65 
Mahogany Zone 6.45 18.11 
B-Groove 7.80 23.89 
R-6 Zone 7.17 9.22 
L-5 Zone to Dissolution 7.40 10.05 

Surface 
Dissolution Surface to 6.83 2.69w 

1,850 Feet 
Parachute Creek Member 6.17 8.98 

(Top of the Parachute 
Creek Member to the 
Dissolution Surface) 

Dissolution surface to 2,030 feet 

RQD %	 Description	 overlying and surrounding rock. This phenomenon re-
sulted in a very low rock quality. 

0-25 Very poor 
25-50 Poor 
50-75 Fair 
75-90 Good 
90-100 Excellent

The rock quality of the Mahogany zone on the IRI 
sodium lease is much lower than the same stratigraphic 
interval (Mahogany zone) along the southern rim of the 
Ficeance Creek Basin. The average percent RQD for 
the Mahogany zone in hole MMC-IRI-3 and 5 is 40 per-
cent and 43 percent (poor rock quality) respectively. 
The rock quality for the southern rim oil shale property 
is 90 to 100 percent (excellent) which is far superior. 
The number of fractures per foot for different strati-
graphic Intervals is given in Table 1. 

According to Daub, both the percent RQD data and the 
detailed rock quality information exemplify the incom-
petence and extremely poor nature of the rock; how-
ever, the percent RQD data do not take into account 
the abundant dissolution features that are present. 
Consequently, the actual percent RQD description for 
the rock does not adequately reflect the true rock 
quality which should probably be rated even lower. 

The oil shale and maristone of the Green River For-
mation exhibit a much higher fracture density than the 
Uinta Formation. The leached zone is thickest In the 
depositional center (IRI lease) of the Piceance Creek 
basin. The dissolved saline minerals in this zone 
allowed the collapse and extensive fracturing of the

From the top of the R-8 zone downward to the Disso-
lution surface the fracture density, rubble zone, and 
other dissolution features increase in abundance. Con-
ventional underground mining of the oil shale in the 
leached zone would appear to be impractical because of 
the low rock quality. 

There is then a significant increase in the rock quality 
from the contact of the dissolution surface (top of the 
saline zone) downward, due to the competency of the 
undissolved (Intact) saline minerals. 

Hydrology 

Figure 2 shows the major water production zones be-
neath the sodium lease area. The aquifers of interest 
are the two bedrock aquifers known as the upper and 
lower aquifers. The upper aquifer includes the Uinta 
Formation and the upper part of the Parachute Creek 
Member of the Green River Formation down to the base 
of the A-groove. The lower aquifer lies entirely within 
the Parachute Creek Member of the Green River For-
mation from the top of the B-groove to the dissolution 
surface. The Mahogany zone acts as a semi-confining 
layer between the two aquifer systems. Below the 
dissolution surface, the saline zone acts as a confining 
bed to the lower aquifer. 

In general, the changes in groundwater production en-
countered during air-rotary drilling can be correlated 
with the occurrence of fractures and dissolution fea-
tures. Three zones of hydrologic interest are evident 
(Figure 2). 

2-35	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



FIGURE 2 
MAJOR WATER PRODUCTION ZONES ENCOUNTERED 
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The first zone of interest is located at the static water 
level in hole MMC-IRI-8, which is approximately 
400 feet below land surface. At this depth, a sustained 
production of ground water was encountered. The 
specific conductance log shows two readings above the 
static water level of 500 micromhos per centimeter, 
and reflects an inflow of good quality water. Because 
these readings occur above the static water level, it 
suggests that a zone of perched ground water exists at 
this location. 

The downhole water-movement profile shows that 
water is moving down-hole from the static water level 
at a rate of about 10 gallons per minute. Upon comple-
tion of the drill hole as an observation well, cascading 
water could be heard in the well bore. 

The second zone of hydrologic interest is the R-8 zone 
of the Parachute Creek Member. The It-B zone is 
composed of rich oil shales and some marlstones. 
Water production during drilling began increasing signi-
ficantly new a depth of 1,240 feet. At this depth, 
dissolution features became prevalent. 

Beginning at a depth of 1,300 feet groundwater produc-
tion quickly reached maximum values approaching 
600 gpm. The total fracture histogram shows that the 
interval from 1,290 feet to 1,310 feet is highly frac- 
tured. Furthermore, this interval contains numerous 
vugs. The specific conductance log shows increases in 
conductivity indicating the inflow of poorer quality 
water. 

The final zone of hydrologic interest is the lower 
Mahogany zone and the B-groove from a depth of about 
1,520 feet to about 1,600 feet. This zone is charac-
terized by large numbers of fractures and dissolution 
features. With the upper aquifer cased off, ground-
water production increased to a maximum of about 
150 gpm. 

Figure 2 summarizes the hydrologic implications. From 
the standpoint of a mining operation in the vicinity of 
the Mahogany zone, water production zones number 2 
and 3 become very important. 

Conclusions 

Daub concluded that: 

• The rock quality generally degrades with depth 
to the dissolution surface. 

• The leached zone extends up through the Maho-
gany zone into the upper It-B zone. 

• The leached zone reflects the poor rock quality 
that Is present in the Parachute Creek Member 
in the central Piceance Creek Basin. 

• A perched fresh water aquifer is located on a 
marlstone aquitard in the Uinta Formation, at 
an approximate depth of 400 feet. 

• The occurrence and movement of ground water 
in the central Piceance Creek Basin is con-
trolled or greatly Influenced by dissolution fea-

tures and fractured rock which are present 
throughout the leached zone. 

• The fractures, and the numerous dissolution 
features create very low rock competency in 
the Parachute Creek Member of the Green 
Rivet Formation (from the dissolution surface 
up). 

• The large quantities of ground water coupled 
with the poor rock quality make conventional 
underground mining of the leached zone im-
practical. However, the saline zone lends itself 
to both solution and conventional underground 
mining operations.

ll## 
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RECENT OIL SHALE PUBLICATIONS/ PATENTS 

Cook, E. F., at al, "Semi-Arid Ecosystem Development as a Function of Resource Processing and Allocation," 
Colorado State University, February 1985. 

Cooney, David 0., at al, "Scrubbing Research Related to Acid-Gas Removal from Oil Shale Retort Gas Streams" and 
"Design and Construction of a Pilot Scale Hot Gas Stripping Unit," Morgantown Energy Technology Center, October 
1984. 

Cooney, John V., et al, "Mechanisms of Synfuel Degradation and Examination of Shale-Derived Polar Fractions and 
Their Effects on the Storage Stability of a Shale Diesel Fuel," Naval Research Laboratory, 1985. 

Cronauer, Donald C., "Novel Techniques for the Denitrogenation of Shale Oil," Gulf Research and Development 
Company, February 1985. 

Dick, R. D., at al, "Explosive Engineering Problems from Fragmentation Tests in Oil Shale at the Anvil Points Mine, 
Colorado," Los Alamos National Laboratory, 1985. 

"Energy Technology Policy," International Energy Agency, OCDE/OECD, Paris, 1985. 

Fish, Richard H., "Metal Coordination Chemistry: Removal and Recovery of Metal Compounds from Heavy Crude 
and Shale Oil with Multidentate Ligands," Lawrence Berkeley Laboratory, June 1985. 

Gardiner, Thomas J., at al, "Environmental Assessment of the DX In Situ Oil Shale Project and Potential 
Commercial Scale Development," Harmsworth Associates, January 1985. 

Lewis, A.E., "Oil Shale Project Quarterly Report," Lawrence Livermore National Laboratory, May 1985. 

"Kemmerer Resource Management Plan, Draft Environmental Impact Statement." 

McLendon, T., "Combustion Retorting of Oil Shale at Low Void Volumes," Morgantown Energy Technology Center, 
1985. 

Parrish, R. Leon, "Experiment Plan Sandia Oil Shale Rock Fragmentation Research Program," Sandia National 
Laboratories, April 1985. 

Reeder, R., at al, "Study of Oil Shale, Hydrocarbon, and Tar Sand Mining, Task 3, Mine Planning and Design," 
Colorado School of Mines, November 1984. 

Ropchan, D. M., at al, "Study of Oil Shale, Hydrocarbon, and Tar Sand Mining," Colorado School of Mines, November 
1984. 

Sinks, Donna J., "Geologic Influences on the In Situ Processing of Tar Sand at the Northwest Asphalt Ridge Deposit, 
Utah," Western Research Institute, January 1985. 

Schmitt, G. G., at al, "Use of CORRTEX to Measure Explosive Performance and Stem Behavior in Oil SHale 
Fragmentation Tests," Los Alamos National Laboratory, 1985. 

Solash, J., at al, "The Reaction of Western United States Oil Shale Kerogen with Phenol," Marcel Dekker Inc., 1985. 

Steadman, W. J., at at, "Development of the Multi-Solid Fluidized Bed Oil Shale Retort," Battelle Columbus 
Laboratories, November 1984. 

Tyner, Craig E., at al, "Oil Shale Pilot Retorting Experiment Summary: Block Permeability Contrast Run 41," Sandia 
National Laboratories, March 1985. 

United States Department of the Interior, "Grand Junction Resource Area," March 1985. 

University of Wyoming Research Corporation, "Effects of Complexometric Compounds Found in Liquid and Solid Oil 
Shale Waste Products on Release of Chemical Elements from Retorted Shale," May 1985. 

University of Wyoming Research Corporation, "Leach Potential of Codisposed Spent Oil Shale and Retort Water 
Using Two Extraction Methods," May 1985. 

University of Wyoming Research Corporation, "Retorting Oil Shale with Zones of Contrasting Permeability Runs S76 
and 577," May 1985.
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Wang, Z. H., at al, "Study of Oil Shale, Hydrocarbon, and Tar Sand Mining, Task 2, Ground Control," Colorado School 
of Mines, November 1994. 

SHALE - PATENTS 

"Process for Heating Solids in a Transfer Line," Henry C. McMath and Gary K. Stenerson - Inventors, Exxon 
Research and Engineering Company, United States Patent 4,514,168, April 30, 1985. Oil shale, coal, inert heat 
transfer material and other carbon-containing solids of varying sizes are preheated with a gas in a transfer line by 
first separating the solids into a plurality of size fractions and then separately introducing the size fractions into the 
transfer line at pre-determined distances from the transfer line inlet. The pre-determined distances are inversely 
related to the size of the particles comprising each fraction of solids so that the fraction of solids containing the 
smallest particles is introduced at a point furthest away from the transfer line inlet. Normally, solids withdrawn 
from the transfer line will have been heated to a temperature below which any liquids or gases evolve and are ready 
for further processing in downstream conversion units such as oil shale retorts, coal gasifiers, and the like. 

"Process for Retorting Oil Shale with Fluidized Retorting of Shale Fines," Roland F. Deering - Inventor, Union Oil 
Company of California, United States Patent May 7, 1985. Hot particles removed from a retort, preferably retort-
sized particles of oil shale removed from a retort operating at superatmospheric pressure, are crushed and fed to a 
fluidized surge zone maintained under non-oxidizing conditions at substantially the pressure of the retort to forestall 
escape of retort gases. Raw fines are introduced into the surge zone and retorted without agglomeration by heat 
transferred from the hot retorted particles and/or a heated fluidizing gas stream to educe hydrocarbonaceous 
vapors. Educed vapors are scrubbed, condensed and separated into liquid and gaseous product streams, a portion of 
the latter being recycled to provide fluidizing process gas streams. 

"Catalytic Dewaxing Using Collapsed Large Pore Zeolites," Ian A. Cody - Inventor, Exxon Research and Engineering 
Company, United States Patent 4,515,681, May 7, 1985. It has been discovered that the pour point and wax content 
of waxy hydrocarbon oils, either natural or derived from synthetic sources such as tar sands, shale oil, etc., 
preferably natural waxy petroleum oils, most preferably waxy lube, transformer, specialty oils and waxy fuels such 
as kerosene or Jet fuel, can be effectively reduced under standard catalytic dewaxing conditions using a 
aluminosilicate catalyst with very low crystallinity (VLC), as measured by X-Ray diffraction. These VLC materials 
are derived from crystalline aluminosilicate zeolites which will not themselves reduce the pour point and wax 
content of waxy oils by the thermal decomposition of said zeolites following their exchange with cations which yield 
hydroxyl groups during the thermal decomposition step. 

"Treatment and Separation of Petroleums and Related Materials," George C. Yeh - Inventor, United States Patent 
4,515,685, May 7, 1985. Herein is disclosed a method and apparatus whereby all petroleums and/or related 
materials, Including natural materials (such as, petroleum gas, crude oils, bitumens, crude oils from oil sands and oil 
shales, tars from sands, etc.), fraction or fractions derived from said natural materials, and refinery streams and 
proucts, are refined and separated to remove their asphaltic constituents (asphaltenes, resins, etc.), and/or non-
hydrocarbon constituents (metals, heteroatoms, etc.), by contacting said petroleums and/or said related materials 
with added asphaltenes, precipitating said constituents together with said added asphaltenes, and than separating the 
mixture of the resultant precipitates and said added asphaltenes to recover an oil (and/or gas) having a reduced 
concentration of said constituents. Said mixture can also be separated to remove Its residual volatile constituents 
to produce asphalts; or it can be treated by a low molecular weight paraffinic solvent to recover asphaltenes, which 
would have numerous potential usages although they have not been available commercially. 

"Carbon Isotope Analysis of Hydrocarbons," John A. Crandall - Inventor, United States Patent 4,517,461, May 14, 
1985. Method and apparatus are provided for analysis of a sample of matter for at least one isotopic constituent of 
the sample. The method involves introduction of a sample containing an isotope of interest Into an analytical 
detector operative to convert the sample into a product analyzable by a mass spectrometer and to detect a property 
of the sample representative of the quantity of at least one of its constituents, and passing the conversion product 
from the detector to a mass spectrometer operative to detect the isotopic ratio of interest The method optionally 
includes passing the sample or a source material through a chromatograph column for separation into suitable 
fractions. The apparatus includes an appropriate analytical detector and a mass spectrometer with optional chroma-
tography column. The method and instrument are particularly suited for analysis of oil-related samples such as 
crude oil fractions, natural gas, soil gas, and oil shale as a tool in oil prospecting. 

"Oil Treatment," Donald 0. Hitzman - Inventor, Phillips Petroleum Company, United States Patent 4,518,489, 
May 21, 1985. Basic nitrogen-containing compounds are removed from mineral oil, such as shale oil, by extraction 
with an immiscible aqueous phase containing an acid gas such as carbon dioxide. Effectiveness of the separation is 
proportional to the partial pressure of the gas. In one embodiment, a waste gas stream is used as the carbon 
dioxide-containing gas. 

"Process for Recovering Carbonaceous and Sulfur-Containing Particles from a Retort," Rick V. Bertram - Inventor, 
Union Oil Company of California, United States Patent 4,519,874, May 28, 1985. A sealing system primarily for use 
with a superatmospheric upf low oil shale retort is comprised of a first and second vertical vessel, with a first sealing 
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screw being employed to transport the particles as a continuous bed from the first to the second vessel, and with a 
second sealing screw to transport the particles from the second vessel to discharge. In the first vessel, shale 
particles are cooled by contact with water, which usually generates noxious gases, such as hydrogen sulfide. These 
noxious gases are removed from the sealing system by the purging action of two sealing gas streams, the first 
scaling gas removing the bulk of the noxious gases from the first vessel, and the second sealing gas removing 
residual noxious gases from the second vessel. The shale particles are discharged to the environment from the 
second sealing screw in a dry condition, with a minimum emission of noxious gases. Also, due to the substantial 
pressure drop resistance offered by the continuous particle bed transported In the sealing screws, the particles are 
depressurized from the superatmospheric pressure of the retort and discharged under essentially atmospheric 
conditions. 

"Treatment of Carbonaceous Shales or Sands to Recover Oil and Pure Carbon as Products," David Cl. Walker - 
Inventor, United States Patent 4,519,894, May 28, 1985. A carbon-containing solid (such as oil shale or tar sand) is 
treated with air in a six-stage vertical shaft to make producer gas, oil, and a pure carbon as products. The top and 
bottom stages of the vertical shaft are fed to preheat the incoming solid and to scavenge sensible heat from the 
processed solid. One stage is a direct retort and makes a gas stream which is a mixture of producer gas and oil. 
Another stage is a gas producer which converts fixed carbon on the solid to carbon monoxide by reaction with air 
and carbon dioxide. A fifth stage preheats incoming air. The sixth stage cools and purifies hot carbon monoxide-
rich producer gas. The oil and producer gas products are made by direct retorting of the solid with air followed by a 
separation step. The pure carbon product is made by separating pure carbon monoxide from the carbon monoxide-
rich producer gas followed by reacting the carbon monoxide to carbon dioxide and the pure carbon product. 

"Zeolite Containing Catalyst Support for Denitrogenation of Oil Feedstocks," Philip J. Angevine, Sadi Mizrahi, 
Stephen M. Oleck, and Robert C. Wilson, Jr. - Inventors, Mobil Corporation, United States Patent 4,519,900, May 28, 
1985. A process for the catalytic denitrogenation of shale oil. The process consists essentially of contacting a 
mixture of hydrogen and shale oil at a hydrogen pressure of from about 500 to 3,000 psig., a temperature of from 
about 6000 to 850°F, and a space velocity of from about 0.1 to 5.0 LUSV with a catalyst consisting essentially of 5 to 
30 weight percent of a zeolite selected from group consisting of zeolite beta, ZSM-5, ZSM-11, ZSM-12, ZSM-23, 
ZSM-35, ZSM-38, and ZSM-48, 95 to 70 percent of alumina, based on alumina plus zeolite, and an active 
hydrogenation component. 

"Process for Improving Quality of Pyrolysis Oil from Oil Shales and Tar Sands," Robert J. Klett, Byron G. Spars, and 
P. Henrik Waltman - Inventors, Chevron Research Company, United States Patent 4,521,292, June 4, 1985. A 
process for retorting hydrocarbonaceous solid selected from the group consisting of oil shale and tar sand to recover 
pyrolysis oil of a lower average molecular weight and containing less contamination which comprises: (a) mixing 
particulate raw hydrocarbonaceous solid with a particulate heat transfer material to raise the raw hydrocarbona-
ceous solid to a temperature sufficient to pyrolyze the hydrocarbonaceous fraction; (b) pyrolyzing the hydrocarbona-
ceous fraction in a vertical retorting vessel by retaining the mixture of raw hydrocarbonaceous solid and hot 
particulate heat transfer material therein for a time sufficient to decompose a significant amount of hydrocarbona-
ceous fraction to form hydrocarbon vapors; (c) passing a stripping gas through the mixture of hydroearbonaceous 
solids and heat transfer material at a velocity sufficient to significantly lower the dew point of the evolved 
hydrocarbon vapors; (d) recovering as pyrolysis products from the raw hydrocarbonaceous solid contaminated hydro-
carbon vapors and a mixture of hot pyrolyzed solids and heat transfer material (e) condensing from said hydrocarbon 
vapors at a temperature of between 550° and 680°F a high boiling fraction containing concentrated contaminants, 
said high boiling fraction being comprised of at least 90 percent hydrocarbons having a boiling point above 850°F; (0 
contacting the contaminated high boiling hydrocarbon fraction with the hot mixture of pyrolyzed solids and heat 
transfer material so as to thermally crack the high boiling fraction and to deposit the contaminants along with coke 
on the mixture of particles; and (g) withdrawing a product oil vapor of a lower average molecular weight and having 
substantially reduced contamination. 

"Oil Recovery," Theodore M. Classen and James Scinta - Inventors, United States Patent 4,521,293, June 4, 1985. A 
process for the recovery of hydrocarbons from oil shale comprising the steps of: (1) heating oil shale to a 
temperature of at least about 200°C and at a low to moderate pressure ranging from atmospheric to 200 psia in the 
absence of a solvent or diluent to effect at least partial decomposition of the kerogen and the release of a 
significant portion of the hydrocarbons from the oil shale, (2) contacting the heated oil shale in a countercurrent 
manner with a hydrocarbon solvent comprising alkanes and cycloalkanes having from 4 to 10 carbon atoms and 
aromatic compounds selected from benzene, toluene, xylene, naphthalene, substituted forms thereof, and mixtures 
thereof at a pressure from about atmospheric to about 500 psia and a temperature in the range of from about 10(1 to 
about 300°F (38° to 150°C) for about 10 to 300 minutes to yield a hydrocarbon extract, and (3) hydrotreating the 
hydrocarbon extract of step (2) under supercritical solvent conditions. 

"Catalytic Conversion of Shale Oil," Philip J. Angevine, Gunter H. Kuhl, and Sadi Mizrahi - Inventors, Mobil 
Corporation, United States Patent 4,521,297, June 4, 1995. The invention provides a process of converting shale oil 
fractions with the catalyst made by beginning the synthesis in the usual way and adding additional trivalent metal 
ion after crystallization is 20 to 90 percent complete and continuing the crystallization, whereby a zeolite having 
the same crystal structure throughout, but having different silica-to-alumina molar ratios in the inner core and 
outer shell is obtained.
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"Method and Apparatus for Controlling the Heating Effect of High Temperature Gases to be Supplied to a Heat 
Exchanger," Heinz Haacker and Frohmut Vollhardt (both of West Germany) - Inventors, MAN Masáhinenfabrik 
Augsburgg Nurnberg AG, United States Patent 4,522,155, June 11, 1985. A method of controlling the heating effect 
of high temperature gases such as gases obtained in the partial oxidation of oil asphalt, oil shale, or coal and the like 
which are to be used for the heating of another media such as for superheating steam comprises passing the high 
temperature gases into a space on the way to the heating of the media and circulating a heat absorbing media such 
as water Into the space in quantities to have a selected heat exchange with the high temperature gases and control 
the temperature thereof on its way to its use in a heat exchagner or superheater. The apparatus includes a vessel 
which is connected between a superheater and a steam producing gas cooler which has an inlet for the high 
temperature gases which are circulated through the vessel through tubes on its way to the superheater which is 
disposed over the vessel and advantageously connected to it. The temperature of the high temperature gases which 
are circulated through the vessel is controlled by the selected admission of an additional heat absorption media such 
as water into the vessel which may be carried out to the point where the water encompasses the tubes and provides 
a cooling effect thereon. 

"Method for Fracturing of Oil Shale," Markin Chan and Teh F. Yen - Inventors, University of Southern California, 
United States Patent 4,522,265, June 11, 1985. Oil shale, particularly shale having high organic content and/or 
shallow burial, is fractured by contact with an amino compound, exemplified by ammonia and hydrazine. 

"Apparatus for Recovery of Retorted Shale from an Oil Shale Retorting Process,"- Roland F. Deering and John H. 
Duir - Inventors, Union Oil Company of California, United States Patent 4,523,979, June 18, 1985. Retorted shale 
particles are recovered from a retort and delivered to a gas lift for transport to a fluidized combustor by passage, 
serially, through a sealing vessel, a crusher preferably operating at retort pressure, and a surge vessel. In the 
sealing vessel, a sealing gas is introduced, and after commingling with the shale, the gas passes countercurrenuy to 
the shale and enters the retort, thus sealing the retort gases in the retort while separating the retorted shale from 
the retort gases. Retorted shale from the sealing vessel is transproted to a crusher, wherein the shale is reduced in 
size to that suitable for combustion under fluidized conditions. To prevent the crushed shale from packing, the shale 
Is passed to a surge vessel, wherein the crushed shale is held as a fluidized bed, from which the crushed shale is 
continuously withdrawn at a regulated rate and introduced into the gas lift leading to the fluidized combustor. 

"Method of Heating an Oil Shale Formation," Kerry D. Savage - Inventor, Texaco Inc., United States Patent 
4,524,826, June 25, 1985. A method of heating an oil shale formation to produce shale oil includes radiating RP 
energy into the oil shale formation for a predetermined first time interval from a first borehole which penetrates 
said oil shale formation. Shale oil is produced when available during said first time Interval from a second borehole 
penetrating said oil shale formation which is a pre-determined distance from the first borehole. During a pre-
determined second time interval, RF energy is again radiated into the oil shale formation from the second borehole 
while shale oil is produced from the first borehole during the second time interval. 

"Hydrocarbon Conversion Method," John J. Helstrom, John A. Mahoney, and Regis J. Pellet - Inventors, Standard Oil 
Company (Indiana), United States Patent 4,526,675, July 2, 1985. A method for recovering upgraded liquid products 
by the hydroconversion of coal, coke, lignite, petroleum fractions, biomass, tar sands bitumen, and shale oil Is 
disclosed. In particular, the catalyst composition employed consists of a group VIE metal components and a highly 
dispersed tin component. 

"Deep Well Process for Slurry Pick-Up in Hydraulic Borehole Mining Devices," Duane C. Uhri - Inventor, Mobil 
Corporation, United States Patent 4,527,836, July 9, 1985. A hydraulic borehole mining method and device used to 
recover subterranean coal, oil shale, and other minerals from depths exceeding 1,500 feet where a gas lift is utilized 
to lift the mined slurry to the surface. 

"Oil Shale Beneficiatlon by Size Reduction Combined with Heavy Media Separation," Tien Fung Tsui - Inventor, 
Mobil Corporation, United States Patent 4,528,090, July 9, 1985. This invention discloses a method of enriching raw 
oil shale by crushing and pulverizing raw oil shale or similar oil bearing materials into smaller, lean oil particles and 
larger, oil rich particles; floating the larger oil rich particles in a heavy media organic liquid which causes the oil 
rich lighter particles to float on the surface and causes the heavier, mineral containing particles to sink. The 
floating larger, oil rich particles thus obtained contain increased percentages of oil bearing constituents. 

"Disposal of Spent Oil Shale and Other Materials," Adrian Brown, David B. McWhorter, and George H. Watson - 
Inventors, Standard Oil Company (Indiana), United States Patent 4,529,497, July 16, 1985. A process is provided for 
retorting synthetic fuels, such as oil shale, and disposing of the tailings in an environmentally acceptable manner. In 
the process, raw synthetic fuels are retorted in a surface retort to produce synthetic oil. The synthetic oil is 
dedusted and upgraded. The retorted synthetic fuels can be combusted and moisturized to generate heat for the 
retort, produce steam, and facilitate handling of the residual waste material (tailings). A disposal site of spent 
synthetic fuels, spent upgrading catalyst, dust, and/or other material is formed with vapor breaks at one or more 
levels in the pile. Air is passed through the vapor breaks to evaporate leachate rather than permitting the leachate 
to carry pollutants from the pile into the ground and surrounding bodies of water. 
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LISTING OF STATUS UPDATES OF 
OIL SHALE PROJECTS 

The following list provides updated descriptions of projects whose status have 
changed during this quarter. 

If the status of a project has not changed this quarter, only the project name 
and sponsor(s) are provided. The most recent description of each of these 
projects is referenced by identifying the appropriate date and page number of a 
previous issue. 

Complete descriptions of all active projects will be provided in the March 1986 
issue.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS 

AMERICAN SYN-CRUDE/INDIANA PROJECT - American Syn-Crude Corporation and Stone & Webster Engineer-
ing (S-5) 

(see the March 1985 issue, page 2-64) 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc., and Tenneco 
Shale Oil Company (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 between Occidental Oil Shale, Inc., and Tenneco Shale 
Oil Company, doing business as Cathedral Bluffs Shale Oil Company. A modified detailed development plan 
for a 51,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved In 
April 1977. The EPA issued a conditional Prevention of Significant Deterioration (PSD) permit in December 
1977 which was amended in 1983. 
Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil 
prices, and high interest rates. the project sponsors applied to the United States Synthetic Fuels Corporation 
(SFC) under the third solicitation in January 1983 and the project was advanced into Phase II negotiations for 
financial assistance. On July 28, 1983 the SFC announced it had signed a letter of intent to provide up to 
$2.19 billion in loan and price guarantees to the project. The SFC Board released a Business Plan in early 1985 
and the project is being reviewed in light of that plan. 
A "first draft" of the project's detailed development plan was submitted to the Bureau of Land Management 
Oil Shale Projects Office and other agencies in February 1984. Draft revisions are being planned. 
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. 
Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES 
permit Environmental monitoring has continued since completion of the two-year baseline period (1974-1976). 

Project Cost:	 Not Disclosed 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (T55, R98W, 
6PM) (S-20) 

(see the March 1985 issue, page 2-64) 

COLONY SHALE OIL PROJECT — Exxon Company USA (TSS, R95W, 6PM) (S-30) 
(see the March 1985 issue, page 2-65) 

CONDOR PROJECT - Central Pacific Minerals - 50 percent; Southern Pacific Petroleum - 50 percent (5-31) 
Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on 
June 30, 1984 of the Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study 
support a conclusion that a development of the Condor oil shale deposit would be feasible under the 
assumptions incorporated in the study. Further investigations 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 consist of the Japan National Oil 
Corporation and 40 major Japanese companies. The 28 month study was conducted by an engineering team 
staffed equally by the Japanese and Australian participants and supported by independent international 
contractors and engineers. 
From a range of alternatives considered, a project configuration producing 26.7 million 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 $U52,300 million and an annual average operating cost of $US265 million at full production, 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1985) 

COMMERCIAL PROJECTS (Continued) 

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 progressive build-up to full 
production in three further stages at two-year intervals. 

Under the terms of the 1981 agreement, JAOSCO had the exclusive right to negotiate an agreement with 
SPP/CPM for the next stage of development. Preliminary talks have commenced for this purpose. 

Specific areas of the Joint Study included: 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 mil-
lion barrels of oil in situ, measured at a cut-off grade of 50 liters per ton on a dry basis. The case study 
project would utilize only 600 million barrels, over a nominal 32 year life. The deposit Is amenable to open pit 
mining by large-face shovels, feeding to trucks and in-pit breakers, and then by conveyor to surface stockpiles. 
Spent shale is returned by conveyor Initially to surface dumps, and later back into the pit. 

Following a survey of available retorting technologies, several proprietary processes were selected for detailed 
investigation. Pilot plant trials enabled detailed engineering schemes to be developed for each process. Pilot 
plant testing of Condor oil shale indicated promising results from the "fines" process owned by Lurgi GmbH of 
Frankfurt, West Germany. Their proposal envisages four retort modules, each processing 50,000 tons per day 
of shale, to give a total capacity of 200,000 tons per day and a sweet shale oil output, after upgrading, of 
82,100 barrels per day. 

Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 
41,000 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, work-
force accommodation, 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 environmental 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 pro-
duction, 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 $US4 per barrel over Arabian Light crude. miss a selling price of about $11533 FOB Mackay was 
assumed. Average cash operating cost at full production is estimated at $11520 per barrel of which more than 
$US9 per barrel represents corporation taxes and royalty. Capital costs were estimated to an accuracy of 
+/- 25 percent, mainly by independent international engineering companies. Of the total estimated capital 
costs of $US2,300 million, almost $US1,700 million is accounted for equally by the three major elements—min-
ing, retorting, and upgrading. The remainder coven supporting plant, infrastructure, administration, and 
various allowances and contingencies. 

SPP/CPM stress that all figures are subject to change after the Joint Venturers have had the opportunity to 
review the final study results. 

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 developing oil shale processing technology. Under the agreement, SPP/CPM mined 
39,000 tons of oil shale between August and November, 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 Towensville and shipped to Japan on December 
12, 1984. 

Project Cost:	 $2.3 billion (mid-1983 U.S. dollars)

- 
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COMMERCIAL PROJECTS (ContinueW 

EDWARDS ENGINEERING - Edwards Engineering Corporation (S-33) 

Edwards Engineering Corporation is proposing a project to be located in Utah or Colorado (Green River, 
Piceance, Uintah, Sand Wash, or Washakie Basins) to produce an unspecified amount of oil from shale using the 
Edwards Anaerobic Metal Surface Retort with heat recovery, a completely new patented retorting process. 
Development work Is continuing at Edwards' expense on the further improvement of the Edwards retort, which 
the project representatives feel possesses very favorable features. The recent operation of the pilot plant has 
proven that the many desirable features of the Edwards retort are reab low capital cost, a high quality product 
(API gravity 25-260, pour point 25° to 45°F) no air pollution, heat recovery system resulting in low energy cost, 
no water required. Continueddevelopment work and test runs by Edwards on the? ilot plant have been carried 
out successfully. The process has turned out to be more promisir than originall anticipated. Heat transfer 
rates and production have also been better than anticipated. As a consequence 1 a small commercial retort 
producing 1,000 to 2,000 barrels of oil per day could o?erate profitably at present oil prices. The process can 
readily be scaled upward in capacity. The next step as the erection of a commercial installation. Edwards 
intends to continue work on the process. Patents have been granted on the process and additional patents are 
pending. Edwards will discuss the use of the process with any company exhibiting a qualified serious interest 
in a small commercial project. A new proposal was submitted to the SFC for evaluation under the fourth 
general solicitation that closed June 29, 1984. 

Project Cost:	 Not Disclosed 

GARY REFINERY -- Gary Refining Company (5-35) 

(see the June 1985 issue, page 2-57) 

KIVITER PROCESS - Union of Soviet Socialist Republics (S-38) 
(see the March 1985 issue, page 2-67) 

MEANS OIL SHALE PROJECT - Central Pacific Minerals, Dravo Corporation, and Southern Pacific Petroleum 
(S-36)

(see the March 1985 issue, page 2-67) 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (T6S, R95W, 6PM) (5-40) 

(see the June 1985 issue, page 2-57) 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (5-55) 
During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco Including three major 
deposits at Tlmandit, Tangier, and Tarfaya from which the name T 3 for the Moroccan oil shale retorting 
process was derived. 

In February 1982, the Moroccan Government concluded a $4.5 billion, three phase Joint venture contract with 
Royal Dutch/Shell for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day 
plant. However, the project faces constraints of lower oil prices and the relatively low grade of oil shale. No 
significant activity is underway except the resource evaluation 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 T3 process. More than a dozen single retort tests have been conducted so far to Drove the process 

aevetopea 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 
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COMMERCIAL PROJECTS (Continued) 

operation Is completed in 1985. A commercial scale mine development study at Tlmandit Is being conducted 
by Morrison-Knudsen. 

The T3 process will be used in conjunction with other continuous processes in Morocco; In 1981/1982, Science 
Applications, Inc., conducted for ONAREP an extensive process option studies based on all major processes 
available in the United States and abroad and made a recommendation In several categories based on the 
results from the economic analysis. An oil-shale laboratory 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, Sohio -60 percent, and Superior -20 percent (T6S, R98W, 6PM) 
(S-60)

(see the March 1985 Issue, page 2-69) 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL 76 (S-70) 

Unocal owns 30,000 acres of land in the Parachute Creek area In northwestern Colorado. This includes 
20,000 acres of oil shale resource land. These lands contain about 1.6 billion barrels of recoverable oil in the 
high yield mahogany zone alone. Construction was completed in August 1983 on Phase I, a 10,000 barrel per 
day facility which will be the first commercial shale oil facility in the United States. Daniel Construction was 
the prime contractor. 

The room and pillar mine includes a facilities area complete with change rooms, offices, a warehouse, shale 
crushers, and a huge storage gallery. The retort bench is located just outside the mine entrances, with the oil 
travelling about 10 miles by pipeline to the upgrading facility. 

Commissioning of all facilities began in August 1983. The mine and upgrader are ready for production. As of 
August 1985, the Unishale "B" indirect retort is still undergoing commissioning. Modifications have been made 
to the scraper, which moves retorted shale into the cooling system, and the cooling system itself. The "B" 
retort is a modification of the direct-heated rock pump retort which was field tested in the late 1950s by a 
demonstration plant at Parachute. As much as 800 barrels of shale oil was produced per day. 

Commencing with syncrude production, Unocal has a ten year commercial contract with the Department of 
Defense (DOD) which is administered by the United States Synthetic Fuels Corporation (SFC). Unocal will 
supply the DOD with 10,000 barrels per day of military diesel and jet fuel. During the first seven years, the 
contract price to the DOD will be the market price. If this is below the floor price of $42.50 per barrel, 
indexed for inflation, Unocal will receive a payment equal to the difference. The price support contract 
ceiling is $400 million. 

Project Cost:	 Approximately $650 million (Phase I) 

PARAHO-UTE SHALE OIL FACILITY - Paraho Development Corporation; Raymond Kaiser Engineers, Inc.; The 
Signal Companies; Texas Eastern Synfuels, Inc. (T95,R25E, Sec. 32, SLM) (S-80) 

(see the March 1985 issue, page 2-69) 

PETROSIX - Petrobras (Petroleo 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 L!50 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:	 16	 (Us) Million 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. (S-95) 

(see the June 1985 issue, page 2-58)
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COMMERCIAL PROJECTS (Continued) 

RIO BIJANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company: Gulf Oil Company and Standard Oil Company 
(Indiana) (T2S, R99W, 6PM) (S-ba) 

(see the March 1985 issue, page 2-70) 

RUN DLE PROJECT - Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and 
Production Australia (50 percent) (S-lie) 

The Rundle Oil Shale deposit is located new Gladstone in Queensland, Australia. In April 1981, construction of 
a multi-module commercial scale facility was shelved due to economic and technical uncertainties. 
Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to 
spend A$30 million on an initial 3 year work program that would resolve technical difficulties to allow a more 
precise evaluation of the economics of 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 September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of 
shale feed was estimated to cost $645 million (US). The total project (27 million barrels per year from 
125,000 tons per day of shale feed) was estimated to cost $2.65 billion (US). 
In October 1984 SPP/CPM and Esso announced that they have commenced discussions about possible 
amendments to the Rundle Joint Venture Agreement signed in 1982. Those discussions were completed by 
March 1985. Revisions to the Joint Venture Agreement now provide for: 

S Payment by Esso to SPP/CPM of A$30 million in 1985 and A$12.5 (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 will approach A$ia million. 
• Esso funding all work program expenditures for a maximum of 10 years, and possible funding of 

SPP/CPM's share of subsequent development expenditures. If Esso provides disproportionate funding, 
it would be entitled to additional offtake to cover that funding. 

Project Cost: See above 

SEEP RIDGE - Geokinetics, Inc., Peter Kiewit Sons', Inc., and United States Department of Energy (T14S, R22E, 
Sec. 2, SLM) (5-113) 

Geokinetics has been conducting field tests in Ulntah County, Utah to develop horizontal in situ retorting 
technology since 1915. Total production to December 31, 1984 was 136,000 barrels. 
The project is being funded as a cooperative program by the DOE and Geokinetics. During fiscal year 1984, 
the DOE will provide $1.35 million and Geokinetics will provide $675,000. Field work on the project was 
completed in December 1984. 
On August 15, Geokinetics signed an agreement with the Gilbert Shale Oil Company, a subsidiary of Peter 
Kiewit Sons', Inc., to form a joint venture to carry out the Seep Ridge project. 
Under the United States Synthetic Fuels Corporation (SFC) second solicitation that ended June 1, 1982, 
Geokinetics requested both loan and price guarantees for two projects in Uintah County, Utah. The Wolf Den 
project would utilize Geokinetic's true in situ technology to produce 3,500 barrels per day of shale oil. The 
Agency Draw project would employ Tosco II surface retorting to produce 16,000 barrels per day of shale oil. 
Neither proposed project passed the SEC's project maturity tests due to lack of equity sponsors. 
At the SEC third solicitation that ended January 10, 1983 Geokinetics requested loan and price guarantees for 
a new 1 100 barrels per day project, Seep Ridge (a scale-down of the Wolf Den project). Seep Ridge is 
designe to take advantage of the developed test site at Kamp Kerogen. Geokinetics will use Its LOFRECO 
retorting process. Seep Ridge passed the SFC maturity tests and project strength evaluation, and on June 22, 
1984 the SEC signed a letter of intent for the project for uptoJ4million in financial assistance. On 

2-47	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1985) 

COMMERCIAL PROJECTS (Continued) 

Project Cost:	 DOE cost-sharing contract valued at $20 million 

Project Cost: See above 

TOSCO SAND WASH PROJECT - Tosco Corporation (T95, R2IE, SCM) (S-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, 
Utah. A State-approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has 
been completed. On-site environmental assessments have been completed and applications for right-of-way 
permits for roads, water pipeline, Inter-block conveyors, power lines, underground mine access tunnels and 

-product pipeline were submitted to Bureau of Land Management in April 1981. Final EIS for the project was 
Issued on February 1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air quality 
permit was approved in March 1983. All permits for commencement of construction of the first mine shaft 
have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and 
related facilities. Construction 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 TPD 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 TPD 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) 

WHITE RIVER SHALE PROJECT - Phillips, Sohio, and Sun (TI, R24E, SLM) (5-130) 
(see the March 1985 issue, page 2-72)

R&D PROJECTS 

BAYTOWN PILOT PLANT - Exxon Research and Engineering (5-135) 
- During 1984 a $14 million pilot plant to test the recovery of oil from shale began operation at Baytown, Texas. 

The pilot program follows several years of research aimed at developing a more efficient, lower-cost method 
of retorting shale. It uses 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 Is testing Exxon's retorting 
process on different shales under a wide range of conditions. 

Project Cost:	 See above 

COTTONWOOD WASH PROJECT - American Mine Service, Cives Corporation, Deseret Generation and Transmis-
sion Cooperative, Foster Wheeler Corporation, Davy McKee, and Magic Circle Energy Corporation (S-140) 

(see the March 1985 issue, page 2-73) 

°GELSENKIRCHEN-SC}IOLvEN CYCLONE RETORT PROJECT -- Veba Oel Entwicklungs-Gesellschaft mbH (S-165) 
Veba is developing a cyclone retorting process. They are building a pilot plant at Gelsenkirchen-scholven. 
This program is subsidized by the German government. 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. Plant startup is scheduled for early 1985. 

Project Cost:	 Not Disclosed
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GEOKINETICS, INC. - (see Seep Ridge) 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 

(see the March 1985 issue, page 2-74) 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-in) 

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 was set 
for 3 years . and entails expenditures around $11520 million. 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 engineering for two demonstration plants began in late 1984. 

The main goal is to determine the feasibility of oil production by one of the retorting processes that have 
reached an advanced state of development. PAMA has conducted several series of retorting tests utilizing oil 
shale from the Rotem deposit, in pilot plants representing advanced processes. In more than one case, the 
retorting pilots have performed well with Israeli oil shale producing oil and gas at reasonably good efficiencies. 
PAMA plans the construction of a semi-works demonstration plant of sufficient scale for resolving technical 
and economic issues. The size of the demo will fall in the range of 1,000 to 2,000 tons per day of raw oil shale. 
The investment required is estimated at around $11525 to $11530 million. PAMA selected the Paraho 
technology for testing in the demonstration plant. The workplan and schedule call for detailed design and 
construction of the demo plant by March 1987. 

The main goal of the PAMA oil shale combustion program is to develop capability to burn oil shale directly on 
a large scale. They are also studying the feasibility of industrial cogeneration of steam and power for 
factories adjacent to the oil shale deposits. Although PAMA is studying the feasibility of burning Israeli oil 
shale in conventional pulverized flame boilers, work to date indicates that fluid bed combustion suits Israeli 
shale better. 

Several series of combustion tests have been run in pilot plants, in Israel and abroad. One drawback of fluid 
bed combustion lies in the size of the boilers that represent the state-of-the-art today. To develop capability 
to burn oil shale on a large scale, PAMA has concluded that it is necessary to construct a demonstration plant 
delivering 50 to 100 tons per hour of steam. The timetable for this project is identical to that for the retort 
pilot plant. 

The design of the demo plant for direct combustion will be based on data being generated in PAMA's own small 
pilot plant. It was designed for a nominal burning capacity of 1 ton of oil shale per hour. The fluid bed 
combustor is 60 centimeters inside diameter. The pilot plant program aims at large capacities. There is also 
an opportunity for near-term use of commercial boilers to serve industrial customers in the vicinity of the 
shale deposits. There are boilers in the world, mostly fluid bed, which have seen service in combustion of low-
grade coal, and should be suitable for oil shale. PAMA examined two such boilers with encouraging results. 

Project Cost:	 Not disclosed 

JULIA CREEK PROJECT - CSR LIMITED (S-iSO) 

(see the March 1985 issue, page 2-15) 

NAVAL OIL SHALE RESERVE (NOSH) DEVELOPMENT— United States Department of Energy (S-200) 

Naval Oil Shale Reserve (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-i on the east and on the 
south, was established by President Coolidge in 1924. NOSR-1 contains 18 billion barrels of oil shale 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 100,000 barrels per day plant for 70 years. NOSR-3 contains 
essentially no oil shale, and its designation as a reserve was considered necessary to afford working space and 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1985) 

R & D PROJECTS (Continued) 

areas for spent shale disposal during the ultimate anticipated development of NOSR-l. NOSR-2 is an oil shale 
reserve of 90,400 acres located in Carbon and Ulntah Counties, Utah. NOSR-2 has an estimated 4 billion 
barrels of oil shale in place. No estimated 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 1 through 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 (EIS) was issued August 1982. In addition, resource, 
technology, and environmental baseline characterizations have been completed. The program has produced 
over 40 technical reports. 

The Anvil Points Facility, locted on NOSR-3 near Grand Junction, Colorado, has been a testing and research 
facility providing information on facility design, and It has provided sufficient quantities of shale oil for 
laboratory research and refinery tests. After one-half a century in off-and-on operation, the test facility has 
out-lived 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 should begin in the summer of 1985 and completion 
can be expected 18 months from commencement of the work. 

Project Cost: 	 $10 million through September 30, 1984 

• RAPAD SHALE OIL UPGRADING PROJECT --Japanese Ministry of International Trade and Industry (5-205) 

The Research Association for Petroleum Alternatives (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 a two-step 
treating system. 

Research and development work is being conducted on pretreating for the removal of clay minerals by an 
electric desalting system and on demetallizing catalysts. It has been found that a catalyst prepared by 
supporting molybdenum on alumina carrier showed high activity for the removal of arsenic. 
Using fixed-bed type and ebullating-bed type hydrorefining bench-scale plants, catalysts of excellent perfor-
mance were developed, reaction conditions were examined, and product oils were analyzed. The effect of 
arsenic compounds on the life of catalysts, and the effect of admixed sulfur compounds on denitrogenation 
activity were examined. 

A two-step hydrotreating system is under study. For the first stage, an ebullated-bed reactor was employed, 
and shale oil was partially hydrorefined. In the second stage, under conditions of hydrotreating processes 
performed at existing petroleum refineries, mixtures of hydrorefined oil (syncrude) fractions and corresponding 
fractions of petroleum crude oil were hydrotreated. 

Planning is under way for constructing a large bench-scale plant to use in collecting engineering data for the 
ebullated-bed hydrorefining process. 

Project Cost: 	 Not Disclosed 

SYNTANA-UTAH PROJECT - Magic Circle Energy Corporation, Quintana Minerals Corporation, Synthetic Oil 
Corporation (5-210) 

(see the March 1985 issue, page 2-76) 

*TRIAD DONOR SOLVENT PROJECT -- CHEM Systems Research Inc. and Triad Research Inc. (5-215) 

Chem Systems Research Inc. and Triad Research Inc. are 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 ti-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 June 1985) 

K & D PROJECTS (Continued) 

The sponsors are proceeding with design, engineering, procurement, and construction of a pilot plant facility. 

Project Cost:	 Not Disclosed 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Pty. Ltd., Central Oil Shale Pty. Ltd., and Peabody Australia 
Pty. Ltd.) (5-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square 
kilometers adjacent to the small township of Yaamba located 30 kilometers (19 miles) north-northwest of the 
city of Rockhampton, Australia. 

Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale 
in buried Tertiary basins northwest of Rockhampton. Exploration since that time has outlined a shale oil 
resource estimated at more than 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 unconsolidated sands, gravels, 
and clays. 

Partners in the Yaamba Joint Venture are Peabody Australia Pty. Ltd., with 50 percent interest, Central Oil 
Shale Pty. Ltd., with 40 percent interest, and Beloba Pty. Ltd., a fully owned subsidiary of Southern Pacific 
Petroleum N.L. and Central Pacific Minerals N.L., with lOpercent 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 

Project Cost:	 Not disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT-- United Nations (S-230) 

(see the March 1985 issue, page 2-77) 

COMPLETED AND SUSPENDED PROJECTS 

Project	 Sponsors	 Last Appearance in SFR 

Exxon Colorado Shale 	 Exxon Company USA	 March 1985, page 2-73 
Silmon Smith	 Kellogg Corporation	 March 1985, page 2-72 

Shale Energy Corporation of America 
U. S. Shale	 United States Shale Inc.	 March 1985, page 2-72 

(Also see the March 1985 issue, page 2-77)
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STATUS OF OIL SHALE PROJECTS
INDEX OF COMPANY INTEREST 

Company or Organization Project Name £QB! 
American Mine Service Cottonwood Wash Project 2-48 

American Syn-Crude Corporation American Syn-Crude Project 2-43 

Beloba Pty. Ltd. Yaamba Project 2-51 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (c-b) 2-43 

Central Oil Shale Pty. Ltd. Yaamba Project 2-51 

Central Pacific Minerals Condor Project 2-43 
Means Oil Shale Project 2-45 
Rundle Project 2-47 
Yaamba Project 2-51 

Chem Systems Research Inc. Triad Donor Solvent Project 2-50 

Chevron Shale Oil Company Chevron Clear Creek Project 2-43 

Cives Corporation Cottonwood Wash Project 2-48 

Cleveland,-Cliffs Iron Company Pacific Project 2-46 

Conoco Inc. Chevron Clear Creek Project	 . 2-43 

CSR Limited Julia Creek Project 2-49 

Deseret Generation & Transmission Cottonwood Wash Project 2-48 

Dravo Corporation Means Oil Shale Project 2-45 

Edwards Engineering Company Edwards Engineering .	 2-45 

Esso Australia Ltd. Rundle Project 2-47 

Exxon Company USA Colony Shale Oil Project 2-43 

Exxon Research and Engineering Baytown Pilot Plant 2-48 

Foster Wheeler Corporation Cottonwood Wash Project 248 

Gary Refining Company Gary Ref Inery 2-45 

Geokinetics, Inc. Seep Ridge (Wolf Den and Agency Draw Projects) 2-47 

Gulf Oil Company Rio Blanco Oil Shale Project (C-a) 2-47 

Jananese Ministry of International RAPAD Shale Oil Upgrading Project 2-50 Trade and Industry 

Japan Oil Shale Engineering Company Japanese Retorting Processes 2-49 (JOSECO) 

Kiewltt Sons', Inc., Peter Seep Ridge 2-47 

Magic Circle Energy Corporation Cottonwood Wash Project	 - 2-48 
Syntana-Utah Project 2-50 

McKee, Davy Cottonwood Wash Project 2-48 
Mobil Oil Corporation Mobil Parachute Oil Shale Project 	 - 2-45 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-43
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Company or Oanization Project Name 

Office National de Recherche at Morocco Oil Shale Project 2-45 
d'Exploitation Petrolieres 
(ON A RE P) 

PAMA Inc. Israeli Retorting Development 2-58 

Paraho Development Corporation Paraho-Ute Shale Oil Facility 2-58 

Peabody Australia Pty. Ltd. Yaamba Project 2-51 

Petrobras Petrosix 2-46 

Phillips Petroleum Company White giver Shale Project (U-a/b) 2-48 

Quintana Minerals Corporation Syntana-Utah Project 2-50 

Rarnex Synfuels International Ramex Oil Shale Gasification Process 2-46 

Raymond Kaiser Engineers, Inc. Paraho-Ute Shale Oil Facility 2-46 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-41 

Science Applications, Inc. Morocco Oil Shale Project 2-46 

Signal Companies, The Paraho-Ute Shale Oil Facility 2-58 

Southern Pacific Petroleum Condor Project 2-43 
Means Oil Shale Project 2-45 
Rundle Project 2-47 
Yaamba Project 2-51 

Standard Oil Company (Indiana) Rio Blanco Oil Shale Project (C-a) 2-47 

Standard Oil Company (Ohio) Pacific Project 2-46 
White River Shale Project (U-a/b) 2-48 

Stone & Webster Engineering American Syn-Crude Project 2-43 

Sun White River Shale Project (U-a/b) 2-48 

Superior Oil Company Pacific Project 2-46 

Synthetic Oil Corporation Syntana-Utah Shale Oil Facility 2-50 

Tenneco Cathedral Bluffs Project (C-b) 2-43 

Texas Eastern Synfuels, Inc. Paraho-Ute Shale Oil Facility 2-46 

Tosco Corporation Tosco Sand Wash Project 2-48 

Triad Research Inc. Triad Donor Solvent Project 2-50 

Union Oil Company of California Parachute Creek Shale Oil Program 2-46 

Union of Soviet Socialists Republics Kiviter Process 2-45 

U.S. Department of Defense Naval OR Shale Reserve Development 2-49 

U.S. Department of Energy Seep Ridge 2-47 
Naval Oil Shale Reserve Development 2-49 

United Nations Yugoslvania Inclined Modified In Situ Retort 2-51 

Veba Gel Entwicklungs-Gesellschaft Gelsenkirchen-Scholven Cyclone Retort Project 2-48 

Yaamba Joint Venture Yaamba Project 2-51

#088 
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PROJECT ACTIVITIES 

DOME PETROLEUM TO START $158 MILLION 
PROJECT IN LINDBERGH AREA 

Dome Petroleum Limited, Sulpetro Lmited, and CNG 
Producing Company have tiled an application with the 
Alberta Energy Resources Conservation Board for 
development of a commercial crude bitumen project in 
the Lindbergh region, 65 kilometers northwest of Lloyd-
minster, Alberta. 

The commercial project application proposes develop-
ment of five sections of oil sands leases plus up to 150 
additional wells outside the five sections. The develop-
ment is expected to raise area production at Lindbergh 
to the previously announced level of 15,000 barrels per 
day by 1989. Capital expenditures for the five section 
development are estimated at $158 million. 

The project, which could start this fall, will start 
operation on a primary recovery basis. After that, it 
will use a cyclic steam stimulation process to recover 
the bitumen for the remaining 14 years. This is fore-
cast to produce 15 percent of the oil in place. 

The sponsors then will consider other methods at the 
end of the 14 year term to recover more of the oil. The 
new project is an expansion of two existing demonstra-
tion facilities that are capable of producing about 
6,500 barrels per day. Investment in these facilities 
brings the total project cost to $300 million. 

Dome will be the operator of the project. Agreement 
on fiscal terms for the project was reached last fall 
with the Government of Alberta. The proposed project 
is phase one of a potential three-phase project. 

The Lindbergh field contains an estimated 3.5 billion 
barrels of oil in place, of which 60 percent underlies 
Dome-operated lands. 

The project Is expected to provide 265 permanent jobs, 
including 85 existing jobs in the two experimental 
projects. Dome plans to start construction of new 
facilities and drilling in 1985. New facilities will 
include steam generators, water lines, gathering lines, 
and storage facilities. 

Dome's 57.5 percent interest is shared one-eighth by 
the MT partnership consisting of Maligns Resources and 
TCPL Resources. Another interest holder in the pro-
ject is Dome Canada, which Is in the process of earning 
up to 50 percent of Dome Petroleum's interest through 
farm-ins. Sulpetro and CNG each retain 21.25 percent 
in the project. 

ERCB APPROVES ESSO COLD LAKE 
PHASES V AND VI 

Esso Resources Canada Limited (Esso) applied to the 
Alberta Energy Resources Conservation Board (ERCB) 
In January 1985 to proceed with Phases V and VI of the

Cold Lake Project. 

Approval 3950, issued In September 1983, approved the 
eventual production of 25,400 cubic meters per day of 
crude bitumen on the basis of phased development from 
the Cold Lake Project Development Area as shown in 
Figure 1. Esso later received specific approval permit-
ting the production of 6,000 cubic meters per day under 
Phases! through IV. 
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The details of Phases V and VI under the 1985 applica-
tion are summarized as follows: 

• Crude bitumen production rate of 3,000 cubic 
meters per day from six sections of land as 
shown In Figure 1. 

• 280 initial wells to be directionally drilled on 
1.62 hectare spacing in clusters of 20 wells. 

• Production levels to be maintained over the 
project life by developing up to 40 additional 
wells per year. 

• Central plant facilities to be constructed on the 
same site and integrated with the facilities of 
Phases! and II. 

• Fresh make-up water requirements during 
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steady state operating conditions can be met 
within the limits of existing water withdrawal 
licenses from Cold Lake and Ethel Lake. 

• Start-up period to require additional volumes of 
fresh make-up water to be obtained through a 
groundwater diversion system. 

• Additional deep well disposal requirements of 
400 cubic meters per day and additional sulfur 
dioxide emissions of 1.25 tonnes per day. 

• Additional diluent requirements of 1,500 cubic 
meters per day. 

• Construction to begin mid-1985 with plant 
start-up during the second quarter 1986. 

The Board reviewed the details of the program for 
Phases V and Vi and considered two issues of local 
concern: 

• Additional fresh make-up water required during 
the start-up period of Phases V and VI. 

• Changes to the socio-economic impacts. 

Ease currently obtains the necessary amounts of water 
for the operation of the Leming and May-Ethel experi-
mental schemes and Phases I to IV of the Cold Lake 
Project through a combination of recycling all produced 
water from the projects and adding fresh make-up 
water from Cold Lake and Ethel Lake. 

During the start-up period of Phases V and Vi, a total of 
27,225 cubic meters per day of fresh make-up water 
would be required over an eight month period from 
March 1986 to November 1986. 

To meet the additional 7,500 cubic meters per day peak 
water requirements, Esso applied to install a ground-
water supply system. On April 30, 1985 the Controller 
of Water Resources granted Ease a Temporary Permit 
for a groundwater diversion system with a withdrawal 
limit of 1.3 million cubic meters and a termination date 
of December 31, 1986. 

The Board stated that it is satisfied that the Temporary 
Permit is acceptable. 

Ease proposed to begin construction of Phases V and Vi 
by mid-1985 and start-up steam injection operations 
during the second quarter 1986. The construction stage 
would require between 500 and 600 workers at its peak. 

The Board also considered the socio-economic proce-
dures implemented by Esso during the construction of 
Phases! to IV of the Cold Lake Project to be largely 
satisfactory and that a continuation of those for 
Phases V and VI should be acceptable. 

The cost of Phases V and VI is estimated at $200 mil-
lion. 

Production of 19,000 barrels per day from the first 
phases of the Cold Lake operation is scheduled to begin 
this year. All six phases are expected to be in 
operation by the end of 1986, with production of about 
56,700 barrels per day.

Esso accelerated its Cold Lake plans because the con-
struction costs of the first modules proved substantially 
lower than originally estimated. The original schedule 
called for completion in 1990 instead of 1986. 

The total construction costs of all six units is now 
estimated at about $640 million in Canadian dollars as 
compared to an originally estimated $C900 million. 

Earlier this year Ease applied for approval to lay a 
$42 million, 15,000 barrels per day pipeline from Ed-
monton to Sundre, Alberta to ship oil to an Exxon 
Company USA refinery at Billings, Montana. The 
125 mile line is to connect at Sundre with the Range-
land Pipe Line System to Montana. 

ERCB SURVEYS HEAVY OIL, OIL SANDS, 
AND BOB PROJECTS 

The Alberta Energy Resources Conservation Board 
(ERCB) published in April its third comprehensive sur-
vey of experimental pilot projects in the. province of 
Alberta. 

The thirty-one operators which were contacted for this 
survey were those which appeared on the ERCB's list of 
approved experimental projects in January 1985 (see 
Pace Synthetic Fuels Report, June 1985, page 3-9). In 
every case, the operators responded and made a contri-
bution to the compilation. 

There are some instances where this group of pilots in 
this report deviates from the ERCB's active list—not-
ably, in cases where the operator now considers the 
pilot to be terminated although, because their permit 
has not expired, the Board still shows it has active 
status. Three projects which have received ERCB 
approval, Albion (Bonnyville), Canadian Worldwide 
(Charlotte Lake), and Dome (Viking Kinsella) have not 
yet begun operations and are, therefore, not included in 
this survey. 

There have been 15 new projects added since the last 
survey, eleven months ago, for a total of 57. Only four 
projects have ceased operations during the same period. 
They are: 

• Dome—Lindbergh single well steam test (Dome 
still has two other pilots operating in the same 
area and has recently submitted an application 
for a commercial project). 

• Dome—Rlvercourse. 
• Petro-Canada--Kinsella (Petro-Canada has a 

second pilot called Viking-Kinsella B very close 
to the earlier pilot). 

• Union—McLean (Union has two other pilots in 
the same area). 
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The new pilots which were undertaken during the past 
year are: 

AOSTRA—Athabasca (Underground Test Faci-
lity) 
Amoco—GregOire Lake 
Bow Valley—Marie 
Canadian Occidental—Lindbergh 
Chevron—House 
Dome—David 
Dome—Lindbergh "IF' 
Esso—Redwater 
Husky—Morgan 
Norcen—Provost II 
Pan Canadian—Lindbergh I and II 
Petro-Canada--Hangingstone 
Union—Orchid 
Westmin—Llndbergh II 

Data sheets in the report list such items as location, 
partners, process, cost, start-up date, well spacing, 
number of wells, artificial lift methods, geological 
horizon, depth, thickness, permeability, porosity, vis-
cosity, gravity, etc. 

SPC EVALUATING FIVE OIL SANDS/ 
HEAVY OIL PROJECTS 

During the third quarter 1985, the number of oil 
sands/heavy oil projects that the United States Synthe-
tic Fuels Corporation (SFC) Is evaluating Increased 
from one to five. Table, I lists the status of the five oil 
sands/heavy oil projects that are presently negotiating 
with the SFC for financial assistance. 

TABLE I

The other four oil sands/heavy oil projects presently 
under consideration by the SFC are: CEMECH, Inter- 
national Hydrocarbons, PR Spring, and Sunnyside. 
These four projects were submitted in response to the 
SFC's solicitation for projects that utilize mining and 
surface processing of tar sands. As described in the 
article In this issue entitled "SFC Receives Four Re-
sponses To Its Tar Sands Solicitation," the projects will 
now compete for an award. Under the terms of the 
solicitation, the SFC expects to select one (or possibly 
more) of the projects for negotiations in mid-October 
1985. 

The status of all 25 projects (oil shale, oil sands/heavy 
oil, and coal/lignite/peat) that are presently under 
consideration by the SFC are depicted in Figure 1 in a 
separate article in this issue. Refer to the article in 
the General section entitled "Thirteen New Projects 
Apply for SFC Assistance and Five Projects Dropped." 
Figure 2 in the same article shows the status of all 
projects, either active or dropped, that have applied to 
the SFC for financial assistance. 

UI.' 

PR SPRING PROJECT PROPOSED TO SFC 

The PR Spring Tar Sand Project was submitted in 
response to the United States Synthetic Fuels Corpora-
tion's (SFC5) solicitation for mining and surface pro-
cessing tar sands projects. As described in the Public 
Summary, the project is a joint venture of the Solv-Ex 
Corporation, Enercor, and Triad Engineering Services 
Limited. 

The proposed project will be located 65 miles south of 
Vernal, Utah in the PR Spring area near the southern 
rim of the Uintah Basin. A drilling program on the site 
indicates a reserve of approximately 58 million barrels 
of bitumen on approximately 1,600 acres of tar sand ore 
body having an average grade of 7.9 percent by weight. 

Picket 

Forest Hill 
CE ME Cli 
lntnn&Uotii1 

Hydrocarbon 
PR Spring 
Sunnyild.

The facility has been designed to process a tar sand ore 
feed rate of 500 tons per hour for 24 hours per day over 
330 operating days per year. At an average Input grade 
of 8.0 percent by weight bitumen, 5,076 barrels of bitu-
men per operating day will be produced. After a 
portion of the extracted bitumen product is burned in a 
cogeneration stage, 4,663 barrels per operating day of 
synthetic crude oil will be produced for sale. 

The project will require approximately 4 barrels of 
Competitive Tar Saudis	 Proposal Submitted	 water for each barrel of bitumen produced.	 The 
Competitive Tar sands	 Proposal Submitted	 required water rights are available to the project. 

STATUS OF ACTIVE OIL SANUS/HESYT OIL PROJECTS THAT 
APPLIED TO THE SIC FOR ASSISTANCE 

SolIcItatIon	 Status 

Third O.n.r.l 	 Letter of intent Proposed 

Comp.tltiv, Tar Sands 	 Proposal Submitted 

CompetitIve Tar Sands	
Proposal Submitted 

The only project that was carried over from previous 
solicitations is the Forest Hill project that applied 
under the Third General solicitation. On August 21, 
1985 the SFC Board of Directors directed their staff to 
complete negotiations with the project by Septem-
ber 13, 1985. Up to $60 million in loan and price 
guarantees would be provided to the project under the 
terms of the proposed contract. Details of the pro-
posed financial assistance package are explained in this 
issue in the article entitled "Award for Forest Hill 
Project Proposed by SFC."

Waste products from the project include clean spent 
sand (450 tons per hour), clean water (120 tons per hour) 
contained in the sand, spent limestone from the cogen-
eration stage (0.6 tons per hour), and clay extracted 
from the bitumen (2 tons per hour). 

The PR Spring project is included in an Environmental 
Impact Statement (EIS) being prepared by the United 
States Bureau of Land Management (BLM) for the PR 
Spring area. The Utah State Director of the ELM has 
indicated to the project sponsors that the preliminary 
work completed through April 1985 had not surfaced 

-

3-3	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



any major conflicts which would seriously impede the 
development of the project. State and local agencies 
and officials have also been contacted in regards to the 
project. 

Approximately 300 skilled tradesmen will be required to 
build the project, with a maximum on site work force of 
200 during the peak construction period of 1987/1988. 
After start-up of operations, the project will provide 
new jobs for 234 people, 101 In the mining and 133 in 
the operation of the synthetic crude oil production 
facility. The majority of these employees are expected 
to be drawn from the communities of Vernal and 
Roosevelt, Utah where unemployment Is currently ap-
proximately 8 to 9 percent. Employees will be trans-
ported by bus from these communities to the project 
site. 

The project sponsors are requesting a loan guarantee 
from the SFC on a maximum principal balance of 
$138,101,000. A price guarantee of up to $92,46,000 
from the SFC for the first ten years of commercial 
operation was also requested. Thus, the total maximum 
liability of the SFC will be $230,947,000. 

The PR Spring project will now compete with three 
other projects for SFC assistance under the terms of 
the solicitation. If selected, procurement and construc-
tion could commence in May 1987 following completion 
of the detailed engineering. Actual site construction 
could begin In September 1987. Pre-commissioning of 
the plant will begin in January 1989 followed by start-
up in May 1989 and operations in August 1989. 

ONC SUBMITS 5,000 SF0 SUNNYSIDE 
PROJECT FOR SPC ASSISTANCE 

In response to the United States Synthetic Fuels Cor-
poration's (SFC's) solicitation for mining and surface 
extraction tar sands projects, the ONC Tar Sand Cor-
poration submitted a proposal for its Sunnyside Tar 
Sands Project. The project was briefly described In the 
Public Summary submitted to the SFC. 

The proposed project will be located in Carbon County 
in East Central Utah (see Figure 1) near Price. The 
Sunnyside Tar Sands Deposit is about five miles from 
the small town of Sunnyside. The open pit mine will be 
located.on fairly rugged terrain at elevations between 
9,000 and 10,000 feet on Palmas Ridge. The St. 
Mary's/Crosby and Schonlau, at al leases held by ONC 
comprise the most readily accessible properties within 
the deposit for mining. Ore reduction facilities will be 
located at the mine site, and the crushed ore will be 
transported to a processing site near Sunnyside at an 
elevation of 6,800 feet. Major process flows for the 
project are specified in Table I.

TABLE I 

MAJOR PROCESS FLOWS FOR THE 
SUNNYSIDE TAR SANDS PROJECT 

Feed 
Tar Sands Mined, TPY	 4,900,000 

Product 
Bitumen Extracted, BPOD 	 5,618 
Synthetic Crude Produced, BPOD	 5,000 

Water	 - 
Water Required, Cubic Feet/Day	 101,000 

(Water discharged to tailings ponds 
will be recycled) 

Effluents 
Mine Waste, TPD	 14,500 
Spend Sand, TPD	 13,400 

The sponsors expect that the project will be able to 
proceed without the need for a federal Environmental 
Impact Statement (EIS). An NPDES permit for no 
discharge may be sought, but Is not required for plant 
operation. Environmental monitoring was conducted at 
the site in 1982 and 1983. An environmental program 
to define the baseline conditions of the area is planned 
for 1987. Because the product will not differ signifi-
cantly from petroleum, the sponsors believe that a pre-
manufacturing notice under TSCA will not be required. 

The construction work force will peak at approximately 
500 workers in 1988, approximately 450 of whom will be 
skilled. The permanent operating work force is esti- 
mated to be 110, approximately 85 of whom will be 
unskilled. 

Layoffs in the mining industry In Carbon and Emery 
Counties have idled workers with skills suitable for both 
the construction and operating phases of the Sunnyside 
Tar Sands project. Therefore, no permanent influx of 
people Is contemplated due to the project, and during 
construction, the temporary work force may come 
partially from from surrounding areas. However, be-
cause the site is within commutable distance for many 
people in the area, it is not expected that a significnat 
relocation of people will occur during the construction 
period. 

The water requirements for the first 5,000 barrels per 
day module are 1.17 cubic feet per second. Perma 
Corporation owns over 39.22 cubic feet per second in 
the immediate area and has agreed to negotiate to sell 
the required water on a toll basis to the project. 
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FIGURE 1 
LOCATION OF THE SUNNYSIDE TAR SANDS PROJECT 
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The sponsor requested SFC price supports of 
$268,640,000 and a loan guarantee of $183,779,000 
Including nine months interest of $13,889,000 for a 
total support package of $452,419,000. They also 
requested that the loan guarantee roll over into addi-
tional price support as the liability is liquidated. Under 
the terms of the solicitation, the Sunnyside project will 
compete with three other projects for SFC financial 
assistance. The SFC expects to select one or more 
projects for negotiations by mid-October 1985. 

If the project is selected and if negotiations with the 
SFC are successful, the schedule calls for a decision in 
late 1985 to build the 5,000 barrels per day plant. 
Construction would start at the end of the third quarter 
1986 with first production in the first quarter of 1989.

SYC RECEIVES PROPOSAL FOR PROJECT 
UTILIZING CHEMECH ADAPTED SOLVENT 
EXTRACTION PROCESS 

The United States Synthetic Fuels Corporation (SFC) 
received a proposal for the CHEMECH project In re-
sponse to the competitive solicitation for tar sands 
projects that utilize mining and surface processing. 
The Public Summary for the project specifies that the 
extraction plant will be located on 25 acres in north 
Logan County, Kentucky. The site is 10 miles from 
Russellville, Kentucky. The proposed project Is located 
In the same area as the Kentucky Tar Sands Project 
that was sponsored by the Texas Gas Development 
Corporation. 

The plant will process approximately 3,500 tons per day 
of tar sand ore which will be surface mined from 
900 acres to be leased adjacent to the plant site. Three 
process trains will utilize the CHEMECH Adapted Sol-
vent Extraction Process to produce 1,000 barrels per 
day of bitumen. This process has been developed by 
CHEMECH of Bowling Green, Kentucky based on re-
search of different solvent extraction processes. A 
hydrocarbon solvent is used to extract the bitumen 
from crushed tar sand ore. The bitumen and solvent are 
then separated by distillation. The cleaned sand is 
steam stripped to recover the solvent, and is returned 
to the mine for disposal and reclamation. 
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The plant will require approximately 100,000 gallons of 
process water per day, and will discharge approximately 
3,300 tons per day of residue sand. Approximately 
20 percent of the sand will be available for classifying 
and sale, and the remainder will be returned to the 
mining area for disposal. Product oil will be marketed 
both as a refinery feedstock and as asphalt. 

The need for an Environmental Impact Statement is 
now under review with the appropriate officials. Appli-
cations have not yet been made for state and local 
permits. 

A peak construction work force is estimated at about 
95 workers during June 1986. The permanent plant 
operating staff will total about 60, and the mine will 
employ about 25 workers. CHEMECII believes that the 
local socioeconomic impacts will be minimal. 

Under the terms of the solicitation, CHEMECH must 
now compete for SFC financial assistance with three 
other projects. if the project is selected by the SFC, 
the proposed schedule for the CHEMECH project is 
summarized in Table 1.

TABLE 1

PROPOSED SCHEDULE FOR CHEMECII PROJECT 

Resource Acquisition &	 January-February 1986
Engineering 

Permit Acquisition, Vendor 	 March-April 1986
Ordering and Grading 

Commence Construction	 April-September 1986 
Start Up	 September-November 1986 
On Line Plant Operation	 November 1986 

INTERNATIONAL HYDROCARBONS PROJECT 
DOWN-SIZED IN REAPPLICATION TO THE SFC 

International Hydrocarbons Inc., submitted a proposal 
for a 7;000 barrels per day project to the United States 
Synthetic Fuels Corporation (SEC). The project was 
proposed in response to the SFC's solicitation for tar 
sands projects that utilize mining and surface extrac-
tion techniques. 

International Hydrocarbons previously proposed a pro-
ject to produce 40,000 barrels per day of oil under the 
SFC's Fourth General solicitation. They have scaled 
down the proposal to one train which will produce 
7,000 barrels per day of oil, 150 megawatts per day of 
electricity, and 1,200 tons per day of fertilizer. The 
down-sized plant is estimated to cost $450 million. An 
economic analysis of the project Is summarized in 
Table 1.

In addition to the tar sands feed, the one-train demon-
stration module would use approximately 3,000 tons per 
day of coal. The plant would be built at Sunnyside, 
Utah near the Kaiser coal mine. Tar sands are also 
available in this area, and both feedstocks can be 
conveyed to the plant site from the mines. 

The sponsor did not request loan or price guarantees 
from the SFC. Rather, assistance in obtaining a 
procurement contract with the United States Depart-
ment of Defense (DOD) was requested. The proposed 
contract would specify that DOD would purchase a 
total of 7,000 barrels per day of JP-4 jet fuel and 
military-specification diesel fuel (DF-1 and DF-2) at 
current market prices. With this contract, the sponsor 
believes that bonds could be obtained to finance the 
construction of the project. 

TABLE 1 

SUMMARY OF INTERNATIONAL HYDROCARBONS
PROJECT ECONOMICS

(Million Dollars) 

Capital Cost 

Total Cost 450,000 

Operating Cost 

Coal (1,050,000 TPY C $25/Ton 26,250 
350 Days/Year) 

Tar Sands (8,600,000 TPY C $2.20/ton) 12,920 
Other Operating Costs 36,833 

Sub-Total 82,003 

Revenues 

Refined Oil Products (7,000 Barrels/ 104,125 
Day, 350 Days/Year C $42.50/Barrel-
2,450,000 Barrels/Year) 

Electric Power (110 MW C $0.05/KWH) 44,000 
Ammonia (1,200 TPD, 350 Days/Year 84,000 

C $200/Ton) 
Sulfur (34 TPD, 350 Days/Year C $120/Ton) 1,428 

Sub-Total 233,553 
Profit Before Taxes, Principle 151,550 
and Interest

##11 
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CORPORATIONS 

SUNCOR PLANS NEW IN SITU PROJECT 
AT BURNT LAKE 

Suncor Inc. has reached an agreement with Dome 
Petroleum Limited to purchase Dome's rights to earn an 
interest in oil sands leases in 48 sections in the Prim-
rose area of northeastern Alberta. The purchase also 
includes additional petroleum and natural gas rights in 
an adjacent area. The $79 million transaction is subject 
to the consent of Dome's partners and government 
agencies. Suncor plans to proceed quickly to obtain 
approvals and confirm fiscal terms for a 5,000 barrel 
per day project using the in situ steam stimulation 
technology developed at its Fort Kent project, 65 kilo-
meters to the south. Exploration and delineation drill-
ing will be required before proceeding with the project. 
Suncor estimates that oil sands production from the 
48 section block, which they are calling the Burnt Lake 
project, could potentially reach 25,000 barrels per day. 

In its first quarter financial review, Suncor noted that 
earnings for the first quarter of 1985 were down 
$9.9 million or 29 percent from the restated earnings 
for the fourth quarter 1984. The decline was primarily 
due to lower synthetic crude oil production as a result 
of first quarter 1985 operating problems at the Com-
pany's oil sands plant. 

Cold weather and equipment problems in January and 
February reduced synthetic crude oil production 
volumes but by March operations had returned to more 
normal levels. The reduction in earnings caused by this 
shortfall was partially offset by higher synthetic crude 
oil prices due to the lower valued Canadian dollar, and 
lower royalty rates. 

In commenting on the new energy agreement between 
the federal government and Alberta, British Columbia, 
and Saskatchewan announced in March 1985, wherein oil 
prices will be deregulated and a number of federal 
taxes will be dropped, Suncor's chairman stated that in 
the short term, the new agreement will reduce Suncor's 
revenues because of expected lower prices for synthetic 
crude. However, in the long term, the combined impact 
of various elements in the agreement should result in 
Improved cash flow for Suncor. 

IMPERIAL OIL PLANS ON EARNINGS 
GROWTH FROM OIL SANDS 

The chairman of Imperial Oil Ltd., states that its 
greatest earnings growth is expected to come from 
development of oil sands. 

Imperial's Ease Resources is proceeding with a six phase 
commercial steam injection project at Cold Lake. The 
resource base is large enough for another ten phases of 
production, depending on market and economic condi-
tions.

Imperial also has a 25 percent interest in the Syncrude 
project. Syncrude's oil sand reserves could support a 
50 percent Increase in production rate. 

While many oil companies reported substantial declines 
in profits for the first quarter of 1985, Imperial posted 
earnings of $C130 million, a 37 percent increase over 
the same period in 1984. 

AOSTRA CONTINUES TO NEGOTIATE FOR 
DEVELOPMENT OF TACIUK PROCESSOR 

The Taciuk thermal processor for oil sands has been 
under development by UMATAC Industrial Processes 
Division of UML, In cooperation with The Alberta Oil 
Sands Technology and Research Authority (AOSTRA). 
In 1977 development agreements were signed with 
AOSTRA for a pilot plant to be constructed and oper-
ated in Calgary. This plant was completed in early 
1978, and operated during 1979 and 1980 on various 
grades of oil sand feeds. 

During 1981 and 1982 further test work on oil sands 
varying in bitumen content from 6 to 14 percent was 
successfully completed. 

In the period 1983/1984, efforts were concentrated on 
scale-up definition, demonstration and commercial pro-
cessor design and on capital and operating cost compar-
isons relative to processes now in commercial use. 

In 1984, a proposal for a 90 tonne per hour Demonstra-
tion Project was submitted to AOSTRA. AOSTRA 
accepted the proposal in principle and has since been 
engaged in negotiations with potential financial partici-
pants. 

The Taciuk Processor consists of a single, horizontal, 
rotating vessel which Includes individual compartments 
to perform the processing steps required to recover a 
pumpable oil product. For a complete process descrip-
tion see the Pace Synthetic Fuels Report, December 
1984, page 3-13. 

A 1983 economic evaluation by Partec Lavelin showed 
advantages for the Taciuk process compared to Hot 
Water Extraction/Flexicoking, particularly for small 
plants (Table 1) and low-grade ores (Table 2). 

AOSTRA originally agreed to fund at least 50 percent 
of the cost of the demonstration project (estimated at 
$75 million), and hoped to obtain industrial participa-
tion on the basis of 12.5 percent equity shares. In 
August, negotiations were said to be continuing with 
two firms, but it appears likely that AOSTRA will have 
to provide a larger share of funding than planned if the 
project is to go forward. 
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TABLE 1 

COMPARISON BETWEEN TACIUK AND 
HOT WATER/PLEXICOKING 

Large Plant Case	 Small Plant Case 
(78 Million Tons/	 (22 Million Tons/ 

Year of Feed Year of Feed) 
HW/FC Tacluk H—WIPC Taciuk 

Oil Sands Feed Rate (TPCH) 8,904 8,904 2,512 2,512 
Synthetic Crude Production 106,418 119,417 30,015 33,689 

(BMPCD) 
Natural Gas Import (MMSCFD) 13.3 65.73 2.44 16.71 

Constructed Cost (MM$) 3,706 3,641 1,246 t,122 
Construction Cost ($/BPCD) 34,794 30,489 41,476 33,326 

Operating Cost (s/Barrel) 10.90 10.72 14.00 13.75 

DCP 
BOB 

(%) 31.4 36.6 24.2 32.5 

TABLE 2 

YIELD PATTERN VERSUS PEED GRADE
(Weight Percent Bitumen Feed) 

Product	 7%	 11.6%	 14.0% 

C3 &- Gas 8.7 8.7 8.7 
Gross Coke 19.8 17.4 16.1 
C4&+ Oil toHydro- 71.5 73.9 75.2 

treating 

Oil to Hydrotreatlng 25-40 63.5 09.0 
from Hot Water/ 
Plexicoking 

Processor Recovery (%) +100 +16.4 9.0 
Improvement
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GOVERNMENT 
• If cumulative dividends are less than $25 mil-

lion, the project shall have no obligation to 
make payments 

• If cumulative dividends are greater than $25 
million but less than $37.5 million, the project 
shall make payments in an amount equal to 
25 percent of any dividend payment 

• If cumulative dividends are greater than $37.5 
million, the project shall make payments in an 
amount equal to 50 percent of any dividend 
payment. 

Cutoff date-the earlier of December 31, 1987 or 
the date on which the project has achieved average 
gross production during a 60 day period of 
1,400 barrels of production per day. 

Greenwich Oil Company is proposing the project to be 
located in Wood County, Texas which entails modifica-
tion of existing, and installation of additional injection 
and production wells. The proposed project will gro- 
duëe approximately 1,750 barrels per day of 10 API 
crude oil by a fire flooding technique utilizing injection 
of high concentration oxygen. 

#111 

SFC RECEIVES POUR RESPONSES TO ITS 
TAR SANDS SOLICITATION 

By the August 30 closing date, the United States Syn-
thetic Fuels Corporation (SFC) received four responses 
to its solicitation for projects that utilize mining and 
surface processing of tar sands. Brief descriptions of 
the projects are summarized in Table 1. 

On June 24, 1985 the SEC formally Issued its tar sands 
solicitation. The final version of. the solicitation is 
nearly identical to the draft solicitation that was 
described in detail in the June 1985 issue of the Pace 
Synthetic Fuels Report, page 3-13. The final versions
reproduced in its entirety In the Appendix of this issue. 

TABLE 1 

AWARD FOR FOREST HILL PROJECT 
PROPOSED BY SFC 

At their meeting of August 21, 1985 the Board of 
Directors of the United States Synthetic Fuels Corpora-
tion (SFC) directed its staff to complete contract 
negotiations with the Forest Hill heavy oil project by 
September 13. The proposed terms of the agreement 
are summarized in Table 1. The SEC Board action 
implies that it is very near to making an award of 
financial assistance to the project. If financial terms 
are successfully finalized, Forest Hill will be the first 
oil sands/heavy oil project to receive SFC assistance. 

TABLE 1 

TERMS AND CONDITIONS OF PROPOSED 
LETTER OF INTENT FOR THE

FOREST HILL PROJECT 

SFC Assistance: Maximum of $60 million in loan and 
price guarantees. 
Amount of Loan Guarantee: $22.57 million (including 
$1.87 million allowance for accrued Interest). 
Amount of Price Guarantee: Initial price guarantee of 
$37.43 million to increase as the loan Is repaid up to a 
maximum of $60 million. 
Guarantee Price: $40.00 per barrel for the first 
500,000 barrels of product and $37.50 per barrel there-
after (adjusted quarterly for Inflation after March 
1985). 
Duration of Price Guarantee: The earlier of 10 years or 
the maximum aggregate payment of price guarantees. 
Taxpayer Recovery: For a period of 16 years after the 
Cutoff Date, the project shall make payments either 
as a pro rata prepayment of guaranteed debt and of the 
bank loan or, after such debt Is paid, as profit sharing 
payments to SFC in an amount as follows:

MINING AND SURFACE PROCNG TAR BASIS PROJECTS 
THAT APPLIED TO THE 810 BOUQTATION

Type of 
Projeet Name/Location	 Sponcer	 PrQoJOUOn	 Assistance Reenacted 

(nfl) 

cHancE	 CHEMECH	 1.000	 PS. Guarantee 
Logan County, Kentucky	 Bitumen 

Interaction" Bytoceita InternatIonal Hydrocmtona .7.000 To be Determined 
Bunnyald.. Utah Inc. Upgraded Proóict 

PR Sprig Boly-Ex Corporation, 4.100 Loan Guarantee and 
Near venal, Utah Eneroor, and Triad EngI- Bitumen Price Guarantee 

netting Service. Ltd. 

&UMI" GNC Tar Sands Corporation 5.000 Loan Guarantee and 
Carbon County, Utah a.t&pi Price Guarantee 

Upgraded Product
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The solicitation provides for financial assistance in 
three forms: price guarantee, loan guarantee, or com-
bination loan and price guarantee. Projects that qualify 
for negotiations will then compete for financial assist-
ance. The project that provides the best economic 
terms to the SFC will be selected for an award. The 
solicitation also provides that more than one award can 
be made, or that no awards may be made. 

To be eligible for an award under this solicitation a 
project must satisfy the eligibility requirements sum-
marized in Table 2.

TABLE 2 

PROJECT ELIGIBILITY REQUIREMENTS UNDER 
THE SFC TAR SANDS COMPETITIVE SOLICITATION 

Synthetic Fuel Resource: consolidated or unconsoli-
dated rock other than coal, oil shale, or Gilsonite that 
contains hydrocarbonaceous material having a gas-tree 
viscosity at ambient reservoir temperature of not less 
than 10,000 eentlpoise, or, until viscosity data are 
available, having a gravity of not more than 10°API. 
Technology: any integrated process or processes at a 
specific geographic location in the United States for 
the purpose of commercial production of synthetic fuel 
product. Such processes must include mining and 
surface processing followed by the appropriate steps (if 
any) that are required to convert the crude bitumen to 
synthetic fuel product. The technology must be made 
available for replication on reasonable commercial 
terms. 
Project Scale: no minimum scale, provided the scale is 
suitable for commercial production. 
Synthetic Fuel Product: any solid, liquid, or gas (or 
combination) that can be used as a substitute for 
petroleum or natural gas, and which is produced by 
chemical or physical transformation (other than wash-
ing, coking, or desulfurizing). 
Project Schedule: planned start of operations before 
1990. 
Project Design Standard: the project must be designed 
to operate a minimum of 300 stream days per year for 
20 years. 

The eligibility requirments in Table 2 are generally very 
similar to those that were proposed in the draft of the 
solicitation. However, the SFC has further defined 
"synthetic fuel resource" to include requirements that 
the gas-free viscosity of the hydrocarbonaceous 
material be greater than 10,000 centipoise or the API 
gravity be no more than 10°. 

The schedule for the solicitation is summarized in 
Table 3.

TABLE 3 

SCHEDULE FOR THE SFC
TAR SANDS COMPETITIVE SOLICITATION 

• Deadline for Submitting Project proposals—Au-
gust 30, 1985. 

• Deadline for Selecting Projects for Negotia-
tions—Approximately 45 days after deadline 
for submitting project proposals. 

• Deadline for Commitment of Full Equity—Sixty 
days after selection of project(s) for negotia-
tions. 

The SFC will now evaluate the proposals for each 
project according to many criteria. On a pass/fall 
basis, each project must: 

• Meet the requirements of the solicitation 
(Table 2) 

• Be a "synthetic fuel project" as defined in 
Section 112(8) of the Energy Security Act 

• Provide a Level U cost estimate that is consist-
ent with the project design 

• Provide a Level II project design 
• Secure the rights to project technologies 
• Secure the rights to the project site 
• Obtain sufficient resource for the life of the 

project 
• Secure rights to adequate amounts of water for 

the life of the project 
• Identify all required permits 
• Propose a reasonable schedule for obtaining all 

permits. 

The SFC will also rank the projects according to the 
degree with which the proposals satisfy the following: 

• The cost data allow maximum capital and oper-
ating costs to be determined 

S The cost estimate exceeds Level ii 
• Equity and other sponsor capital are secured or 

otherwise committed 
• The sponsors are finanélally capable of commit-

ting the equity 
• Cash generated by the project will cover all 

operating and other on-going costs, provide 
adequate incentive to the sponsors, and permit 
operation of the project after any SFC price 
guarantee expires 

• The sponsors have the capability and experience 
to execute and operate the project 
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• The management structure and procedures per-
mit managing the design, construction, start-
up, and operation of the project 

• The project schedule provides a basis for plan-
ning and controlling the project 

• The status of the technology and engineering 
will allow start of operations before 1990, and 
will provide good reliability and availability of 
the plant 

• A satisfactory market exists for the product 
and by-products 

• The market prices for products and by-products 
are substantiated 

• Planning has been conducted with regard to 
rules and regulations 

• An adequate construction and operating labor 
force is available 

• Socioeconomic impacts and mitigation mea-
sures have been identified. 

Based on the pass/fail evaluations and the ranking of 
each project, the SFC expects to select the project(s) 
for further negotiations within approximately 45 days 
of the August 30 deadline (i.e., mid-October 1985). The 
selected project(s) must be able to demonstrate within 
60 days that the needed equity is available (i.e., mid-
December 1985). Any award(s) that could result from 
this solicitation will, therefore, likely be made in Spring 
1986 at the earliest. 

ALBERTA ADOPTS SIMPLIFIED APPROVAL PROCE-
DURES FOR SINGLE WELL STEAM STIMULATION 
TESTS 

The Alberta Energy Resources Conservation Board 
(ERCB) has adopted a more rapid, less formal review 
system for approval of short term, experimental oil 
sands tests that come under section 10 of the Oil Sands 
Conservation Act. The ERCB and Alberta Environment 
have agreed to revised procedures for the approval of 
single well, single cycle steam stimulation tests. Appli-
cations for such tests must meet certain guidelines in 
order to receive rapid approval. The ERCB, on behalf 
of itself and Alberta Environment, on a "one window" 
basis will issue a letter of approval. Since the guide-
lines establish the rules for the experiments, the ERCB 
would not anticipate a need to add any special condi-
tions in its letter of approval. 

For this purpose, a "single welr' will be defined as not 
more than one test well per oil sands zone evaluation 
per quarter section. A "single steam cycle" will be 
defined as the injection of not more than 4,000 cubic 
meters (cold water equivalent) of steam or hot water 
over a time period ordinarily not greater than 3 weeks, 
and the subsequent stimulated bitumen production 
cycle, with the combined period ordinarily not to ex-
ceed 1 year from the date of commencement of injec-
tion.

This special accelerated approval procedure will not 
apply for wells near populated areas or in sensitive 
environmental locations, where a more rigorous review 
would be needed. The accelerated approval also would 
not include cases involving repeated cycles, injection of 
other fluids such as carbondioxide, or which.incorpor-
ate more complex or sustained production operations. 

The Application Guidelines are listed as follows: 

• Each well must be fully identified as to name, 
location, geological zone and depth, and well 
equipment. 

• Include only single wells and a portable steam 
generator not exceeding 25 million BTU per 
hour in capacity, burning sweet, light hydrocar-
bon. 

• Identify size of steam slug not exceeding 
4,000 cubic meters (cold water equivalent) and 
anticipated production. 

• Show that the appropriate mineral lease Is held 
by the applicant. 

• The landowner and occupant plus any resident 
within 500 meters of the wellhead mist be 
advised of the testing program. 

• Statement that the well cement, casing tubing 
and completion is adequate for the test. 

• The proposed start and finish dates of the 
test(s). 

• Where there are residents In proximity to the 
well, there mist be a fugitive emission detec-
tion and correction program to prevent niijs-
ance odors. Hydrogen sulfide ambient concen-
tration mist not exceed 0.01 parts per million. 

• A brief report summarizing the test and the air 
monitoring results 

Operating Guidelines are as follows: 

Injection Cycle 

• All filter and softener backwash fluids and 
boiler-blowdown and steam-venting fluids shall 
be contained in tankage until disposed of in a 
manner satisfactory to the Board. 

• The steam generator must be a minimum of 
25 meters from the wellhead and the diked vent 
or blowdown tank at least 25 meters from the 
wellhead. 

• The entire test site shall be diked to contain 
surface runoff. At the low point there should 
be a runoff collection point where any oil or 
other contamination can be removed before 
release. 

• Landowner approval shall be obtained before 
release of any water onto any land adjacent to 
the test site. 

• The local area office of the ERCB must be 
informed of the proposed testing program and 
start-up dates. 
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Production Cycles 

• All produced fluids shall be accurately mea-
sured and stored in diked tanks until sold or 
disposed of in a manner approved by the Board. 

• The production cycle must be monitored on a 
daily basis for the hydrogen sulfide content of 
both the casing gas and the gas coming out of 
solution from the produced fluids. 

• Hydrogen sulfide shall not be emitted to the 
atmosphere. 

• When gases are to be flared, a 12 meter high 
flare stack equipped with a pilot or ignition 
device shall be installed. 

'I,,
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ENERGY POLICY AND FORECASTS 

ENCOURAGING OUTLOOK FOR HEAVY CRUDE 
AND TAR SANDS NOTED 

Speaking at the United Nations Symposium on Financing 
of Petroleum Exploration and Development in Develop-
ing Countries, held in Athens, Greece in April, 
R. Omana of the UNITAR/UNDP Information Centre 
for Heavy Crude and Tar Sands noted that heavy crude 
and tar sands are good investments. 

These resources are very attractive for developing 
countries that are oil importers. Such is the case of 
Albania, Argentina, Brazil, Guatemala, Madagascar, 
Senegal, Surinam, and Zaire among others. 

In the United States, despite the oil glut, oil producers 
in California are investing heavily to increase heavy 
crude production. The price differentials between 
heavy crude and light crude have recently narrowed, 
providing a greater incentive to prcduce heavy oil. 
Companies like Chevron, Shell, and Texaco are boosting 
their enhanced oil recovery programs. Shell's invest-
ments, for example, have increased the former Belridge 
Oil Company's fields from 42,000 to 102,000 barrels per 
day. 

The first stenmflood pilot test at the Marmul field in 
southern Oman was started last December. The field 
which contains about 2 billion barrels of oil will be 
injected for five years. A recovery potential of at least 
40 percent is expected. 

Trinidad and Tobago recently confirmed the discovery 
of a new heavy crude oil field in the Gulf of Paris. This 
field will increase the islands' current production of 
178,000 barrels per day. 

Guatemala is accepting bids for production sharing 
contracts covering the Yalpemech, San Diego, and Xan 
heavy oil discoveries. 

It seems that around the world the quest for heavy 
crude and bitumen is gathering momentum. 

SHORTAGE OF DILUENT FOR HEAVY CRUDE 
MAY APPEAR BY 1986 

To pipeline heavy crude and bitumen to markets, 
densities no heavier than 220 to 23°API are required. 
Reaching this density with bitumen extracted from tar 
sands requires over 40 percent diluent on a volume basis, 
and conventional heavy crude may require 25 percent. 

M. Menzies, G. Hammond, and B. Shaw, of Petro-
Canada have written a paper called "Heavy Crude 
Diluent Supply and Demand" in which they estimate the 
amount of condensate which will be available from 
natural gas and compare this to the requirements for 
diluent for the transportation of heavy crude and tar 
sands in Canada.

They state current concerns regarding heavy crude 
diluent by the following picture, projecting from the 
present to 2000: 

• Bitumen production is expected to increase by a 
factor of 3.0 to 4.5. 

• Bitumen requires over 40 percent diluent on a 
volume basis, versus 0 to 25 percent for 
conventional heavy oil. 

• The supply of traditional natural gas condensate 
diluent is projected to decrease by 25 to 
40 percent. 

Although this picture is unnecessarily pessimistic, it 
does serve to focus the problem. Petro-Canada 
analyzed two cases, representing different outlooks for 
crude pricing. The "high" case assumes that most 
currently-announced industry projects will proceed. 
The "low" case assumes a prolonged period of depressed 
prices with a corresponding reduction in activity. 

Supply 

Natural gas condensate has been the traditional heavy 
oil diluent. It is a C5 stream representing the liquids 
recovered from natural gas processing, after separation 
Of C3s and C4s which are marketed separately. The 
major sources are oil and gas fields in a band west of 
Calgary and Edmonton but excluding the foothills. 

Overall, over 95 percent of Canada's C 5+ production is 
from Alberta, and of this Alberta production, 10 major 
field locations in the province account for roughly 
50 percent of this volume. 

The forecast of grass supply shows a steady decline 
beyond 1986, due to the declining condensate yield 
overriding the increasing total gas volumes. 

Demand 

Condensate is used in both unsegregated and segregated 
applications. 

Areas where condensate is used as an unsegregated 
material include miscible flood and NGL mix volumes 
where the condensate is part of a mixed stream of gas 
liquids. The direct to crude category includes a number 
of small usages where condensate is, for geographic and 
economic reasons, injected into light or heavy crude oil 
streams. Thus, some of this material is already serving 
as heavy oil diluent. 

The remaining segregated volumes are those where 
condensate is produced and transported as a separate 
stream. A small proportion of this is exported to 
Montana. The remaining volumes which are deliverable 
primarily to Edmonton for other uses, including diluent, 
constitute the "net supply." As a proportion of gross 
production, the net supply Is currently around 
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55 percent and is forecast to rise to around 70 percent 
by 2000. 

Figure I shows the forecasts for conventional heavy oil 
and bitumen supply, for both the 'high" and "low" cases. 
Since heavy oil volumes decrease with time for both 
scenarios, and diluent proportions are much higher for 
bitumen, the key factor from a diluent viewpoint is the 
major growth in bitumen volumes. This shows a 3 to 4.5 
told increase between the end of 1985 and 2000. 

Condensate Supply/Demand 

Combining the supply and demand projections gives the 
condensate diluent balances shown in Figures 2 and 3, 
corresponding to the "high" and "low" cases. 

Currently there is a condensate surplus, which in 
February 1985 was at over 12,000 barrels per day. 
However, in both cases a condensate diluent shortfall is 
projected as early as 1986. For the "high" case, this 
shortfall rises rapidly to around 20,000 barrels per day

(corresponding to around 45,000 barrels per day of 
bitumen), with further growth being limited mainly by 
the upgraders coming on stream in the late 1980s and 
early 1990s. 

For the "low" case, the shortfall reaches a peak of 
around 15,000 barrels per day in 1988, falls to around 
2,500 barrels per day with the first upgrader coming on 
stream, and then grows steadily back up to around 
20,000 barrels per day by 2000. 

For both cases, peak shortfalls in the 1988 to 1992 time 
frame could rise significantly with delays in upgrader 
startup. 

The authors feel that this anticipated condensate 
shortfall will lead to upward price pressure, especially 
in a decontrolled market in Alberta. Condensate prices 
in Alberta could rise, to levels above those for light 
crude. 

At the other (primarily United States) end of the 
pipeline, the situation tends to be reversed. Conden-
sate content in the blended stream is becoming pro-
gressively less attractive to refiners. This paradox of 
higher supply price and lower market value for conden- 
sate will tend to squeeze producer heavy crude netback 
prices, especially for bitumen. 

MINEABLE OIL SANDS PROJECTS COULD BE 
PROFITABLE IF- - - 

The Alberta Chamber of Resources (ACE) has identi-
fied the Alberta oil sands as their priority mineral 
resource for development for this year. Speaking to the 
36th meeting of the Petroleum Society of CIM, 
J. Nichols presented the case for immediate develop-
ment of a new mineable oil sands project. 

To date, the mineable oil sands contribution to Canad-
ian oil supply has been limited to two commercial 
plants. Suncor was commissioned in 1967. Syncrude 
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Canada Ltd.'s plant was commissioned in 1978. Had the 
Alsands Project proceeded in 1982, the plant would 
have started up in the 1988/1989 time frame. This 
would have maintained a spacing of 10 to 11 years 
between successive plants. In fact, the Alsands Project 
did not proceed, and the spacing between the second 
and third mineable oil sands plants will be longer than 
the spacing between the first and second, if another 
commercial venture proceeds at all. 

If it had proceeded, the Alsands Project would have had 
a substantial effect on both the Alberta and Canadian 
economy. For example, the Alsands participants pre-
dicted that their project would have provided an annual 
average of 16,000 direct jobs during construction and 
6,700 new permanent jobs during operations. 

Because of the enormous capital investment required, it 
now seems likely that the next mineable oil sands 
project will be considerably smaller than Alsands. ACR 
believes that a project as small as half the size of 
Alsands could be economically viable, given the appro-
priate fiscal regime. 

Operating costs are estimated at $15 to $19 per barrel. 
A capital investment in the order of $60,000 to $80,000 
per daily barrel of capacity would be required. Given 
some real increase in the price of oil, ACR believes 
that an investor can recover his investment and make a 
modest profit. 

Mineable oil sands development would be attractive in 
the narrow context of comparing technical production 
costs against forecasts of oil price. But investors must 
also consider project risks. 

Project risks to be considered could be categorized as 
follows: technical, reserve, cost, price, market, and 
political. 

Technical risk addresses the concern that the plant will 
not operate as designed. The technology for mineable 
oil sands has been demonstrated in two commercial 
plants, indicating that the technical problems can be 
mastered, although perhaps requiring a lengthy startup 
period. Both the environmental and socio-economic 
aspects of oil sands development are understood and 
manageable. Therefore the technical risks are low 
compared to other new domestic sources. 

Reserve risk is no problem because ore bodies in the 
mineable oil sands are reasonably well defned today and 
can be delineated with inexpensive shallow drilling. 

The cost risk should be low relative to alternatives such 
as Arctic and deep offshore oil sources because capital 
and operating costs are well established from the 
construction and operating of existing plants. 

Price and market risks, although not unique to mineable 
oil sands, are of special interest because of the large 
investment required and length of time to payout. Even 
smaller scale mineable oil sands projects are mega 
projects, with capital requirements in excess of $1 bil-
lion. Construction periods are three to five years after 
the start of construction (Figure 1). The developer of 
such a, project exposes a greater amount of capital to a

higher overall risk than is normal. 

The political risk associated with mineable oil sands 
development has been demonstrated by Smear's and 
Syncrude's experiences. One of the major reasons for 
cancellations of mineable oil sands projects has likely 
been a concern about the longevity of commercial 
terms and government perceptions of the revenue avail-
able from these projects. 

Suncor's return on Investment has been negligible to 
date, significantly less than an equivalent investment in 
government bonds. Government revisions to oil prices 
and the Imposition of significant additional taxation 
have been major factors. Syncrude's history Is compar-
able. Major taxes have been imposed on the project, 
the initial pledge of world price was unilaterally 
withdrawn, and other key financial parameters 
affecting the economic health of the project have been 
frequently changed. 

ACR states that the tax revenue potential of the 
mineable oil sands has been dramatically overstated and 
that this has affected the perceptions of the Alberta 
and federal governments and the citizens of Canada. 
Expectations of revenue from hydrocarbon resources 
have been raised to unrealistic heights and the concept 
of capturing economic rent (i.e., royalties and taxes) 
has gained increased importance. A change In the 
perception of economic rent available from mineable 
oil sands development would be a major contribution to 
advancing these projects. Given current estimates of 
future oil prices, there is probably little economic rent 
which can be extracted from a mineable oil sands 
project. Projects cannot serve as major near term 
generators of tax revenue and may not provide much 
economic rent in the long term either. They can, 
however, serve as an economic source of oil and provide 
much needed employment and economic activity. 
Given appropriate government price, market and politi-
cal risk through a suitable fiscal regime, mineable oil 
sands can still be a project of the 1980s. 
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ECONOMICS 

ENHANCEMENTS IN HOT WATER EXTRACTION 
MAINTAIN ECONOMIC COMPETITIVENESS OF 
PROCESS 

In February 1984 a study, commissioned by the Alberta 
Energy Resources Conservation Board (ERCB), was pub-
lished describing the evaluation of alternative bitumen 
extraction processes. The study evaluated various 
processes, compared to a base case Hot Water Extrac-
tion Process (HWEP), derived from published informa-
tion on the present commercial Athabasca oil sands 
mining operations. 

Syncrude Canada Ltd., later described modifications to 
the bitumen extraction and upgrading units at its Fort 
McMurray plant. These modifications are expected to 
increase bitumen and diluent naphtha recoveries from 
the plant. 

A paper presented by R. Houlihan of ERCB and K. Will-
iams of Petro-Canada at the 36th Annual Meeting of 
the Petroleum Society of CIM updates the information 
presented in the original ERCB study, especially in 
relation to the proposed Syncrude modifications. 

In the original study the processes listed in Table 1 
were considered. Preliminary evaluations of eleven 
were conducted and four representative processes were 
studied in detail. Each process was compared against a 
base case HWEP to determine the relative technical 
and economic advantages. Mining, bitumen extraction, 
tailings disposal, upgrading, and utility requirements for 
each process were developed to provide an overall 
comparison. 

Since the completion of the original study, enhance-
ments to the Syncrude extraction process and also 
revisions to the Taciuk process results have been re-
ported. These changes were therefore analyzed and 
comparisons made with the original study results. The 
Syncrude enhancements resulted in the development of 
a new ease (the Syncrude Modified Process-Projected 
1987), while the Taciuk process case was revised to 
reflect the changes resulting from the on-going 
development of the process. New evaluation results 
were provided for the following cases: 

• Base Case—Hot Water Extraction 

• Projected HWEP—Syncrude Modified Process-
Projected 1987 

• Direct Retorting Proces—Taciuk Direct Re-
torting. 

Results for the Two Stage Flotation, Oleophilic Sieve, 
and Solvent Extraction processes are unchanged from 
the original study as no new material is available. 

Syncrude Modified Process-Projected 
1987 (SMP) 

The Syncrude modifications represent a major advance 
to the present commercial HWEP, especially in terms

TABLE 1 

BITUMEN EXTRACTION PROCESSES REVIEW 

Base Case 

Hot Water Extraction 

Modified Hot Water 
Extraction Process 

RTR ARC 
Two Stage Flotation University of Utah 
Petreco TPC 
Dicore 

Direct Retorting Processes 

Taciuk University of Calgary 
Lurgi' Mobil Direct Retorting 

Solvent Extraction Processes 

Magna Mobil Solvent Extraction 
SESA O Phillips 
Mineral Resources Corp. Texaco 
Natornas Supercritical Solvent 
Dravo* Technical Economists 
Western Tar Sands Chevron 
Sohio Aarian 
Deco Gulf

Other Solvent Extraction 
Processes 

Kruyer Oleophilic Sieve s	 Worne Biochemical 
Exxon Sulfur Agglomeration Resource Recovery Engi-

neering 

Processes evaluated as having potential 

of bitumen recovery. The following modifications are 
being implemented for the extraction and froth treat-
ment units: 

• Additional tailings oil recovery to minimize 
bitumen losses in the tailings. 

• General debottlenecking and improvements 
especially to the second stage flotation cells. 

• Addition of enhanced gravity settlers to in-
crease froth treatment capacity. 

• Additional naphtha recovery unit to recover 
naphtha from the froth treatment plant tail-
ings. 

The results of the overall evaluation for the SMP, 
compared to those for the present HWEP, are sum-
marized in Figure 1. The overall synthetic crude yield 
is forecasted to increase, especially for medium and 
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low grade ores. At 8 weight percent bitumen ore grade, 
recovery is increased from 44.0 to 60.6 weight percent. 

The overall energy efficiency, defined as energy In final 
hydrocarbon products divided by energy content in total 
fuel and feed ore, is higher than that of the HWEP by 
2.1 to 16.0 percent for ore grades of 12 and 8 weight 
percent, respectively. 

Production costs, excluding taxes and royalties, for 
synthetic crude (Figure 1) are not changed for high 
grade ore (12 weight percent bitumen). For low grade 
ore (8 weight percent) the costs drop to $37.90 per 
barrel for the SMP compared to $60.70 per barrel for 
the UWEP. Costs are in 1983 Canadian dollars. 

Direct Retorting Processes 

The two most advanced direct retorting processes 
evaluated in the original study were the Taciuk and 
Lurgi processes. The Taciuk process has been further 
developed for Athabasca oil sands and development is 
on-going. The following recent developments to the 
process have been reported. 

• Processor Capital Cost Reduction—The capital 
cost per processor is estimated to be reduced 
by 27 percent, from $29,500,000 to $21,700,000 
as a result of advances in kiln support and drive 
components and a major redesign of the heat 
exchange system. 

• Product Yield Increase—Synthetic crude oil 
yield is projected to increase by about 0.4 per-
cent. 

• Increased Heat Requirement—Processor heat 
requirement is projected to Increase from 658 
to 806 kiloJoules per kilogram oil sands.

The original Tacluk study case was reassessed based on 
these developments. The results are given and com- 
pared with the HWEP and the SMP cases in Figure 1. 

Synthetic crude yields are higher than those for the 
SMP by 3.4 to 10.0 weight percent for ore grades of 12 
to 8 weight percent bitumen, respectively. Similarly, 
Taciuk energy efficiency is higher by 4 to 5 percent. 
Figure 1, however, shows that synthetic crude produc-
tion costs for high grade ore are similar and only 
diverge appreciably for low grade ore. In the latter 
case, Taciuk production cost is $34.70 per barrel as 
compared with $37.90 per barrel for the SMP. 

The authors conclude that the recent enhancements to 
the commercial process, reported by Syncrude, will 
realize significant Improvements in hydrocarbon re-
covery, energy efficiency, and production cost. In fact, 
the projected costs for this process are now quite 
similar to those of other aqueous extraction processes 
(Kruyer and Two-Stage Flotation) considered in the 
ERCB study. 

If the Syncrude projected recoveries are realized, one 
of the major concerns of the present commercial pro-
cess, bitumen recovery for low grade ore, will be 
alleviated. This factor will become of less Importance 
when evaluating new processes. As a result, the 
commercial development of two types of technology 
are expected to have potential: 

• Modifications or improvements to existing 
technology, especially in the areas of tailings 
treatment and disposal, material handling and 
froth treatment. 

• New technologies, such as direct retorting or 
solvent extraction, which have the potential to 
achieve significant benefits In energy effic-
iency, tailings disposal, capital costs, etc. 

The Two Stage Flotation, RIR/CuIf and Kruyer pro-
cesses are considered to have potential In the first 
category. 

The latest developments for tailings treatment as an 
add-on to the commercial HWEP, if successful, will 
alleviate the environmental and resource sterilization 
concerns associated with the present process. 

In the second category, direct retorting technology 
appears, at present, to offer the most viable alternative 
to the commercial process. Although production costs 
for the Taciuk process are similar to the SMP, the 
synthetic crude yields and energy efficiencies are 
higher. Also, the Taciuk process produces a dry tailings 
which eliminates the need for wet ponds. 

flit. 

3-17
	

SYNTHETIC FUELS REPORT, SEPTEMBER 1985



DOW'S METHYLENE CHLORIDE PROCESS SHOWS 
COST ADVANTAGE FOR LEANER OIL SANDS 

Because of its interest in marketing chlorinated sol-
vents, the Dow Chemical Company has been reviewing 
oil sand processing options using methylene chloride as 
the extraction solvent. The total miscibility of bitu-
mens in this solvent and the rapid dissolution rates 
obtained allow simple extraction systems to be used. 
Extraction efficiencies of 98 percent are obtainable 
with either water-wet or oil-wet tar sands. 

Solvent Advantages 

In describing the advantages of solvent extraction of 
Athabasca bitumen, Dow points out that the existing 
hot water process works by adding energy (heat and 
mechanical) and water to the sand for separation by 
Immiscible displacement. The bitumen froth floats to 
the water surface and the sand falls to the bottom. A 
major advantage of this process is the minimal energy 
requirements for separation, but it can suffer losses due 
to incomplete oil disengagement and oil-in-water emul-
sions. In addition, large settling ponds are required for 
the water-sand slurry to allow adequate solids settling 
time so the water can be recycled. The fines asso-
ciated with oil sand grades of less than 10 percent oil 
dramatically reduce recovery rates. Solvent extraction 
avoids these problems. However, the method does have 
one major disadvantage—more energy Is required for 
solvent recovery. 

The most common solvents which have been studied are 
the paraffinic hydrocarbons (hexane, heptane, etc.), 
toluene, and methylene chloride. Most of the systems 
reported in the literature are based on hexane. How-
ever, one of the most important properties of a solvent 
is Its ability to dissolve bitumen. In this respect, 
methylene chloride and toluene are clearly superior to 
hexane. The asphaltenic content of bitumen (normally 
in the range of 15 to 20 percent) has only a limited 
solubility in the paraffinic hydrocarbons such as hexane. 
Methylene chloride and toluene appear to dissolve bitu-
men readily and to be completely miscible in all propor-
tions. 

Some Investigators have used solvent blends with 
hexane and elevated temperatures in order to increase 
the solubility of the bitumens. Not only does this make 
it difficult to continuously maintain a constant solvent 
blend composition but changes in temperature or in 
solvent composition through the process could preci-
pitate the asphaltenes, plugging pipes and columns. 

With respect to safety of handling, methylene chloride 
is clearly superior to the paraffinic hydrocarbons and 
toluene because it essentially behaves as a non-flam-
mable solvent. It has no flash point as determined by 
standard test methods, although Dow laboratory data 
indicate flammability limits ranging from 15 to 21 per-
cent by volume in air at 25°C if exposed to high energy 
ignition sources. The National Fire Protection Associa-
tion has ranked it as a "practically non-flammable" 
substance.

Groundwater contamination Is avoidable with the use of 
a low boiling point solvent which can be effectively 
removed from the spent sand prior to disposal Dow 
feels that in order to avoid any chance for groundwater 
contamination due to teaching of the solvent from the 
backfilled sand, a 10 ppm or less solvent tvel on the 
spent sand is necessary. This is a reasonable and 
achieveable objective using modern drying equipment. 

With regard to occupational health, both methylene 
chloride and toluene have "Threshold Limit Values" of 
100 ppm. The "Short Term Exposure Limit" for methy-
lene chloride is 500 ppm versus 150 ppm for toluene. 

The last major solvent property to consider Is its energy 
recovery efficiency. The solvent used must have a low 
heat of vaporization since the miscella will be at least 
60 weight percent solvent and the sand will have 25 to 
35 volume percent solvent holdup. in addition, to attain 
a low residual solvent level of less than 10 ppm the sand 
must achieve a temperature of approximately 50°C 
above the solvent boiling point A low solvent boiling 
point will minimize the energy needed to heat the sand. 
Methylene chloride appears to be the best choice since 
it boils at 39.8°C with a heat of vaporization of 78.7 cal 
per gram while toluene boils at 110.6C with a heat of 
vaporization of 86 cal per gram. 

Based on the above considerations, Dow has developed 
an oil sand extraction process, using methylene chlo-
ride, based on equipment commercially available today. 

The Dow Process 

The mixer/settler concept is used extensively through-
out the mining and chemical processing Industry and a 
variety of commercial equipment is available to per-
form this operation. 

A very simple mixer/settler process has evolved for 
methylene chloride due to the rapid dissolution rate and 
total miscibility with bitumen. Methylene chloride's 
low-flammable behavior allows the use of commercially 
available solids processing equipment with only a mini-
mum amount of modification required. 

Dow's overall process consists of a tumbler for mixing 
and extraction, a washer (or rinser) for sand-bitumen 
separation, a sand dryer for solvent recovery from the 
sand, a centrifuge for separation of the residual fine 
solids, and a distillation system. This distillation sys-
tem uses an intermediate boiling hydrocarbon to in-
crease system vapor pressure, stripping residual solvent 
from the bitumen .(Figure 1). The products of this 
process are dry sand for disposal, solvent-free bitumen, 
and solvent for recycle use. The bitumen can contain 
some of the hydrocarbon chaser as a diluent to improve 
pumpability. 

Almost any kind of mixer can be used for the extractor 
stage. The high rate of dissolution using methylene 
chloride allows low energy mixers to be used. A 
tumbler is probably the best choice for Athabasca sand 
operations because not only will it handle large volumes 
of oil sand, but rock-clay lumps can pass through 
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FIGURE 1 
DOW TAR SAND EXTRACTION

PROCESS — BASIC UNIT OPERATIONS 
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without equipment damage. The solvent-bitumen pro-
duct of the washing operation is used for extraction 
instead of pure solvent because this mix still allows 
rapid and complete extraction even at 30 to 40 weight 
percent oil. This procedure provides the ability to 
control the weight percent oil in the mix and to 
efficiently add heat to the raw oil sand by passing the 
recycle bitumen-solvent mix through a heat exchanger. 

The oversize solids are screened from the slurry pro-
duct of this stage, washed with fresh solvent for 
bitumen recovery and steam-stripped for solvent recov-
ery on a steel mesh type belt system. The slurry is sent 
to the washer for bitumen-sand separation. 

Numerous options are available to perform the washing 
or rinsing operation. Mixer/settlers can also perform 
the rinsing function effectively. Each mixer/settler 
unit provides essentially one theoretical stage of rinser 
efficiency. In the Dow process, the slurry product from 
the extractor enters a settling portion of the rinser 
where the larger sand particles are separated from the 
miscella. Miscella is continually removed from the 
washer, controlled to between 35 to 40 weight percent 
bitumen in solvent. The bitumen free sand discharges 
from the washer into the sand dryer. Part of this 
miscella stream is sent to the extractor to act as the 
solvent and the remainder Is sent to the centrifuge for 
tine solids removal. 

The above miscella concentration was chosen since it 
will allow 98 to 99 percent extractionyield and rapid 
settling of the bulk of the solids. Higher miscella 
concentrations could be used; however, equipment size 
would increase rapidly. This is due to the loss in 
extraction efficiency caused by the large increase in 
viscosity at miscella concentrations greater than 
40 weight percent. 

There are several choices for sand drying. Dow has 
evaluated the TORUSDISC heated hollow disc dryer 
which is currently in use as a dryer for coal, lime, 
cement, foundry sand, etc. Energy rejected from the 
Dow solvent extraction process in the form of warm

sand (90°C) is minimal because of the low boiling point 
of methylene chloride (40°C). 

Dow carried out drying tests at BEPEX Corporation 
using solvent extracted Kentucky oil sands, from the 
TARCO operations. Sand initially containing approxi-
mately 25 percent by weight of methylene chloride was 
desolventized rapidly with indirect heat. With the 
addition of sparge steam, the residual level of methy-
lene chloride approached 1 ppm (Figure 2). 

FIGURE 2 
METHYLENE CHLORIDE

DRYING STUDIES 
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For solids removal from the miscella, Dow investigated 
several alternatives to centrifugal separaton and found 
that deep bed sand filtration may be a viable alternati-
ve due to the complete solubility of bitumen in methy-
lene chloride. However, centrifugal solids separation Is 
still the best proven technology. The miscella from the 
washer can contain a high percentage of fine solids less 
than 50 microns in size. In studies carried out at 
Sharpies, using a pilot sized solid bowl centrifuge, 
solutions of methylene chloride containing approxi-
mately 36 weight percent oil and 3 weight percent 
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solids were easily reduced to a residual solids level of 
0.2 weight percent in the mlscella (0.5 weight percent 
on an oil basis). 

The hnal step in the Dow extraction process is the 
separation of the bitumen and methylene chloride. The 
centrifuged miscella and a measured amount of naphtha 
Is fed to a distillation column. The bulk of the solvent 
flashes and the solution mixes with the medium boiling 
range (175° to 200°C) naphtha. The bitumen is then 
stripped of any residual methylene chloride In the lower 
section of. the column. In this fashion, a bitumen 
product containing a controlled amount of naphtha with 
a non-detectable level of methylene chloride is pro-
duced. 

A second distillation system can be utilized to separate 
the naphtha from the bitumen. Other options include 
direct feed of the bitumen-naphtha solution to a pipe-
line. 

Scale-Up and Economics 

Equipment selected by Dow is commercially available, 
with only minor modifications required for solvent use. 
These units are a tumbler for mixing and extraction, a 
washer for sand-bitumen separation, and a sand dryer 
for solvent recovery from sand. The limiting unit in 
this section of the plant is the sand desolventizer. The 
largest available unit handles 250 tons per hour of sand, 
which corresponds to a plant producing 2,500 barrels 
per day of bitumen from 8 weight percent ore. Mixers 
and rinsers are commercially available with much 
higher capacities. Therefore, parallel trains of solids 
processing equipment are required for plants larger 
than 2,500 barrels per day. 

Bitumen concentration in tar sand greatly affects plant 
production rates. A plant using 12 percent ore would 
require only 1.47 tons of tar sand per barrel of bitumen 
while an 8 percent ore would require 2.22 tons per 
barrel, at 100 percent extraction. This difference sig-
nificantly affects the plant design and economics, since 
the tar sand raw material cost accounts for approxi-
mately 40 percent of the total production cost. 

A 20,000 barrels per day bitumen plant would use four 
extraction modules, each containing two 2,500 barrels 
per day trains. Capital and operating cost comparisons 
for the solvent extraction and hot water processes are 
summarized in Table 1 for a plant using a 12 percent 
grade of tar sand. As the bitumen concentration 
declines, production is reduced (at a constant sand rate) 
causing an increase in the unit costs for bitumen. 
Accompanying the decrease in bitumen content is a 
decrease in extraction efficiency due to an increase in 
the clay and fines content of the tar sand. This affects 
the solvent extraction process to a less extent than the 
hot water process. Bitumen recoveries, show in 
Tahla2, indicate a significant advantage in processing 
low-grade tar sand with the solvent process, as opposed 
to the hot water process. The economic impact of the 
lower ore grades is seen In Figure 3.

TABLE I 

SOLVENT EXTRACTION ECONOMIC	 FOR 
12% BITUMEN IN THE OIL SAND 

(Canadian Dollars) 

Solvent Hot 
Extraction Water 

Process Process 

Sand Rate (Tonnes/Day)	 27,425 29,862 
Production Rate (Cubic Meters 	 3,180 3,180 

Day) 

Fixed Capital (MM$)	 246 296 
Working Capital (MM$)	 27 28 

Total Fixed Investment	 273 324 
(MM$) 

Production Costs

Oil Sand 7.76 8.45 
Tailings Disposal 1.49 0.82 
Catalyst and Chemicals 0.77 0.08 
Utilities 2.64 1.23 
Labor and Maintenance 2.31 3.03 
Overheads 0.89 1.20 
Depreciation 3.76 4.50 
Taxes and Insurance 1.14 1.35 

Total Production Costa 20.74 20.66

TABLE 2 

BITUMEN RECOVERIES
(Percent) 

	

Ore Grade	 a 

Dow Process	 94	 96	 98 

	

Hot Water Process 	 60	 80	 90 

FIGURE 3 
EFFECTS OF TAR SAND GRADE

ON PRODUCTION COSTS 
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HYOROTREATING WITH ART PROCESS SHOWS 
PROMISE FOR UPGRADING ATIIABASCA BITUMEN 

The M. W. Kellogg Company proposes a bitumen up-
grading process based on the ART process. 

The ART process, which was initially developed by 
Engelhard Corporation for upgrading of petroleum resi-
dual feedstocks and poor quality crudes, is also applic-
able for upgrading of bitumens and Canad&s extra 
heavy oils. Reconstitution of the ART products 
produces a substantially improved syncrude which can 
be processed in most conventional refineries. However, 
depending on the quality of the feed to the ART unit, 
the syncrude may still contain undesired levels of 
sulfur, nitrogen, and carbon residue. Hydrotreatment 
of the ART products prior to reconstitution results in 
the production of a high quality syncrude equal to or 
superior to most world market crudes. 

A bitumen upgrader facility, proposed for upgrading 
Athabasca bitumen to high quality syncrudes, Is de-
picted by a block flow diagram (Figure 1). It consists of 
the following steps: 

• ART processing of Athabasca bitumen. 
• Hydrotreatment of ART liquid products at high 

severity conditions.

• Recovery of heat from ART flue gases as high 
pressure steam, which is used within the bat-
tery limits, and export of surplus steam. 

• Citrate cleanup of cooled ART flue gases which 
also produces sulfur. 

• Recovery of C3's and C4's in a gas plant, plus 
amine scrubbing to separate hydrogen sulfide 
from the product gases. 

• Generation of hydrogen from the hydrogen sul-
fide free product gases and natural gas. 

• Reconstitution of hydrotreated liquid products 
and recovered C3+C4 into a high quality syn-
thetic crude. 

An ARTCAT reactivation unit is outside the upgrader 
battery limits, but is shown in Figure 1. 

According to Kellogg, the ART process is a selective 
vaporization and fluidized demetallization and decar-
bonization process. The equipment utilized is similar to 
that used in fluid catalytic cracking. However, the 
operating conditions, contact time and type of fluidized 
solid differ from what would be seen In a modern 
FCCU. The ART process uses the equivalent of a short 
riser/contactor and a fluidizable solid identified as 
ARTCAT. Conversion, as defined in catalytic cracking, 
is maintained at a considerably lower level than in 
FCCU operations. 

FIGURE I 

ART PROCESSING BITUMEN AND HYDROTREATING LIQUID PRODUCTS 
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The ART process, proven in commercial test units of 
7,000 and 10,000 barrels per stream day capacity, plus a 
55,000 barrels per stream day unit operated by Ashland 
Oil Company has shown its ability to process a variety 
of crudes ranging from atmospheric residues to vacuum 
bottoms containing as much as 90 percent asphalt. 

The process accomplishes the following: 

• Removes 95+ percent of the metals. 

• Removes essentially 100 percent of the asphal-
tenes. 

• Removes 35 to 75 percent of the nitrogen and 
sulfur. 

• Removes 80 to 90 percent of the Conradson 
Carbon. 

• Converts most of the 1,050°+l' to ligher pro-
ducts. 

• Provides high liquid yields. 

• Does not degrade the hydrogen to carbon ratio 
of the feed. 

When processing an Athabasca bitumen, properties of 
the liquid products are represented in Table 1. These 
can be blended together to produce a syncrude. The 
ART process produces products having hydrogen to 
carbon ratios essentially equivalent to the feed. Since 
the feed to the ART unit has a low hydrogen to carbon 
ratio, the hydrogen/carbon ratio of the resulting 
syncrude will also be low. The quality of the syncrude 
can be improved by hydrotreatment.

Hydrotreating 

Hydrotreating ART products prior to reconstitution into 
a syncrude Increases the hydrogen to carbon ratio, 
reduces the metals and carbon residue content, desul-
furizes and denitrogenates. For purposes of cost esti-
mating Kellogg set nitrogen levels in the hydrotreated 
products as follows:

ppm max 

Naphtha	 1 
Light Gas Oil	 200 
Heavy Gas Oil	 1,000 

Operating conditions, hydrogen make-up, and hydrogen 
circulation for these three hydrotreaters were estab-
lished and a cost estimate prepared for a large-scale 
upgrading facility. 

When processing 75,000 barrels per day of Athabasca 
bitumen, the proposed upgrading complex would pro-
duce 74,200 barrels per day of a 34°API syncrude having 
the composition provided by Table 2. 

TABLE 2 

COMPOSITION OF SYNCRUDE 

Component	 BPSD Vol % *API

TABLE 1 C3 + C4	 5,083	 6.8	 - 
Npahtha, C5-400°F, TBP	 11,275	 15.2	 61.6 
Light Gas Oil, 400°-650°F, TBP 29,269 	 39.4	 35.9 

ART PRODUCT PROPERTIES Heavy Gas Oil, 650°+F	 28,580	 38.6	 15.13 

Total	 74,207	 100.0	 34.2 
Naphtha 

Gravity, °API 52.0 
Sulfur, Weight Percent 0.51 
Watson K 11.62 In reconstituting the syncrude, it was assumed that 

inclusion of 6.8 volume percent of C3 + C4 LPG could 
Light Gas Oil be tolerated.	 If this Is not the case, some of the LPG 
Gravity, °API 26.2

could be backed out This would give a lower syncrude 

Sulfur, Weight Percent 1.72
yield but would decrease the quantity of imported fuel 

Watson K 11.07
required for the hydrotreaters and the hydrogen plant. 

Nitrogen, WPPM 1,140 Yield of syncrude is 98.9 volume percent of the bitumen 

Heavy Gas 011 fed to the upgrader complex. Forty-one to forty-three 
percent of the syncrude falls into the kerosene, Jet fuel, 

Gravity, *API 9.1 and diesel range	 and	 thirty-nine percent is FCC!) 
Sulfur, Weight Percent 4.32 feedstock. 
Metals, Ni + V, WPPM 28.9 
Con Carbon, Weight Percent 6.55 In a presentation to "Advances in Petroleum Recovery 
Watson K 11.13 and Upgrading Technology" Kellogg gave an order of 
Nitrogen, WPPM 3,140 magnitude indication of their estimate of Alberta unit 

costs. The total operating cost, exclusive of feedstock -
cost and capital considerations is $1.26 per barrel of 
bitumen. 

•	 The "Inside Battery Limit" capital investment for the

- 
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bitumen complex illustrated by Figure 1 is approxi-
mately $300 million (U.S.), Alberta, Canada construc-
tion basis. 

HORIZONTAL WELLS ADVANTAGEOUS FOR 
IN SITU BITUMEN RECOVERY 

A. Khosla of Petro-Canada and C. Cordell of AOSTRA 
have recently shown an economic advantage for the use 
of horizontal wells in steam injection processes for 
bitumen recovery from the Athabasca McMurray for-
mation at a depth greater than 350 meters. Two recov-
ery processes using horizontal wells were evaluated: (a) 
the Steam Stimulation/Drive Process; and (b) the Steam 
Assisted Gravity Drainage Process. The performance 
was compared with that of vertical wells using the 
cyclic steam recovery process. 

The Steamflood Process is considered to be applicable 
to the McMurray Formation, provided that well-to-well 
communication can be achieved. Its potential increases 
in thick reservoirs as gravity drainage increases oil 
production rates at nominal steam expense and overall 
recovery is greatly improved. Evidently, reservoirs 
having some mobility at the bottom of the zone of 
interest are more suitable for this process. 

For reservoirs which have almost no injectivity, it is 
difficult to create horizontal fractures at a virgin 
stress state of the formation at depths greater than 
300 meters. Horizontal steam drive is not considered 
feasible because of the mobility variance between in-
jected steam and the highly viscous bitumen. A steam 
drive In this instance would tend to short circuit by 
fingering steam between horizontal wells. 

Khosla and Cordell therefore investigated the appli-
cability of horizontal wells in two separate reservoir 
environments. One reservoir has good initial fluid 
mobility at the base (for Steam Flood Processes) and a 
second reservoir has minimal initial fluid mobility (for 
the Steam Assisted Gravity Drainage Process). 

Only the steam stimulation process with vertical frac-
tures was evaluated in vertical wells for comparison. 
Vertical well, vertical fracture performance was eval-
uated in the same two reservoirs described above, so as 
to compare to horizontal well processes. 

A typical McMurray reservoir description was formu-
lated from a core hole evaluation program carried out 
by Petro-Canada. The high water saturation at the 
base of this reservoir makes it amenable to steam drive 
because of the initial good fluid mobility through the 
base of the reservoir. Recognizing that often no 
bottom water exists in the Athabasca sands, a second 
reservoir characterization was formulated with minimal 
Initial injectivity at less than formation fracture pres-
sure. The only difference between the reservoir char-
acterizations is that the bottom six meters of pay in 
the first case has good water mobility and in the second 
reservoir the water mobility is negligible.

Seven numerical simulation studies, two vertical and 
five horizontal, were completed to compare horizontal 
well performance to the vertical well performance. 
The only difference between the two vertical well 
studies was that the water mobility at the base of the 
reservoir was different. 
The operating strategy employed for the two vertical 
well cases involved injection of 11 percent quality 
steam at the sand face at a rate of 250 cubic meters 
per day for 28 days. A total of 7,000 cubic meters of 
steam was injected during each injection phase, at and 
above the formation fracture pressure of 9,000 kPa. 
During the production phase the vertical fracture 
closed and the well was produced until the bitumen rate 
decreased below 1 cubic meter per day. The production 
period ranged between 70 and 100 days. 

The performance of the vertical wells was terminated 
after 3 years of operation because the instantaneous 
oil-steam ratios became less than 0.10 cubic meter per 
cubic meter. 

A total of five simulation runs were made using hori-
zontal wells. Four of the runs incorporated the high 
mobile water saturation Interval at the base of the 
reservoir while the fifth study had minimal Initial fluid 
injectivity at the base. The five horizontal well runs 
were:

1. Horizontal well steam drive on 2.4 hectare 
per well spacing with bottom water. 

2. Horizontal well steam drive on 2.4 hectare 
per well spacing with bottom water and a 
doubling of the horizontal permeability in the 
bottom water Interval over 100 meters of the 
500 meters horizontal well length. 
This case was intended to represent the chan-
nel sands nature of the Athabasca deposit In 
terms of areally variant reservoir character-
istics. 

3. Horizontal well steam drive on 4.8 hectare 
per well spacing with identical reservoir 
characterization as Case 2 above. Once 
steam breakthrough occurred along 20 per-
cent of the production horizontal well, both 
the injection and production wells were 
placed on cyclic steam stimulation at below 
fracture pressure. 

4. Steam assisted gravity drainage utilizing ver- 
tical wells as the injectors and 500 meter - 
long horizontal wells as the producers. The 
vertical wells were initially vertically frac-
tured to achieve communication to the hori-
zontal production well. The high bottom 
water interval existed for Case 4. 

5, Steam assisted gravity drainage utilizing ver-
tical wells as the injectors and 500 meter 
long horizontal wells as the producers. The 
only difference to Case 4 above was that a 
high bitumen saturation Interval replaced the 
high water saturation zone at the base of the 
reservoir. 

3-23	 SYNTHETIC FUELS REPORT, SEP EMBER 1985



Table 1 summarizes the performance of the horizontal 
and vertical well configurations studied. Comparing 
first the performance for cyclic steamed vertical wells, 
it is seen that increasing the average overall reservoir 
oil saturation from 67 percent (high water at base) to 
80 percent (high bitumen at base) increases the bitumen 
productivity by 30 percent, after 3 years of operation. 
Therefore, reservoirs that have high bitumen satura-
tions may be expected to out-perform reservoirs with 
basal water for cyclic steam vertical fracture opera-
tions. A 20 percent increase in average oil saturation 
resulted in a 30 percent increase in oil production. 

TABLE I 

COMPARISON BETWEEN HORIZONTAL AND VERTICAL WELL
PERFORMANCE PER REPEATABLE PATTERN 

Cumulative 
Operating Steam	 Bitumen Oil-steam	 Day Oil 

Proces,	 Life	 Injected Produced	 Ratio	 Rate 
(Year,)	 (m3)	 (m3)	 (m3/m3)	 (m31m3) 

Vertical 
Cyclic Steam: 

High Water Saturation 
High Bitumen Saturation S 

Horizontal 
Steam Drive: 

No Variation, 
Permeable Path 
Double Spacing 

Gravity Dratnaget 
High Water Saturation 	 4 
High Bitumen Saturation 	 4 

• 70,000 7,500 0.11 6.8 
56,000 9,800 0.18 9.0 

267,000 61,400 0.23 56.1 
119,000 12,000 0.10 11.0 
275,000 38,500 0.14 35.2 

348,000 56,800 0.16 38.9 
342,000 69,600 0.20 47.7

Comparing the vertical cyclic steam case with a high 
basal water reservoir to the horizontal wells indicated 
that performance from horizontal wells would be super-
ior interms of: (1) the cumulative bitumen produced; 
(2) oil steam ratios; and (3) calendar day oil rate. Even 
with a highly permeable path that creates a steam 
finger between the injector and producer horizontal 
wells the performance can be expected to be better 
than the vertical well because of the initial good drive 
between the wells before steam breakthrough. Once 
steam breakthrough occurs at the producer horizontal 
well, performance from cyclically steaming the hori-
zontal wells can be expected to be at par with the 
vertical wells. 

If area] horizontal permeability variations exist, doubl-
ing the horizontal steam drive well spacing from 2.4 to 
4.8 hectares could minimize the risk of unacceptable 
performance. The steam breakthrough time to the 
producer is increased from 240 to 700 days thereby 
enabling improved sweep vertically above the per-
meable channel. 

For horizontal well steam drives in basal water the 
performance would be comparable to vertical cyclic 
steam wells in terms of oil steam ratio. However, a 
higher recovery of the reserves in place could be 
expected from the horizontal well which may offset the 
higher cost of drilling the horizontal wells.

The results show that the preferred exploitation scheme 
would be to drill horizontal production wells with 
vertical injection wells directly above the drainage 
horizontal well. For a 500 meter long horizontal pro-
ducer, with two vertical injectors above, bitumen pro- 
duction can be expected to be 7 times greater than 
from a single vertical cyclic steam well on the same 
well spacing. in addition, an improvement of between 
10 to 20 percent could be expected in the oil steam 
ratio for the high bitumen reservoir case and high basal 
water cases, respectively. The steam assisted gravity 
drainage process is the most robust of the processes 
investigated in terms of being able to recover oil at 
high rates from two distinctly different reservoirs. 

There are two major explanations for the improvement 
in performance with vertical Injectors and horizontal 
producers over that of straight vertical cyclic steam 
wells. The first Is that the reservoir operating temper-
ature is always maintained close to the steam injection 
temperature in the horizontal well case. On the other 
hand, for the cyclic steam vertical wells by drawing the 
pressure of the reservoir down during production the 
temperature Is much lower which In turn results in a 
higher bitumen viscosity. 

The second reason for the better performance is that 
steam is never produced from the horizontal production 
well. The vertical injector-horizontal producer con-
cept, because of gravity segregation, maintains a liquid 
level of water steam condensate and bitumen above the 
horizontal well and hence the injected steam is very 
efficiently utilized. 

In summary, technically the vertical steam injector 
with horizontal producer steam-assisted gravity drain-
age provides the highest recovery of the reserves-In-
place, surpassing that of vertical cyclic steam stimula-
tion by 7.0 times. The higher recovery of the reserves-
in-place is accounted for by that fact that for each 
2.4 hectare spacing the horizontal well has 500 meters 
of wellbore in contact with the reservoir compared to 
the vertical well on the same spacing which has 
15 meters of well in contact with the reservoir. Tied to 
the higher recovery of reserves-in-place for the hori- 
zontal well steam gravity drainage process Is an im- 
proved oil steam ratio and calendar day oil rate. 

Economics 

A supply price analysis was carried out for a system of 
horizontal well versus vertical well development strat-
egies. The analysis was based on a 10,000 barrels oil 
per day plant for a 20 year supply period. Production 
forecasts were developed on the basis of wells coming 
on production to be drilled and equipped in the previous 
year. Results, presented to the AOSTRA conference in 
Edmonton in June, indicated a supply price of $25.90 
per barrel for a system of horizontal wells as opposed 
to $28.70 per barrel for vertical wells when discounted 
at 10 percent (see Table 2 for development costs com-
parison). The analysis further pointed out that higher 
recoveries and rates (approximately four times the 
cyclic steam process) associated with a horizontal well 
system offer a definite advantage over the vertical 
wells development strategy when developing a finite 
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acreage. With a limited resource base, the horizontal 
well development strategy would achieve much higher 
commercial rates provided that the additional capital is 
available.

TABLE 2 

DEVELOPMENT COSTS COMPARISON (1985 U
(Minion Dollars)

Horizontal Well System Versus 
Vertical Well (Cyclic Steam) 

Plant Size; 10,000 BOPD
Plant Life 20 Years 

Vertical Horizontal
Wells Wells 

New Satellite Cost 2.35 2.97 
Used Satellite Cost 1.38 1.15 
Well Drilling Cost 0.25 1.0 
New Well Completion 0.07 0.50 
Used Well Completion 0.04 0.40 
Fixed Operating Cost 7.00 8.40 
Number of Wells Drilled 1,170 165 
Total Tangible Costs 279 215 
Total Intangible Costs 292 165 
Operating Costs (Gross) 1,280 1,294 
Undiscounted Supply Price, $/Bbl 25.7 23.2 
Supply Price, $/Bbl Dis- 28.7 25.9 

counted at 10%

Percent 

Operations/Workovers 21 
Maintenance 20 
Central Plant 28 
Administrative/Technical 31 

'4% built-in inflation in gas price assumed 
Transportation/tariff	 assumes	 oil deliveries	 to 
Edmonton
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TECHNOLOGY 

BECHTEL DEVELOPS NEW HORIZONTAL 
WELL DRILLING TECHNOLOGY 

A new horizontal drilling process developed by Petrol-
physics Inc., in conjunction with Bechtel Investments 
Inc., differs from conventional drilling in the following 
ways: 

• Horizontal holes are drilled from vertical wells 
and require a turning radius of only 12 Inches. 

• As many as 24 horizontal holes may be installed 
in any particular horizontal plane. 

• The method of drilling involves hydraulic Jet-
ting with drilling rates varying from 10 to 
100 feet per minute. 

• The drilling process is said to be more economi-
cal than conventional horizontal drilling 
methods. Actual rig time required for install-
ing four horizontal holes in shallow unconsoli-
dated formations is less than 60 hours. 

Efforts to produce hydrocarbons through horizontal 
wells have been made for over 40 years. Difficulties in 
control of deviation, and drilling problems associated 
with the effect of gravity while drilling horizontally 
hampered early development. However, interest in 
production from horizontal boreholes has been revived 
In recent years. 

During development and field testing of the Bechtel 
Horizontal Drilling Process (HDP), Bechtel installed 
approximately 350 horizontal holes in numerous forma-
tions both for developmental engineering and commer-
cial applications. The drilling technology has thus far 
been employed in improving heavy oil recovery under 
steam stimualtion In California. Several pilots are 
underway. 

A schematic diagram of the system is provided in 
Figure 1. The system incorporates an erectible whip-
stock which allows the drillstring to make a tight radius 
(12 inch) turn. This tool is tubing-conveyed and run in 
the hole in its un-erected position. An approximate 
8 foot by 4 foot under-reamed chamber is required; 
section-milling and conventional hole opening are fol-
lowed with a hydraulic under-reamer to provide the 
required 4 foot diameter chamber. After positioning in 
the under-reamed section of the weilbore, the tool is 
erected by hydraulic pressure and oriented, as required, 
by a gyroscope tool. This whipstock enables the drill-
string to make a 90 degree turn, through the straighten-
ing section, and move out horizontally into the forma-
tion. 

Horizontal Drilling 

The drillstring consists of 1.25 Inch O.D. by 1.09 inch 
I.D. coiled tubing with a specially designed driUhead 
affixed to the end. This drllthead consists of a series of 
circular hydraulic jetting nozzles which cut an approxi-
mately 4 to 6 inch diameter hole, depending on forma-

tion type and depth. The HDP requires surface pressure 
of 6,000 to 10,000 psig for water jet cutting.. The 
drilthead does not rotate and can deliver in excess of 
1,000 horsepower to the face of the formation. Drilling 
additives such as antiswell agents can be readily ac-
commodated. 

The drillstring is propelled through the formation by 
internal fluid pressure. Average velocities range from 
10 to 100 feet per minute. In order to regulate the 
forward movement of the drillstring during drilling 
operations, a restraint mechanism is attached from the 
surface to the drillstring by means of a wireine latch. 
Tension is maintained assuring the drillstring Is always 
controlled from the surface. Since the drillstring Is 
under tension as it exits the whipstock, it has a natural 
tendency to maintain the initial drill face orientation as 
it moves out horizontally into the formation. During 
drilling operations, pressure, flow, and velocity are 
monitored to provide drilling control. 

Conventional logging tools cannot be utilized in the 
HDP due to the tight turns involved, therefore, new 
directional logging equipment has been developed. All 
electronics are packaged in a semi-liquid plastic mater-
ial with a supportive flexible sheath. These logging 
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FIGURE 2 

PREDICTED OIL AND 
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systems currently provide data accurate to +1_lu of 
vertical deviation. 

Completion 

Production practices in many areas of the southern San 
Joaquin Valley do not utilize gravel packing for sand 
control. Therefore, in normal operations the drill string 
is severed inside the vertical wellbore as described in 
the following and lies along the bottom of the approxi-
mately 4 inch diameter hole which has been cut in the 
formation. Steam is injected into and oil produced 
from this radial borehole as well as the vertical well-
face. Other forms of well completion have been tested 
whereby a consolidated gravel pack is placed and the 
drill string is perforated, thereby becoming the produc-
tion tubing. 

After logging the horizontal borehole, the drill-
string/production tubing is electrochemically severed as 
It enters the under-reamed section of the vertical 
wellbore. If required, perforation of the production 
tubing can also be accomplished by utilizing flexible 
electrochemical tools which can be pumped down into 
the appropriate position(s) as required. Conventional 
slotted liners are commonly run over the under-reamed 
section of the vertical wellbore. 

Performance Prediction 

In order to evaluate the performance of horizontal 
radial boreholes in steam stimulation of heavy oil reser-
voirs, a simulation study was conducted to provide 
engineering guidelines for the design of a pilot well. 
The well model was equipped with four 100 foot long 
horizontal boreholes (radials). 

The well in question has been producing from the 
Monarch sand, located in the Midway Sunset Field, Kern 
County, California. The well had been previously steam 
stimulated eleven times in the Monarch and had pro-
duced approximately 100,000 stock tank barrels oil and 
800,000 stock tank barrels water, as of April 30, 1984. 
Average oil production rate during April 1984 was 
5 stock tank barrels per day. Cumulative steam injec-
tion was 98,500 barrels cold water equivalent (CWE). 

A seven layer model with fourteen grid blocks was used 
in matching the historical performance of the well. 
Then an additional stimulation cycle was simulated 
using tour radials. 

Performance predictions with radials Included cases of 
varying steam treatment volume. Figure 2 compares 
cumulative oil and water production for different steam 
treatment volume. Also included in Figure 2 are the 
predicted results of another stimulation cycle at histor-
ical average steam volume without the use of radials. 
The simulation results suggest that radials provide 
substantial benefits. 

Based on the simulation work the subject well was 
equipped with four radials and treated with approxi-
mately 40,000 stock tank barrels (eWE) of steam. The 
well was allowed to soak for 16 days and put on

production. The well actually produced approximately 
800 barrels of crude during the sixth month of produc- 
tion whereas the simulation had projected approxi- 
mately 600 barrels of crude to be produced during that 
same month.

# #11 

BLIND BORING THROUGH OIL SANDS PIONEERED 
AT AOSTRA UTF SITE 

Large diameter shaft boring through the weak, semi- 
indurated sedimentary rock overburden and the poten- 
tially unstable tar sands characteristic of the Atha-
basca region has been successfully demonstrated at 
AOSTRA's Underground Test Facility (UTF). 

After approximately eight years of progressive studies, 
AOSTRA contracted with the Harrison-Saturn Joint 
Venture to engineer and construct the access stage of 
the Underground Test Facility on a turnkey basis. SNC 
Consultants Ltd., of Edmonton have provided engineer- 
ing services to the Harrison/Saturn Joint Venture. 
Simmons/Santa Fe Joint Venture were sub-contracted 
to sink and line the two shafts. Norwcst Resources 
Consultants Ltd., of Calgary act as an owner's repre- 
sentative for the project. 

3-27	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



The weak properties of the overburden and oil sands 
demand a shaft sinking method which would either pre-
consolidate the rock or provide support during or short-
ly after excavation. Methods which could be considered 
include: 

• Conventional excavation (drill and blast or 
clamshell) followed closely by ribs and lagging 
or steel liner plate. 

• Advance consolidation grouting. 

• Ground freezing. 

• Large-diameter drilling with mud for support. 

t

The project is located approximately 60 kilometers 
northwest of the town of Fort McMurray (Figure 1). 
The Harrison-Saturn contract components are as fol-
lows: 

• Sinking, and furnishing two 3.05 meters dia-
meter, steel andconcrete lined shafts to depths 
of 213 meters using blind boring techniques. 
Shaft No. I is for production and will be equip-
ped with a headframe and hoist while Shaft 
No. 2 will be mainly for service lines, ventila-
tion, and emergency egress. 

• Driving two development tunnels for a total 
distance of 350 meters into the limestone 
underlying the Athabasca deposit. 

• Construction and Installation of ancillary sur-
face buildings and facilities. 

FIGURE 1 

LOCATION PLAN FOR AOSTRA 
UNDERGROUND TEST FACILITY 

FORT 
It*AY 

Selection of Method
Equipment 

The overburden section generally can be classified as 
weak rocks. Reports on site investigations Indicated 
the potential of flowing water and sand close to the 
bedrock surface. Most of the overburden materials 
tend to be unstable when exposed to water wetting. 
Core samples from even the harder formations showed 
a tendency to break down into unbonded fines If placed 
in water for a short period of time. 

The oil-bearing McMurray Formation locally is about 
30 meters thick and consists mainly of weakly 
cemented, rounded-to-subrounded quartzitic sandstone 
impregnated with bitumen and water. When undis-
turbed it is a relatively hard, abrasive material which 
tends to wear drilling tools quickly. Once disturbed by 
drilling, it becomes a loose mass of unbonded sand 
particles in a bitumen matrix—the bitumen resembling 
thick roofing tar. 

Underneath the McMurray Formation are beds of green-
ish grey argillaceous and elastic limestones. Because of 
the relatively strong nature of this rock underlying the 
oil bearing strata, it is considered favorable for the 
underground tunneling development. 

Large-diameter blind shaft drilling was the method 
chosen, it offers some particular advantages over 
conventional shaft sinking techniques-

• The ability to control ground water and us-
stable formations through the use and manipu-
lation of a suitable drilling fluid. 

• Speed, and predictability of the construction 
period. 

• Prevention of gas ex-solution from the oil sands 
thus preserving Its in situ strength. 

• Safety, since men are not required to enter the 
shaft until it is completely lined. 

The stratigraphie sequence at the site selected for the 
Underground Test Facility is typical-of the Athabasca 
Basin. 

The oil sand - deposit is overlain by approximately 
130 meters of interbedded claystones, slltstones, and 
sandstones under a thin veneer of unconsolidated 
glaciolacimtrine silty sand and clay till.

The drilling equipment selected for this Job included 
Regent Rig No. 14, one of a few Canadian rigs which 
provided the combination of physical and structural 
capabilities required to handle the drilling and lining 
operation. 

Rig No. 14 is equipped with an Oilwell 840E drawworks, 
depth rated (in standard operating configuration) to 
6,100 meters. Maximum hook load is 1 million pounds 
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when rigged with 12 lines. 

It was decided to use a Drilco (tat bottomed bit design 
incorporating tS cutters. Each cutter was preceded by 
an aimed fluid nozzle. 

The total bottom hole assembly, consisting of the bit 
body, mandrel and weight stool, stabilizers, and donut 
weights, weighed 205,000 daN. 

Drilling Shaft No. 2 

On site rig-up was started January 21, 1985 in very cold 
weather. The drilling progressed as planned with minor 
problems in handling the drilled solids produced from 
clay layers in the formation. Bit balling and plugging of 
the solids handling equipment presented difficulty until 
the mud system was balanced to the point where these 
conditions could be handled. The polymer lubricant 
system utilized proved both simple and effective In 
protecting the clay shales from water wetting and 
consequently was effective in stabilizing the hole. 

The section from surface to the top of the tar sand was 
drilled in an elapsed time of 24.5 days. 

The tar sand section, which ran from approximately 142 
to 174 meters, was drilled in 5.5 days elapsed time. 
The drilling through this section was consistent with 
little difficulty. The major problem was handling the 
bitumen. While the mud was traveling through the 
system, the surfactants in the mud lubricant, coupled 
with pH control, managed the bitumen well. The 
bitumen, however, tended to separate out as the fluid 
flow and associated agitation was reduced. 

Two short trips were made while drilling the tar sand 
section to check for indications of hole swelling or 
caving. There was none in evidence. 

At the bottom horizon of the tar sand section, the rate 
of penetration suddenly dropped. It was found that the 
chalky limestone in this zone tended to break Into fine 
granular cuttings rather than (air sized chips. These 
chalky cuttings were packed tightly between the cutter 
teeth, (or rows in the case of the kerf cutter), and 
limited the ability of the teeth to penetrate the forma-
tion. When hard stringers or more competent layers of 
limestone were encountered, they would tend to clean 
the bit up and allow a higher rate of penetration for 
short periods of time. 

Total depth was reached on March 30, 1985, 54.75 days 
after spudding in. 

Steel Shaft Liner 

A 3.05 meters I.D. stiffened ring, thin wall (16 to 
20 millimeters) steel liner was used. 

The first section of liner was lowered into the hole 
April 3, 1985. The liner was floated into place by 
filling the interior with fresh water. 

The liner joints were welded using a hard wire MIG 
process. On average, each joint required about 6 hours

with a 6 man welding crew to complete the circular 
seam. 

Once the welding was completed, each joint was in-
spected using an ultrasonic scanning system. Defects 
requiring repair were ground out, rewelded, and rein-
spected. 

The liner was grouted in place using a total of 
1,164.5 tons of cement, placed in 6 stages over a period 
of 6 days. 

In summary, the site preparation, drilling, and lining of 
Shaft No. 2 went quite well. 

The effectiveness of the drilling fluid program in 
achieving and maintaining hole stability is considered a 
major success in this experimental project. 

The success achieved in drilling Shaft No. 2 has pro-
vided first-time practical confirmation of the viability 
of the blind boring method for accessing the deeply 
buried Athabasca tar sand deposits. 

Ut'. 

DYNAMIC FRACTURING CREATES HORIZONTAL 
FRACTURES IN OIL SANDS 

Hydraulic fracturing to link injection and production 
wells in Intermediate and deep oil sands reservoirs is 
often not successful. The lack of success stems from 
the inability to generate horizontal fractures. 

The use of explosives to dynamically generate horizon-
tal fractures in Intermediate and deep reservoirs Is 
being studied by researchers at the University of 
Alberta and the University of Manitoba. A paper given 
at the Heavy Oil and Oil Sands Symposium "Challenges 
and Innovations 1985" held In Calgary early this year 
presented results of some computer simulations. 

The success of many in situ oil sands recovery techni-
ques depends on the ability to generate horizontal 
fractures to link the injection and production wells. 

Field measurements of sweep efficiency and oil recov-
ery show that hydraulic fracturing is often not effec-
tive in intermediate and deep oil sands reservoirs. In 
deep reservoirs, the inclinations of the fractures are 
controlled by the field stresses and are vertical. 

At intermediate depths, the field stresses tend to be 
mildly anisotropic. Fracture inclinations there are 
variable and are strongly influenced by the geologic 
stratigraphy of the formations. 

Hydraulic Fracturing 

Field experience clearly shows that hydraulic fracturing 
in oil sands is a stress dependent phenomenon when the 
in situ stress field is strongly anisotropic. At shallow 
depths where the minor principal stress lies in the 
vertical direction, the fractures tend to propagate 
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FIGURE 1 
FORMATION STRESSES

CONTROLLING DIRECTION OF 
FRACTURE PROPAGATION 

(a) 
MINOR PRINCIPAL STRESS 
IN HORIZONTAL DIRECTION 
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MINOR PRINCIPAL STRESS 
IN VERTICAl. DIRECTION 

(C)
ISOTROPIC STRESSES

horizontally, perpendicular to the minor principal stress 
as shown in Figure lb. If fluid is injected in massive 
volumes at high rates, the vertical straining accom-
panying fracture propagation lifts the surface of the 
earth without significant changes In the field stresses. 
In general, the fractures do not change direction unless 
strong local stress fields or geologic discontinuities are 
encountered, 

In Alberta oil sand reservoirs at depths greater than 
about 450 meters, the minor principal stress lies in the 
horizontal direction. Fractures tend to climb vertically 
from the point of fracture initiation. The horizontal 
straining accompanying fracture growth increases the 
stress in the direction normal to the fracture plane. If 
the injection rate is very rapid and leak off to the 
formation is minimal; local overstressing can increase 
the minimum principal stress to a value higher than the 
intermediate principal stress. In this event, the frac-
ture may re-orient itself perpendicular to the Inter-
mediate principal stress. The increase in the minor 
principal stress can also inhibit the formation of the 
opposite "limb" of the fracture and force it to follow 
another direction involving less energy expenditure. in 
the limit, the fracture can be forced to propagate 
downward as illustrated in Figure la. 

The change in direction of the minor principal stress 
from vertical to horizontal appears to occur between 
the depths of 300 and 450 meters In most Alberta oil 
sand reservoirs. Stratigraphic discontinuities can exert 
a strong influence on fracture direction in a weakly 
anisotropic stress state (Figure Ic). Fractures may 
have a strong tendency to climb along bedding planes. 
Shale interbeds with greater relative fracture toughness 
can also deflect or halt fracture propagation alto-
gether. Numerous complex fracture profiles are poss-
ible at these depths. 

The ratio of the horizontal and vertical stresses in the 
oil sands deposits is plotted against depth in Figure 2. 
The figure illustrates the effects of the loading history 
on the stresses in the McMurray Formation. The stress 
ratio reaches a peak at a depth of 150 meters. The 
ratio decreases at jhallower depths due to passive 
shearing caused by geologic unloading (overburden re-
moval). The stesses are distinctly anisotropc at depths 
less than 350 meters and greater than 450 meters. Hor-
izontal and vertical hydraulic fractures would be pre-
dicted in each zone, respectively. Between 350 and 
450 meters, the anisotropy of stresses is less distinct 
and the fracture behavior is difficult to predict. 

The stress ratio measurements obtained from field data 
are also plotted in Figure 2. The field measurements 
agree well with the theoretical distribution. 

Dynamic Fracturing 

The generation of In situ horizontal fractures In inter-
mediate to deep reservoirs by explosive dynamic 
methods is the objetive of the research discussed. 
Computer studies by the finite element method show 
that horizontal fractures in otherwise unfavorable 
stress fields can be generated by (1) controlling the 
loading rate with tailored pulse explosive charges and 
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FIGURE 2 
MEASUREMENTS OF

THE RATIO OF HORIZONTAL
AND VERTICAL STRESSES 
WITH DEPTH IN OIL SAND 
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(2) introducing fracture starters and optimizing well-
bore geometry. Successful fracture propagation results 
from the favorable alteration of the ratio of the hori-
zontal to vertical field stresses in front of the fracture 
starter. Laboratory tests also show that oil sands 
become increasingly brittle under dynamic loading rates 
and thereby more conducive to tensile fracture. 

Dynamic explosive loadings can create a distribution of 
multiple fractures in brittle materials. The technique 
has been applied to the preparation of oil shale beds for 
in situ processing and to the preparation of mineral 
deposits for solution mining. However, only modest 
increases in permeability are generally gained. The 
ineffectiveness of the technique lies with a phenomenon 
called the "bladder effect." Briefly, the high pressures 
of detonation in a wellbore can cause the reservoir rock 
to yield and compact under plastic flow. When the

stress wave passes, the rock elastically unloads leaving 
an increased wellbore diameter and a compressive resi-
dual stress field around the well. This compressive 
"stress cage" may inhibit subsequent injection of fluids. 
As well, the fines created during the compaction pro-
cess can plug the newly formed fractures and reduce 
permeability. 

The stress cage or bladder effect may be avoided by the 
use of tailored pulse explosive charges. The pressure-
time behavior of these charges is tailored to keep the 
maximum pressure and loading rate to a level which 
would not cause the reservoir rock to crush and undergo 
plastic flow. The explosives used are propellants of the 
progressively burning type which produce light weight 
gas products. The gases, rather than water, are pushed 
into the created fractures. This maximizes the speed in 
which fractures are penetrated and pressure loaded. 
The burn rate of the explosives also Increases as 
material is consumed. This saves the driving energy for 
fracture propagation until it is most needed when the 
fractures are long and fracture volumes are large. 
Several time delayed charges can also be used to 
maintain fracture pressures and volumes. 

The use of explosives to improve permeability In uncon-
solidated and formations is generally not recommended 
since the ductile behavior and absence of tensile 
strength is not conducive to fracture generation. Com-
paction and an actual decrease in permeability may 
result instead. However, laboratory tests conducted by 
the authors indicate that this is not the case for oil 
sands. The tests show that the behavior of oil sands at 
dynamic loading rates Is more consistent with a soft 
dense sandstone rather than unconsolidated sands. At 
dynamic rates, the strength and stiffness of the oil sand 
increases substantially. The failure mechanism of the 
oil sands also becomes increasingly brittle. 

Oil sands exhibit a very low compressibility when 
confined at reservoir stresses and are able to propagate 
stress waves without severe damping effects. However, 
laboratory measurements of volume change indicate 
that crushing of the sand grains will start to occur at a 
pressure of approximately 4 MPa. Since dynamic loath 
are expected to exceed 100 MPa, crushing and fractur-
ing of the sand matrix instead of shearing Is antici-
pated. 

Numerical simulation of dynamic loading of oil sands 
was studied using the TEPSAD computer code. 

An oil sands formation 60 meters thick at a depth of 
100 meters below the round surface was considered. 
The oil sands were subjected to a vertical and a 
horizontal stress, giving an adverse stress ratio for 
horizontal fracture generation by hydraulic methods. A 
90° notch cut 1 meter into the wall of the wellbore was 
used as a fracture starter. A notch of this size could be 
realistically generated by hydraulic Jet cutting with 
drilling fluid. 

Two tailored pulse loading ramps were applied to the 
notch surface. The first loading ramp was generated 
from a single explosive charge. The second loading 
ramp consisted of several delayed charges. 
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With the first pressure loading ramp a maximum tensile 
fracture extension of Just over 10 meters is attained in 
the horizontal direction. Tensile fractures also develop 
vertically around the wellbore. The fractures do not 
penetrate radially very far and essentially form a "rub-
blized" zone around the well. 

The simulation results show that the mechanism of 
horizontal fracture propagation is the favorable altera-
tion of the field stresses ahead of the fracture tip. The 
provision of the fracture starter orients the zones of 
tensile stress in the horizontal plane. Fractures In 
other planes could be generated by the appropriate 
orientation of the fracture starter. 

The use of the multiple pulse loading shows a substan-
tial increase in the horizontal crack extension near the 
mid-plane. The increase is attributed to maintaining 
higher pressures in the crack for longer periods of time 
while it is increasing in length and volume. 

The results are said to demonstrate the feasibility of 
dynamically generating horizontal fractures in oil sands 
under adverse stress conditions. This is expected to be 
particularly useful for in situ recovery in intermediate 
and deep oil sands reservoirs where hydraulic fracturing 
may be unable to provide communication between 
wells. Substantial increases in fracture extension may 
be gained by using controlled multiple-pulse loading at 
the fracture starter.

lI## 
ESSO DETAILS SYSTEM FOR VENTING WELL 
CASINGS AT COLD LAKE 

Esso Resources Canada Ltd., estimates that about 
$35 million will be spent for vapor recovery units for 
the six phases of its commercial Cold Lake cyclic 
steam project In Alberta. 

Esso's L. Keeling told a Heavy Oil/Tar Sands meeting in 
Calgary early this year that Esso has developed a 
method in its experimental steam project at Cold Lake 
that can recover more than 95 percent of produced 
vapors. 

After the steaming portion of each cycle is completed 
and a well is turned around to production it becomes 
essential to assist the process as much as possible by 
venting and lowering the pressure in the well casing. 

For thermally stimulated wells, venting is cyclic, takes 
place under rapidly changing conditions and at present 
requires considerable equipment to ensure suitable con-
trol, vapor conservation and protection of the environ-
ment. 

The vapors contain insufficient usable gas to make 
collection for fuel economically attractive. Canadian 
authorities require casing gas to be recovered for 
conservation and environmental protection. 

Production flows from the well begin with bottom-hole 
pressures as high as 2,500 kPa and wellhead tempera-
tures of 250° Celsius, but these decline to values of

100 kPa and 60° Celsius by the end of the cycle. 

For the first few days the well is allowed to flow up the 
tubing, through a choke, with all fluids passing directly 
to the production flowline and on to the central plant 
site. Then, when pressures have declined somewhat, 
the well casing is allowed to vent directly to the 
flowline and this Is continued until the casing pressure 
falls to the level of the flowline at the wellhead. 
Usually, however, before this point Is reached the 
bottom-hole rod pump is seated and started. The pump 
Is then operated continually from that point until the 
end of the cycle. 

During this relatively short period that the casing is 
vented directly to the flowline It is also allowed to 
depressure via a choke to the vent gas collection 
system of the satellite pad and this route eventually 
takes over as the only path by which the vapors are 
handled. 

At Cold Lake the wells are generally not managed as 
individuals, rather their operation Is considered in 
terms of rows of wells operated simultaneously, to a 
schedule, at each twenty-well pad. 

Figure 1 shows the composite of flows of well vapors 
from the two ten-well groups which make up the typical 
twenty-well pad.

FIGURE 1
TYPICAL 20 WELL PAD 

VAPORS VENTED CYCLES I & 2 

The solid lines represent the totals of the hydrocarbon 
and water vapors being collected into the facilities. 
The lower, dotted line represents the volumes of non-
condensibles that are compressed at the site for injec-
tion into the group pipeline. 

The initials P and V mark the point on the time scale 
when pumping and vent collection, respectively become 
operational. The volumes of vapor shown (unshaded 
portion) below and to the left of the vent symbol V are 
those that are collected directly into the tubing and 
flowline. 
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The shaded areas represent the volumes that require 
some form of treatment and compression. 

As the figure shows, upwards of 100,000 cubic meters 
per day of vapor can be vented from the casings of 
twenty wells for a few days in the first cycle of a pad's 
life. 

Figure 2 shows how the volumes of casing vapors are 
expected to fall off over eight cycles and it emphasizes 
the amount of over-capacity that could be built into 
compressors and related hardware if these units were 
selected on the basis of first cycle peaking. 

FIGURE 2 

VENT VAPOR PEAKING OVER 8 YEARS 

COMPRESSORS

FIGURE 3 

VAPOR RECOVERY SYSTEM 
TO ATMOSPHERE 
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process. There is a closed circuit glycol/water cooling 
system employing aerial coolers which services both the 
condenser and the compressor water system. 

YEARS 

Ease therefore provides two compressors to provide 
greater flexibility in handling the variable demands. As 
the figure shows, both units will be operated initially 
and then later one unit will become an on-line spare. 
With this arrangement of equipment and sparing capac-
ity, it is estimated that over the life of the pad more 
than 95 percent of the produced vapors can be con-
served. 

The vapor handling unit on each twenty-well pad ac-
cepts vapors from a vent header which operates at a 
low pressure and pipes them to a vent gas separator 
(Figure 3). Here all free liquids are removed and the 
vapors are passed to a condenser/cooler which lowers 
the temperature to between 50° and 60°C. Next the 
majority of the water is removed in the condenser/sep-
arator and the remaining vapors enter the compressors 
which can raise them to above the group line pressure 
of the specific pad. This may be as high as 900 kPa 
gauge. 

All liquids that have separated out in the earlier vessels 
are pumped out to join the gases in the group line. 

Esso Resources is using a compression loop design that 
includes a recycling stream of cooled water that 
actually contacts the process vapors. To recover and 
reuse this water a knock-out scrubber is included after 
the compressors, and this vessel also removes any 
further excess condensibles that would be surplus to the

SYNCRUDE'S TAILS OIL RECOVERY IMPROVES 
EXTRACTION EFFICIENCY 

Since startup of the Syncrude Canada Ltd. plant, 
several refinements have been made to improve bitu-
men recovery. As enumerated by D. C. Adams these 
include: on stream oil sand grade analyzers, automatic 
caustic addition controls, and density, temperature and 
level controls. 

The Secondary Flotation circuit did not perform to 
expectations initially, mainly due to excessive fluctua-
tions in the middlings flow rate. Modifications to the 
Secondary Flotation Circuit were completed In 1983 
and 1984 including a new feed system, installation of 
new agitators, automatic level controls, and new dis-
charge system. As a result, bitumen loss to Secondary 
Flotation tails has been reduced to a very low level. 
The largest bitumen loss remaining is to the coarse sand 
tails stream from the Primary Separation Vessel under-
low. The loss can be significant when lower grades of 

oil sand are processed. 

The process now developed by Syncrude to overcome 
this involves an additional stage of bitumen separation 
from the tailings by means of Induced air flotation of 
bitumen, and gravity settling of sand. Both tasks are 
performed in a single conical vessel, utilizing the top 
portion for the aeration of the slurry and collection of 
recovered bituminous froth and allowing sand to form a 
relatively dense bed at the bottom. The unit is shown 
schematically in Figure 1. Tails from the primary 
separation are introduced at the surface of the Tails Oil 
Recovery Vessel and distributed vertically. At the 
same time a portion of middlings, withdrawn from the 
vessel, is pumped back to the unit, aerated and dis-
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charges directly underneath the feed. in this manner 
the PSY tails teed is contacted with aerated middlings. 
As a result aerated bitumen droplets form a froth and 
remain on surface. The troth is collected In launders, 
cleaned, heated, and pumped for further processing. 
Sand settles to the bottom and is withdrawn. Middlings 
from the Tailings Oil Recovery Vessel are collected and 
passed to the existing secondary flotation circuit. 

FIGURE 1 
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Figure 2 shows the effects of flotation modifications 
and tails oil recovery projects on bitumen recovery 
rates. Recovery of the Tailings Oil Recovery Vessel 
froth makes a major improvement when low grade oil 
sands are processed.

FIGURE 2 

BITUMEN DISTRIBUTION VS. GRADE 
OV•RSIZI p .J.ctt LØSS 

To	
PRIMARY ?ROTN

: 

so
9

	

	 it	 13	 14 
OIL SAND GRADS, it)

In addition to the benefits resulting from Improved 
bitumen yields, the new system will give a higher solids 
concentration in the tailings, thin reducing the rate of 
sludge buildup in the tailings pond. 

PHYSICAL SEPARATION PROCESS DEVELOPED FOR 
HIGH-VISCOSITY TAR SANDS 

United States Patent 4,486,294 by Miller at al and 
assigned to the University of Utah demonstrates a novel 
process for separating high viscosity bitumen from tar 
sand. 

Various processing strategies for tar sands have been 
explored over the past 50 years. However, because of 
the signlflcnat differences in the physical and chemical 
nature of Utah tar sands as compared to Canadian tar 
sands, and because of the great differences in climatic 
conditions between the two locations, the technology 
developed for the Canadian tar sands cannot be applied 
to Utah tar sands directly. 

An important feature of the Utah tar sands is their 
substantially greater bitumen viscosity in comparison to 
the bitumen viscosity of Canadian tar sands. For 
example, the viscosity of bitumen from the Asphalt 
Ridge deposit is about one order of magnitude greater 
than the viscosity of Canadian bitumen. Tar sand 
samples from the Sunnyside deposit have a bitumen 
viscosity that is about two orders of magnitude greater 
than the viscosity of Canadian bitumen. The viscosity 
of bitumen from a Tar Sand Triangle sample Is well 
over four orders of magnitude greater than the viscos-
ity of bitumen from the Canadian deposits. 

While relatively good separation of the bitumen from 
the tar sand has been obtained using variations in the 
hot water separation processes, any hot water process-
ing strategy requires substantial energy input The 
required energy input for digestion in the hot water 
process is at least 45 kilowatt hours of energy per ton 
of tar sand processed. In the ambient temperature 
process of this present invention, the energy input for 
size reduction Is less than 13 kilowatt hours per ton. 

The invention is a novel process for obtaining bitumen 
from high viscosity tar sands whereby phase disengage-
ment Is accomplished by mechanical size reduction. 
Phase disengagement is followed by flotation to achieve 
phase separation. Because of the high viscosity of 
bitumen found in the Sunnyside deposit and the Tar 
Sand Triangle deposit, it has been found possible to 
achieve phase disengagement by conventional size re-
duction techniques at ambient temperature. Improve-
ments in the phase disengagement are obtained using a 
controlled amount of wetting agent such as sodium 
carbonate or sodium silicate. The addition of a suitable 
promoter such as fuel oil in limited quantities has been 
found to greatly assist phase separation by flotation. 

Figure 1 is a schematic representation of a high viscos-
ity tar sand sample (10) which includes a plurality of 
sand particles (12) embedded and otherwise bonded 
together by a matrix of bitumen (14). 
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For purposes of this invention, it has been found that 
the bitumen in the tar sand to be treated must have a 
viscosity greater than about 50 poise at 90°C if the 
mechanical size reduction and phase disengagement 
step is to be conducted at no lower than ambient 
temperature. 

Tar sand (10) is suitably crushed or round by conven-
tional size reduction techniques (crushing and grinding), 
indicated generally by heavy arrows (20) to accomplish 
the phase disengagement between sand (12) and bitumen 
(14) as illustrated at the right in Figure 1. Lower 
viscosity tar sand results in no suitable phase disen-
gagement between sand particles and bitumen. 

Although conventional grinding techniques are utilized, 
care is taken to preclude excessive size reduction. In 
Figure 3, it is seen that as the percentage of sand 
particles smaller than about 100 microns increases, the 
bitumen recovery increases dramatically, reaches a 
maximum, and then decreases slightly. While the 
precise reason for this modest reduction in the effi-
cency of separation at finer particle sizes is not clearly 
understood, it is believed that excessive grinding of 
sand particles results in a fine sand which tends to float 
along with the bitumen during the flotation process. 
Furthermore, excessive size reduction causes a portion 
of bitumen to become agglomerated so that a portion of 
the bitumen reports to the sand discharge. 

Figure 2 is a schematic illustration of the process. Tar 
sand is introduced into a conventional grinding circuit 
along with water and a suitable wetting agent. Suitable 
wetting agents are sodium carbonate or sodium silicate. 

The finely divided tar sand, water and wetting agent 
slurry passes from the grinding circuit to the condi-
tioner where a promoter is dispersed in the tar 
sand/water/wetting agent slurry. The promoter is in 
the form of an oil and combines with bitumen to further 
increase the hydrophobicity of bitumen.
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The promoter used is a neutral, molecular oil such as 
fuel oil, kerosene, or the like. It was found that 
approximately 90 percent of the bitumen was recovered 
in the concentrate using the promoter versus about 
8 percent without promoter. 

Unlike the prior hot water processes, phase separation 
is achieved by a conventional flotation technique. That 
is, the flotation step Involves the attachment of air 
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bubbles to the hydrophobic surface of the bitumen 
particles. By way of comparison, bitumen in the hot-
water separation process is hydrophilic so that the 
modified flotation technique involves entrapment of air 
bubbles in the bitumen phase. 

In one experimental procedure, tar sand from the 
Sunnyside deposit was introduced into the grinding 
circuit in the amount of 70 percent (by weight) tar sand 
with the addition of soda ash and water. The tar sand 
was ground less than 100 microns in size. 

Passing to the conditioner, a 20 percent mixture of 
ground tar sand and water was introduced into the 
conditioner, and promoter in the form of fuel oil was 
added in the amount of 5 pounds per ton of tar sand. A 
suitable dispersant (sodium silicate) in the amount of 
5 pounds per ton was also added to the conditioner. The 
mixture was then passed to the flotation cell to produce 
a bitumen concentrate and a sand tailing. The mass 
balance for bitumen recovered showed 93.84 weight 
percent recovery. A substantial quantity of sand 
(40 percent) was carried over with the bitumen concen-
trate. However, the sand tailing was relatively clean, 
containing only about 1 percent by weight bitumen 
thereby indicating the very high percentage of bitumen 
recovered in the bitumen concentrate. 

OLEOPmLIC SIEVE PILOT PLANT TARGETS SLUDGE 
RECOVERY FROM TAILINGS PONDS 

The Kruyer oleophilic sieve process was last updated in 
the Pace Synthetic Fuels Report June 1984, page 3-20. 
The process is based on the discovery that when a 
mixture of oil phase and aqueous phase Is passed 
through a sieve made of oleophilic materials, the aque-
ous phase and hydrophilic solids will pass through the 
apertures but the oil will adhere to the surface. 

The application of the oleophilic sieve to the recovery 
of bitumen from Suncor tailings pond sludge is being 
piloted by Oleophilic Sieve Development of Canada Ltd. 
(OSOCL) under an agreement with the Alberta Oil Sand 
Technology and Research Authority and Suncor Inc. 
The pilot plant, located in Edmonton, operates on 
sludge which is transported by truck from Fort 
McMurray. Piloting, using a sieve configuration 
specifically designed and constructed for sludge, began 
in September 1984 and operated through June 1985. 

The Suncor tailings contain large quantities of bitumen 
(about 10 percent of the original bitumen in the oil 
sand) which are not captured through the extraction 
plant; and represent a potentially large resource for 
further recovery. The estimated hydrocarbon content 
of Suncor tailings ponds is over 3 million cubic meters. 

Within the ponds, the tailings segregate in three layers. 
The bottom layer consists of coarse sand. The middle 
layer is a continually accumulating layer of fine 
minerals, bitumen and water called sludge. The top 
layer is a reservoir of relatively clear water suitable 
for reuse.

Suncor presently plans to transfer sludge from their 
tailings ponds to specific holding areas in the mined out 
portion of their lease. This will entail transfer of 150 
to 250 million cubic meters of sludge over the period of 
1990 to 2005. This provides an opportunity to recover 
additional hydrocarbons from sludge provided a suitable 
technology is available. 

Figure 1 Illustrates the current configuration assembly 
used to separate bitumen from the sludge. It consists 
of an endless oleophilic sieve mesh belt wrapped around 
a revolving apertured drum (separation zone) at one end 
and a set of three steam heated rollers (bitumen 
recovery zone) at the other end. The apertured drum is 
charged with oleophilic free bodies (steel balls). Sludge 
containing dispersed bitumen is fed into the apertured 
drum through a rotary seal mounted in the drum axis. 
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When the drum is rotated, the free bodies attract and 
agglomerate the bitumen particles. A layer of bitumen 
that builds up on the free bodies, ultimately sloughs off 
and is extruded through the walls of the apertured drum 
and onto the oleophilic sieve belt. The belt permits the 
water and the hydrophilic minerals in the sludge to pass 
through its apertures while capturing the oleophillc 
bitumen and minerals. The belt conveys the captured 
bitumen and the entrapped minerals to steam heated 
rollers. These steam rollers reduce the viscosity of the 
bitumen and allow It to collect as a warm, free-flowing 
bitumen product in the recovery zone. 

A commercial application of the Kruyer Process will 
have a 90 percent projected on-stream availability to 
achieve a minimum of 80 percent bitumen recovery 
when processing sludge. The target quality specifica-
tions for the bitumen product will be: minimum of 
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50 percent bitumen, maximum of 25 percent solids and 
the remainder being water. 

An extended performance run of 90 hours duration was 
conducted in April 1985 using optimized variables es-
tablished from the results of previous test runs. The 
performance run was conducted at feed rates of 1.1 and 
2.1 tonnes per hour. Average bitumen recovery was 
85 percent, based on processing feed containing 
6.1 weight percent bitumen. 

The bitumen recovery was found to be dependent on the 
grade of feedstock. However, the quality of the 
product bitumen was relatively independent of the 
grade of feedstock. 

Separation of bitumen was effectively carried out at 
pilot plant ambient temperatures (15 0C). The only 
heating required was for removing bitumen from the 
oleophilic sieve to yield a free flowing deaerated bitu-
men product. 

Based on the limited work undertaken to date there is 
still insufficient data to prepare a conceptual design of 
a commercial recovery plant. Further work is neces-
sary with mature sludge. If the results are successful, a 
pilot plant in the field would be needed for continuous 
testing on a range of feedstocks from various locations 
and depths within the ponds. 

Suncor plans to initiate sludge transfer in 1990. Thus it 
will be necessary to prove the viability of a process for 
bitumen recovery by 1988 at the latest. 

It,, 

NEW CORRELATION DEVELOPED FOR CETANE 
NUMBER OF OIL SANDS SYNCRUDF.S 

Syncrude Canada's capacity addition program will in-
stall a bitumen catalytic hydrocracker and an asso-
ciated mid-distillate hydrotreater. This program will 
Increase the synthetic crude oil production rate to 
138,000 barrels per calendar day in 1988 from the 
current output of 121,000 barrels per calendar day. 
Cetane number of the light gas oil fraction Is an 
Important quality improvement item in addition to 
hydrodesulfurizatlon and hydrodenitrogenation. 

Syncrude at one time experienced difficulty in obtain-
ing a stable supply of diesel fuel. The company 
conducted extensive studies aimed at using its own 
products for an alternative fuel in case of a commercial 
shortfall. Included were field engine tests of mobile 
equipment using hydrotreated light gas oil and pilot 
plant hydrogenation of this material to reduce aroma-
tics content, thereby increasing octane number. The 
results from both tests were encouraging. However, as 
the fuel market recovered, the plans for self-suffi-
ciency were shelved. 

Nevertheless, the technical program led to useful find-
ings, including the fact that to predict cetane number, 
the ASTM octane index and other published octane 
indices could not be applied to the thermally cracked 
distillates from northern Alberta bitumen.

S. Yui and E. C. Sanford, of the Syncrude Canada 
research department, reported to the American Petro-
leum Institute 50th Mid-Year Refining Meeting in May 
that an improved octane index has been developed. 

The cetane number Is the measure of the Ignition 
properties of diesel fuel. It is common practice to use 
as an approximation a cetane index calculated from 
other properties of the fuel. 

There are several published equations to predict cetane 
indices; however, they all have limitations when applied 
to synthetic distillates from northern Alberta bitumen 
and heavy oils. 

The ASTM equation (ASTM D976-80) is not applicable 
to synthetic fuels. The average bias (observed eetane 
number-minus calculated cetane Index), for example, 
for the hydrotreated products of coker gas oil from 
bitumen is about minus 8. Other equations developed 
more specifically for Canadian fuels still exhibit stand-
ard deviations of 3 to 5 in the cetane index. 

The new equation employs the following parameters: 

• Density (DE, grams per cubic meter) at 2C 

• Mid-boiling point (MP, degrees C) of simulated 
distillation 

• Aniline point (AP, degrees C). 

The data used for regression analyses were 92 synthetic 
oils with various cut points from coked and hydro-
treated distillates from Athabasca bitumen and hydro-
treated CANMET distillates from Cold Lake heavy oil. 
From them, the following equation was developed:

FIGURE 1 
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Cl = -313.85,- 1.6723 (DE)(MP) - 9.6608 (DE)(AP) 
287.75 (DE) (log MP) * 0.0016550 (MP)4 
3.5542 (AP) (log MP) 

As illustrated in Figure 1, this equation (its the data 
with a standard deviation of only 1.34 in octane num-
ber. (see Figure 1 preceding page) 

ANGELOV AND SHIRLEY PATENT MECHANICAL 
SEPARATION PROCESS FOR OIL SANDS 

United States patent 4,498,971 issued February 12, 1985 
to G. Angelov and P.W.M. Shibley, assigned to Bitumen 
Development Corporation Limited, relates to the separ-
ate recovery of oil and other components from oil sands 
or from heavy crude oil which may or may not contain 
sand. 

Oil sands are said to comprise sand particles covered 
with bituminous material consisting of oil, asphaltenes, 
and polars. Typical oil sands may contain from about 10 
to 20 percent by weight bituminous material and from 
about 80 to 90 percent by weight sand, with the sand 
particles being from about 150 to 40 mesh (100 to 
350 microns) in size. 

The invention is based on the discovery that it is 
possible to effect separate recovery of oil and of the 
asphaltene and polar components from oil sand material 
by cooling the material to a temperature at which the 
material behaves as a solid, crushing the material to 
produce relatively coarse particles containing a major 
proportion of the sand and oil and relatively fine 
particles containing a major proportion of the asphal-
tènes and polars, mechanically separating the coarse 
particles from the fine particles, treating the coarse 
particles to remove oil, and treating the fine particles 
to remove asphaltenes and polars. 

The overall process may include burning recovered 
asphaltenes and polars to provide energy, using at least 
some of the energy to operate a plant for producing 
liquid nitrogen and oxygen, using the liquid nitrogen to 
achieve the cooling of the material, and using the 
oxygen in the burning of recovered asphaltenes and 
polars. 

As described in the patent, bituminous sands are first 
cooled in a refrigeraton step to a temperature at which 
the material becomes solid, preferably in the range of 
from about minus 30°C to about minus 70°C using liquid 
nitrogen. The cooled bituminous sands then are lightly 
crushed, for example by a hammer mill, with the low 
temperature being maintained by liquid nitrogen. Dur-
ing the cold crushing step, oil coated sand particles 
break away from one another, and fine asphaltene and 
polar particles break away from the sand. The cold 
crushing step is conducted in such a manner that the 
original size of the sand particles is not substantially 
reduced. 

The crushed mixture is then passed to a classification 
step where particles smaller than about 100 mesh

(150 microns) are separated from larger particles, with 
a low temperature again being maintained by liquid 
nitrogen. The fine fraction will typically be about 
25 percent of the weight of the original bituminous 
sands and contain about 75 percent of the bitumen. The 
coarse fraction will typically contain about 75 percent 
of the weight of the original bituminous sands and 
contain about 25 percent of the bitumen. 

The coarse fraction (containing much of the oil and a 
minor proportion of asphaltenes and polars) then oro-
coeds to a solvent extraction step where the bituminous 
content is extracted by use of pentane at minus 30°C to 
minus 70°C to dissolve oil and not the asphaltenes or 
polars. The resultant mixture of asphaltenes, polars, 
sand, and oil-containing solvent proceeds to a two-stage 
liquid/solid centrifugal separation step. In the first 
stage, the solvent, asphaltenes, and polars are decanted 
from the sand, and In the second stage the oil-contain-
ing solvent is separated from the asphaltenes and 
polars, with most of the solvent passing to a solvent 
evaporation step. The solvent is evaporated leaving the 
oil behind. 

The asphaltenes and polars proceed to storage, and the 
coarse sand particles with the remaining solvent pass to 
a residual solvent recovery step. 

The tine fraction (containing most of the asphaltenes 
and polars and a minor proportion of the oil) from the 
cold classification step Is passed to a solvent extraction 
step where the oil content is extracted with pentane at 
minus 30°C to minus 70°C to dissolve oil and not the 
asphaltenes or polars. The resultant mixture of asphal-
tenes, polars, sand, and solvent proceeds to a two-stage 
liquid/solid centrifugal separation step. In the first 
stage, the sand is recovered with low centrifugal 
forces, and in the second stage, higher centrifugal 
forces are used to recover the asphaltenes, polars, and 
fine sand/silt. The asphaltenes and polars are dried and 
sent to storage, and the sand and remaining solvent are 
passed to a residual solvent recovery step. 

The separated oil-containing solvent proceeds to a 
solvent evaporator. Sand and remaining asphaltenes 
and polars from a residual solvent recovery step pro-
ceed to a solid-solid classification step from which the 
separated asphaltenes and polars are sent to storage. 
The remaining solids may contain significant concentra-
tions of metals such as nickel and titanium, which may 
be treated in a metal recovery step. 

The invention is also said to be applicable to the 
separated recovery of oil and other components from 
heavy crude oil containing sand. Further, even if heavy 
crude oil does not contain any sand, separate recovery 
of oil and asphaltene and polar components can be 
obtained by using cooling below the glass point of the 
oil, crushing, and solvent extraction steps in accordance 
with the invention.

- 
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INTERNATIONAL 

UNIT AR REPORTS EXTENSIVE HEAVY OIL AND 
TAR SANDS IN THE SOVIET UNION 

General 

A new report issued by the UNITAR/UNDI' Information 
Centre for Heavy Crude and Tar Sands, and authored by 
D. M. Pane, provides a comprehensive look at the heavy 
oil and tar sand resources of the Soviet Union. 

Heavy crude oil and tar sand (bitumen) resources are 
widespread in the Soviet Union (Figure 1). In several of 
the deposits, pilot projects have been set up to experi-
ment with recovery techniques. Soviet plans call for 
expansion of research in this area. 

Information on Soviet resources is sketchy. Soviet 
Union representatives who participated in UNITAR's 
First and Second International Conferences on The 
Future of Heavy Crude and Tar Sands indicated that 
scientifically substantiated assessments of bitumen re-
sources had not yet been carried out. Analysis of even 
the Soviet Union's light oil production and resources has 
always been difficult because of the Soviet refusal to 
publish statistics. In spite of the lack of complete and 
precise information on the size of heavy oil and bitu-
men resources, enough data about the locations and 
properties of these resources can be gathered to draw a 
general picture of the situation.

Deposits have been found in almost every oil-bearing 
region within the country, including the Caspian Basin, 
the Volga-Urals area, Siberia, Central Asia, the 
Ukraine, and Sakhalin Island. 	 - 

Estimates on the total resources of heavy crude and tar 
sands in the Soviet Union vary widely. Meyer at al, 
have estimated a heavy oil reserve of 22 billion barrels 
(discovered and undiscovered), or 220 billion barrels in-
place, assuming a 10 percent recovery rate; they have 
also estimated the reserve of bitumen in-place at 
1,153 billion barrels. Soviet Geography cites an article 
in KazakhstanskayaPravda with an estimate of 50 bil- 
lion tons of bitumen (366 billion barrels), while another 
estimate is 600 billion barrels of bitumen. 

The Soviet Union is the world's leading producer of 
petroleum. Soviet Union crude oil production exceeds 
that of the United States or any of the countries of the 
Middle East 

Oil output rose steadily in the Soviet Union each year 
since World War II until 1984, when for the first time 
since the war production declined. In recent years the 
rate of growth had slowed considerably since the rapid 
expansion of the 1950s with an average annual growth 
rate of almost 15 percent per year, or the 1960s with 
average annual growth rate of at most 10 percent 
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Between 1982 and 1983, production increased by only 
0.81 percent, and in 1983 oil production was 12.38 mil-
lion barrels per day. In 1984 production declined 
0.1 percent, suggesting that a plateau had been reached 
in production of light and medium crude, and that 
further growth will be difficult to sustain (Figure 2). 
However, huge additional reserves could become avail-
able through the recovery of heavy oil and bitumens. 
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Heavy Oil and Bitumen Recovery. 

The main Soviet fields with heavy oil are in the Volga-
Urals, Kazakhstan, Eastern Siberia, and Central Asia, 
although heavy crude oils are found in the other petro-
leum producing areas, such as Sakhalin Island, Byelorus-
sia, and the Komi ASSR. Although fields of heavy 
crude have been reported in all of these areas, it 
appears that most of the activity related to heavy oil 
recovery has been in the Volga-Urals region, and in the 
Caspian Sea and North Caucasus areas of Azerbaijan 
and Kazakhstan. 

The largest bitumen reserves in the Soviet Union are in 
the Volga-Urals basin, and Central Siberia. Although 
Volga-Urals bitumen reserves are often thought to be 
the country's largest, recent data assessing the reserves 
in Siberia suggest that the bitumen reserves in that 
area are even larger. Additional known bitumen re-
sources are found in the Ukraine, the Azerbaijan Re-
public, Kazakhstan and elsewhere. 

The Soviets have engaged in research and field tests 
with essentially all of the heavy oil recovery processes 
investigated elsewhere, and apparently have engaged in 
innovative research as well. This includes both in situ 
tests in wells, and surface and underground mining 
techniques. Steam injection has been applied success-
fully at heavy oil fields such as Katangli and Okha on 
Sakhalin Island. In situ well methods, where bitumen is 
produced after heating the reservoir by steam injection 
or partial burning are underway in the Krasnodar

region, the Emba fields, on Sakhalin Island, and in 
Azerbaijan. In Tataria, in situ combustion has been 
tested in three locations. Polymer flooding has been 
successful, and other methods, such as Injection of 
sulfuric acid, solvents, and reservoir stimulation by 
hydroabrasive material and high-frequency electric cur-
rents have been tested as well. A "thermal mining" 
technique has been used successfully at the Yarega 
bitumen deposit in the Timan-Pechora basin in Komi 
ASSR, in which thermal stimulation by cyclic steam 
Injection is combined with drainage mining. Several of 
these methods are said to be commercially viable. 

The principal methods used for tar sands recovery in 
the Soviet Union are in situ combustion and steam 
injection, which have been developed to the stage of 
commercial testing, and underground and open pit min-
ing techniques. The All-Union Oil and Gas Scientific 
Research Institute (YNllneft) has studied the costs of 
tar sands recovery. According to their data, the costs 
for tar sand crude recovery by steam Injection are 
relatively high, but are still lower than the costs for 
open-pit or shaft mining. In mining and thermal mining 
techniques, the personnel are working subsurface, and 
there are high costs for ventilation and special mea-
sures to prevent an explosion. It is estimated that in 
the Soviet Union the costs for these measures reach 15 
to 20 percent of the total oil production costs. 

In another study, an economic evaluation of tar sands of 
Ashal'chinsk in Tataria examined the economics of four 
processing schemes. One scheme was directed toward 
asphalt production, and a second toward asphalt and 
lube production. The third scheme was for fuel produc-
tion with fluid coking, and the fourth fuel production 
with hydrocracking. 

It was found that the relative costs of processing the 
tar sands rise as the crude is further processed. Pro-
cessing heavy tar sand crude was found to be two and 
one-half times more expensive than light oil. Thus, the 
asphalt and asphalt/lube processing schemes were con-
sidered economically the most effective. 

In a paper presented to the Eleventh World Petroleum 
Congress in London, in 1983 by several representatives 
of the Soviet Oil Industry, the engineers claimed that 
they can produce tar sands by the in situ mining method 
for about $12 to $15 per barrel. 

The Volga-Urals Basin 

The Volga-Urals region is rich in both heavy crude and 
tar sands, with what is thought to be the largest 
reserves of bitumens in the Soviet Union. Different - 
writers have used different names to refer to the main 
areas. Some writers refer to the main deposit areas in 
the Volga-Urals basin by the name of the administrative 
districts in which they are located, namely, Tatar 
ASSR, Kuibyshev region (oblast), and Ulyanovsk region. 
On the other hand, others have used deposit names to 
describe the four main bituminous areas in the Volga-
Urals area as South Tatar-Melekess, South Emba, 
Zhiguli, and Malo-Kinel. 

One of the main bitumen deposits is Melekess, located 
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near Dicnitrovgrad in Ulyanovsk Oblast. A figure of 
19 billion tons of bitumen resources has been cited for 
the Permian sediments in the Melekess fields. With a 
density of -2.90 to 20.7°API, this would mean approxi-
mately 109 to 129 billion barrels of bitumen in place. 

The Soviet Union State Planning Committee claims that 
in addition to the bitumens in the Permian sediments, 
another 300 billion tons of bituminous rock are found in 
the Volga-Urals basin in Devonian and Carbonic forma-
tions. This could yield about 63 to 95 billion barrels of 
bitumen in place. Thus, total bitumen resources in the 
Volga-Urals would be at least 172 to 224 billion barrels 
bitumen in place. 

However, bitumen resources in the Volga-Urals basin 
are probably significantly larger, since new bitumen 
deposits continue to be discovered as prospecting work 
is carried out. Bitumen oriented drilling work since 
1970 has resulted in the discovery of an additional 80 
bitumen deposits in recent years. 

Pilot projects have been carried out in the Tatar 
Republic to work out methods of bitumen production. 
Extraction of bitumen from the Shugurovsky field began 
as early as 1906, and continued until 1943. Production 
was done through adits. Currently pilot production of 
bitumen in sandstones is underway at three locations in 
Tataria. These are Sugushlinsk, Mordovo-Karmaly, and 
AshaVchinsk. 

Bitumen deposits in Tataria are found from the surface 
to a depth of up to 400 meters. The Permian bitumens 
of Tataria are oxidized, super-viscous, highly sulfurous 
oils. Their specific gravity ranges from -2.9° to 
17.5°API. Viscosity varies from hundreds to many 
thousands of eentiposes. 

At the Sugushlinsk deposit in Tataria, pilot-commercial 
injection of steam, sulfuric acid, solvents, in situ com-
bustion, reservoir stimulation by hydroabrasive mater-
ial, and high-frequency electric currents have been 
tested. At Sugushlinsk, open pit surface mining of tar 
sands is said to provide profitable recovery. 

In the Mordovo-Karmaly field, South dome, in situ 
combustion has been used, while on the North dome, 
steam recovery has been performed. Intraseam burning 
and a combined steam-and-heat method were tried. 

Elsewhere in Tataria polymer flooding for recovery of 
heavy oil was successfully tested. Polymer injection is 
used both by itself, and in combination with surfact-
ants, and solvents and slugs of strong hydrogen sulfide 
acids. 

Other tar sands deposits in Tataria SSR are Podlessk 
and Ashal'chinsk. Density at Podlessk is 17 0API, and at 
Ashal'chlnsk is 15°API. The Ashal'chinsk deposit has a 
bitumen content of 14 percent in the sandstone. 

The Kazan Institute of Chemical Technology has pre-
pared a design for bitumen recovery from the 
Ashal'chinsk deposit. The project design calls for the 
extraction of the by-products nickel and vanadium, in 
addition to oil and building materials.

In the Kuibyshev area of the Volga-Urals region there is 
a bitumen deposit by the name of Pervomaisk. Com-
mercial reserves for this field have been estimated to 
be about 13 million barrels. 

In the Bashkiria area of the Volga-Urals region, heavy 
viscous oil is found at the giant Arlan field. 

The Sokolova field in Perm province has heavy oil. 
Sokolova crude is very viscous, with low sulfur, high 
resin, and low wax content. It is characterized by its 
high density (16.2°API), its low sulfur content of 
0.3 percent, and low wax content of 0.24 percent. it 
has a very high asphaltene content of 12.3 percent. 

Komi ASSR 

The Timano-Pechorsky basin (Timan-Pechora fields) is 
located in the Komi ASSR, an autonomous republic in 
the Northeastern corner of European Russia. 

Within the Timano-Pechorsky basin, the major known 
bitumen accumulations are Yarega, lisa, and Izhma. In 
addition, surface bitumen accumulations have been do-
cumented on the Chernov structure, the Chernyshov 
ranges, and the Southeast Timan structure. 

The experience at the Yarega oil field has been a 
particularly encoui'aging one, that has demonstrated the 
commercial recovery of heavy oil. This success has 
resulted in the application of the Yarega methods 
elsewhere, such as the current project in the Balakhany 
field in the Baku area. The Yarega method, called 
"thermal mining," combines thermal stimulation by cy-
clic steam injection with drainage mining. The Yarega 
thermal-mining development. It has been operating 
commercially since 1970 near Ukhta, about 800 miles 
northeast of Moscow. 

Presently three productive mines are operating at 
Yarega. Oil production is about 11,000 barrels of oil 
per day of 17.4° to 19.0°API. 

Plans have been drawn for expansion of commercial 
recovery at Yarega. These expansion plans would bring 
production to 1.6 million tons after reconstructing the 
existing mines and putting three new mines into opera-
tion. 

Another major deposit of heavy oil named Vezhavozh is 
located just south of Yarega. It will probably be mined 
in the same way as Yarega. A heavy crude oil pilot 
project has also been initiated in the Komi ASSR, in the 
Use field. There a pilot project involving steam injec-
tion was initiated in 1982. In addition, an experimen-
tal/commercial in situ combustion project was to start 
at Use. 

A large heavy oil field named Kharyaga lies 100 kilo-
meters north of Voseiskoye within the Arctic Circle. 
Production start-up at this field has been delayed. 

Several other old oil fields in Komi ASSR have heavy 
oil, namely Voyvozh, Nikel, Verkhnaya Omra, and 
Nizhnaya Omra. 
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Arctic offshore drilling began two years ago in the 
Pechora Sea, and has since moved northwestward into 
the Barents Sea. Heavy oil fields have been found on 
the Franz Yosef Islands in the Barents Sea. 

Siberia 

Siberia is now the leading oil producing region in the 
Soviet Union, constituting over 60 percent of the Soviet 
Union's crude oil production. 

In addition, Eastern Siberia has turned out to be a major 
bituminous region. Deposits are found in the Yakut 
ASSR, the Lena-Angara basin, and the Lena-Vilyui and 
the Lena-Tunguska provinces. It has been estimated 
that there are 70 billion barrels of bitumens in the 
Lena-Angara basin, and no less than 18 billion barrels of 
bitumen in the Lena-Tunguska province. However, 
recent data indicate that resources in these provinces 
are most probably much more plentiful. 

However, despite considerable resources, it Is not likely 
that production will begin in these deposits in the near 
future. Because of the remoteness of the location of 
the Yakut SSE in Eastern Siberia, these deposits are of 
less immediate interest than the smaller but more 
accessible bitumen fields of European Russia. 

The main bitumen concentrations in East Siberia are in 
the Yakut ASSR, in the two oil and gas bearing regions: 
Anabar and North Aldan. The names and locations of 
the main bitumen deposits are summarized as follows: 

Region	 Arch Deposit 

Anther	 Olenek Olenek 
Central Olenek 
Kuoisk 
Solo lisk 

Anabar Koti Maimechen 
Rassokha 
North Anabar 

Udzhinsk Udzhinsk 
Munsk Munsk 
Aykhal Stligir-Markha 

North Alden	 Ayano-Maiski Basin Ingilisk 
Yunsk 

North Aldan Tolbin 
Sinsk

Olenek is a major bitumen deposit, possibly the largest 
in the Soviet Union, and certainly the largest accumula-
tion of bitumen in East Siberia. Some writers have 
suggested that the Olenek deposit may be of the same 
order of magnitude as the Athabasca deposit 

Estimates on the size of Olenek have varied widely. A 
summary of several estimates is in the following chart:

Source	 Estimate 
(Billion Bbls) 

Beskrovnyy et al 1979 	 -	 9 
I{opylova 1961	 100 
Kopylova & Danoshkevskaya 1967 	 45 
Meyer Fulton & Dletzman	 600 
Meyerhoff	 120 

Lake Baikal is located in the Southern part of East 
Siberia. It has been reported that there are tar balls 
that wash up on the shores of Lake Baikal. These tar 
balls have been compared to the asphalts of the Dead 
Sea. 

In Western Siberia there Is a large heavy oil deposit 
located at Russkaya, just north of the Arctic circle and 
east of the Ob (Obskaya) Gulf. The Russkaya field 
covers about 300 square kilometers and is potentially a 
giant field. One estimate was that the Russkaya field 
contains at least 500 million barrels of recoverable oil, 
however, it is robably much larger. The crude oil has 
a density of 18 API. A fire flood pilot project Is being 
conducted. 

Sakhalin Island 

Sakhalin Island is located in the Pacific Ocean, just 
north of Japan. Several heavy oil fields have been 
found on the Sakhalin Island. The main heavy oil 
reserves known on Sakhalin are Okha, Katangli, UlgIe-
kut, East Ekhabi, and West Sabo. The heavy oil has a 
density of 170 to 220APL At Okha an alternating 
steam-water-steam process was first tested. Steam 
injection has been applied successfully at Okha as well. 
At Katangli steam injection has been applied. 

The Caspian Sea Area, Azerbaijan, Kazakhstsn 

More than ten deposits of tar sands have been deline-
ated around Azerbaijan. These deposits bear high-grade 
bitumens. Plans have been formulated to produce them 
by an open cast method. At least 25 heavy oil fields 
have been identified in the Baku area. The Baku fields 
of Sabunchiv, Balakhany, and Romany have produced oil 
without interruption since the 1870s. 

At the Balakhany field near Baku, an underground 
thermal mine is being constructed of the same type as 
those at Yarega in Komi ASSR. Because of deeper 
sandstones and greater gas content at Balakhany, some 
modifications were made to the Yarega design. How-
ever, there were delays in construction due to design 
and operational problems. When finished, planned re-
covery of heavy oil will be 4,000 barrels per day using 
steam injection. 

On the Southwestern coast of the Caspian Sea, about 
24 kilometers southwest of Baku, lies the Cheildag 
bitumen deposit, which is estimated to contain approxi-
mately 24 million barrels. 

Bitumen reserves estimated at about 2.1 billion barrels 
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have been identified in Kazakhstan. Two research 
institutes are working on the development of mining 
and processing technologies. At the Alma-Ata insti-
tute, work is being done on a mining technology suitable 
for exploitation of tar sands deposits. At the Gur'yev 
institute a laboratory has been working for several year 
on the chemistry and technology of tar sands, and it is 
said to have developed a thermal technique in the 
laboratory. 

Although oil has not been extracted commercially from 
the Kazakhstan bitumens, some of the material has 
been used in Western Kazakhstan for road surfacing. 
Heavy oil is being recovered from both Buzachi and 
Mangyshlak Peninsulas. 

Mangyshlak Peninsula, just south of Buzachi is Kazakh-
stan's main oil producing region. High-grade bitumen 
deposits are found on the Mangyshlak Peninsula in the 
Taspas and Tyubedzhik deposits, as well as in the 
Dzhangurshi locality. 

The Emba petroleum region is East of the Volga River, 
on the Northeast bank of the Caspian Sea. The oil in 
Emba is of "high and ultra-high" viscosity. Reportedly, 
oil saturations of 65 to 80 percent still exist in the 
Ernba sands, despite up to 50 years of production. 
Waterflooding has generally proved unsuccessful due to 
the high oil viscosity, so both steam injection and in 
situ combustion are being applied. Teren'uzyuk is a 
heavy oil field located in the Emba region in Kazakh-
stan. In one part of Teren'uzyuk in situ combustion is 
used. In another part where the oil is a little heavier, 
recovery is by steam injection. 

Another heavy oil field in South Emba is Karaarna 
located about 120 miles south of the Emba River. 
Karaarna oil has a density of 15°APL At Karaarna both 
in situ combustion and steam injection recovery are 
employed. More than 50 bitumen deposits are reported 
in the Emba area. They are associated with salt domes. 
In a number of appraised deposits bitumen content 
reaches 15 to 20 percent. One such bitumen deposit is 
located near the Shubar-Kuduk oil field, about 
370 miles notheast of the Caspian Sea. The bitiumen 
content in this "asphalt take" has been estimated to be 
as high as 95 percent. 

Tadjiklstan-Uzbekistan, Byelorussia SSR, Georgia SSR 

In the Tadjikistan-Uzbekistan region heavy oil is found 
in the vicinity of the city of Termez, on the border with 
Afghanistan, along the Amu Dana River. The heavy oil 
fields, Khaudag, Uchkuzyl, Lyalmikar, and Kokaity are 
in the Surkhan-Dania River Valley. Lyalmikar oil is the 
heaviest, with a density of 12.9°API. In Byelorussia 
heavy oil is found at the Kopatkevichi field. The 
density is 11.60API. The oil is highly sulfurous, with 
sulfur content reaching 8 percent by weight. Asphal-
tenes content is 25 percent by weight In the Georgia 
area, the Notanebi field is known to have bitumens.

Conclusions 

Heavy crude oil and tar sands are found in nearly every 
region of the Soviet Union. Though no precise informa-
tion is available on the size of each field, preliminary 
estimates place these resources in the range of 500 to 
2,000 billion barrels in-place. Table 1 summarizes the 
known deposits. 

While various pilot projects have been set up to experi-
ment with recovery techniques, and results with several 
methods have been encouraging, commercial production 
of bitumens occurs only at Yarega, with production of 
about 11,000 barrels per day by an underground thermal 
mining technique. 

Oils with a density of 20° to 29°API are being produced 
using EOR techniques such as steam injection and in 
situ combustion. Production of these oils is in the 
range of 300,000 to 500,000 barrels per thy. However, 
production of heavy oils (20°API or less) and bitumens 
does not appear to be more than 25,000 barrels per day. 

Heavy oil and bitumens are considered by some geolo-
gists in the Soviet Union as an important alternative 
resource for production of hydrocarbon fuel. The 
Unitar .report concludes that the Soviet Union's huge 
reserves can provide an additional source of fuel in the 
future. 

Current plans call for expansion of research in the 
heavy crude oil and bitumen resources. It is possible 
that greater emphasis may be given to this research, 
and to implementing commercial projects when the 
27th Soviet Party Congress meets in 1986. If stress is 
placed upon this development, then the pilot projects 
have shown that the technical barriers can be over-
come. 
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TABLE 1 
SUMMARY OF SOVIET UNION HEAVY Oil., AND BITUMEN 

IN-PLACE RESOURCES PRODUCTION 
MILLION BARRELS BARRELS/DAY API TYPE 

VOLGA-URALS 
Melekess 109000-127000 Bit. 
Devonian/Carboniferous 63.000-05,000 Bit. 
Tatar.: 200 bit.	 fields 350 -	 1000 Bit. 

SU9UShlinsk pilot conn'l Bit. 
Mordovo-Karmaly pilot tests 15.7 Bit. 
Podlesak 17 Bit. 
Ashal'chinsk pilot tests 15 Bit. 

Kuibyshev 
Pervomaisk 13 Bit. 

Bashkiria 
Arlan M.D. 

Penn 
Sokolova 16.2 M.D. 

KOHl ASSR 2.000-45,500 
Yarega 1.050 11.000 17.4-19 Bit. 
IZIVTIa 
Usa co,Nn'l	 pilot	 1982 7 N.D. 

EAST SIBERIA 
Lena-Angara 70,000 Sit. 
Tunguska 18.000 Bit. 
W. Yakut ASSR 

Sillgir-Mirkhs 13,000 Bit. 
Otertek 100,000-900,000 Bit. 
Kuoisk 7 Bit. 
5010115k 7 Bit. 
Rsssokhin 7 Bit. 
Upper Anabsr 7 Bit. 
Udzhinsk 7	 . Bit. 
Munsk 7 Bit. 
Koti-Malnchen ? Bit. 
tolbin 7 Bit. 
other fields I 

WEST SIBERIA - 
Russksys 500 pilot sInce 1975 18' M.D. 

KAZAKHSTAN eat 2,100 bit. 
Suzachi 

Karazhanbss 500 40,000-50.000 7? M.D. 
Kalantas 25-26 M.D. 

Mangyshlak 
UZOfl I 180.000 77 N.G. 
Taspas & Tyubedzhik Bit. 
Ozhsngurshi Bit. 

(ut. 
Teren'uzyulc 18-19.4 M.D. 
Karearna is M.D. 
50 bitumen deposits 7 Bit. 

Kerkiyak steam injection - 23.3 M.D. 
AZERBAIJAN 

Wielidag 24 
Balakhsny 4,000 planned 

TAD,iIKISTAN-UZBEKISTAN - 
Khsudag 20.3 M.D. 
Uchkuzyl ? 7 146 M.D. 
Lyalmikar 12.9 M.D. 
Kokaity 15.3 M.D. 

SAKHALIN ISLAND 
Okha steam injection 22' M.D. 
Katangli steam injection 19' M.D. 
Uiglekut 19.9' M.D. 
East Ekhabi 7 7 17-22 M.D. 
West Sabo 1722 N.D.

BYELORUSSIA SSR 
Kopstkevichl	 7	 7	 11.9	 M.D. 

GEORGIA 
Notanebi	 3	 7	 -	 Bit. 

TOTAL:	 At least $00.000-2.000.000 
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OIL SANDS DRILLING ACTIVITY PICKS 
UP IN CANADA 

The Alberta Energy Resources Conservation Board in a 
summary of 1984 activities noted a significant increase 
in oil sands exploration and development. 

Figure 1 presents the history of drilling activity for 
experimental oil sands wells. In 1984 experimental 
drilling increased by 61 percent over 1983, reflecting 
attractive prospects and favorable markets. The trend 
has been steadily increasing since 1978. 

Figure 2 shows the number of designated experimental 
oil sands projects. The increase from 1983 to 1984 was 
only 8 percent, indicating that the increased drilling 
activity noted in Figure 1 Is mostly going into bigger 
projects rather than more small projects. Nevertheless, 
the number of projects has increased steadily since 
1977. Information available to date for 1985 indicates 
that the trend is continuing.

FIGURE 2 
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OIL MINING ACTrdTIES INCREASE IN ROMANIA 

The production of oil by mining assisted extraction 
techniques is undergoing a significant test in Romania. 

Romania has had experience in oil production by mining 
methods since 1925 in the Meotlan reservoir of Santa 
Monteoru. Oil production is carried out by horizontal 
and vertical wells bored from underground. 

These oil reservoirs, which are 300 to 500 meters deep, 
and were first produced in 1857, still contain important 
oil reserves. 

Field tests of conventional EOR methods were stopped 
due to the channelling of the injected fluids through old 
non-cemented wellbores. By drilling wells from 
underground, It is expected that oil recovery methods, 
such as steam, polymer, mieellar, or alkaline injection 
can be used and evaluated in a shorter time. 

The Meotian Reservoir of Sarata-Monteoru 

The Meotian reservoir of Sarata-Monteoru is a 
monoclinal, outcropping reservoir. The inclination of 
the layers is between 34° and 360. A series of faults 
separates the reservoir into several tectonic blocks. 
These blocks are hydrodynamically separated. 
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The reservoir is divided into nine productive complexes 
with a total thickness of 250 to 300 meters (Figure 1). 
Each complex is made up of 2 to 5 sandy layers, 0.1 to 
2.5 meters thick. 

The reservoir rocks are fine to medium grained sands, 
generally poorly consolidated, sometimes turning to 
sandstones. 

FIGURE 1 
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In 1977, the design of an extension In depth of the old 
mine (horizon -25) was begun. The circulation shaft 
was deepened by 78 meters and 2 parallel, directional 
shafts communicating in between by cross-cuts were 
drifted at its base. The directional shafts were located 
in tight impermeable rocks and the cross-cuts crossed 
oil-saturated layers. in order to ensure the ventilation 
of the new mine horizon, a new raise crossing the 
saturated reservoir rocks was drilled. 

About 1,400 meters of mining were carried out (shafts, 
galleries, sloping planes, raises, drilling chambers, etc.) 
during the period 1979 to 1984. 

Also during this period in the old mine (horizon +44) 
the underground infill drilling of vertical wells began. 
In addition to the 5 wells which have been operating 
since 1948, 37 more vertical wells were drilled, 60 to 
115 meters deep, the objective being comlexes II and Ill 
(Figure 1). 

Beginning in October 1984, descending wells have been 
drilled from the underground -25 horizon, 80 to 
120 meters deep, the objective being the complexes IV, 
V, and VI. Also, horizontal wells, 80 to 100 meters 
tong, have been drilled with the objective being 
complex Ill (Figure 1). 
The drilling of both descending and horizontal wells is 
carried out from special chambers set up in directional 
shafts. The underground drilling equipment is 
pneumatically driven and is capable of drilling 
descending wells up to 160 meters deep and horizontal 
wells up to 250 meters long. 

Descending wells were equipped with a 5 inch tubing, 
slotted at the pay layers. The horizontal wells are 
equipped with one or two casings depending on the 
number of water-bearing layers to be opened and a 
2-3/8 inch tubing. Well spacing is between 30 and 
35 meters. 

Oil production from the descending wells is by airlift 
while that from horizontal wells is by gravity drainage. 

In 1981 to 1984 an average of 252 barrels per day oil 
was produced and in 1985 the oil production is expected 
to reach about 465 barrels per day. Extrapolating the 
results for a period of 10 years, the theoretically 
calculated average cummulative oil production will be 
9,919 barrels per well. 

On the basis of the results obtained, by 1987 the 
construction of a new mine is expected to begin. This 
mine will be planned to recover 5,390,000 barrels of oil 
in 30 years with an average recovery factor of 
50 percent. By 1988/1989, the results may be extended 
to other Meotian reservoirs. The drilling for 
supplementary geological surveys of these reservoirs 
began this year.

The Oligocene Reservoir of 
Runou-Bustenari 

In the Runou-Bustenari area, oil production began in 
1957 by manually bored shafts and wells. All In all, 
about 2,295 wells have been drilled. 

The main reservoir is Oligocene, mondunal, having 
slopes of 70 to 75 degrees. The reservoir has a 
complicated structure with longitudinal and transversal 
faults which divide it into a series of separate tectonic 
blocks. The reservoir rocks are fine to medium grained 
sandstones. 

A field test has been designed to be carried out within a 
pilot mine located in representative conditions of 
reservoir. The design of the pilot mine includes opening 
of the reservoir by two shafts, 330 meters deep each, 
located at a distance of 68 meters from each other. The 
shafts are located at the bottom of the pay formation, 
in impermeable rocks. 

A mining horizon will be created at the bottom of the 
shafts, which will be, in the first stage, in the 
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impermeable rocks of Podul MorU and later on in the 
reservoir itself (about 2,000 meters of galleries). The 
mining horizon is located at 30 to 40 meters above the 
initial oil/water level. 

Both horizontal and ascending wells, 100 to 150 meters 
long, will be drilled from chambers created for that 
purpose. 

The pilot mine area is 23.2 hectares. Recovery factor 
by primary methods in this area has been estimated at 
35 percent. It is estimated that by the mining method 
the recovery factor will increase to about 60 percent. 

Boring of the mine shafts with a diameter of 
2.96 meters was begun in 1984. The first shaft is to be 
ready in August-September 1985. By the end of 1985, 
the mining works should begin at the bottom of the 
shaft. 

The Oligocene Reservoir of Solent 

The production of oil at Solent began in 1886. The 
Oligocene formation is an out cropping anticline. The 
bed slope is about 18 to 30 degrees. The reservoir is 
divided into tectonic blocks by a system of almost 
vertical faults. 

An experimental program called Solent I is designed to 
develop shaft boring technologies, construction of wells 
and necessary tools. The research began in 1984 by 
testing blasting technologies and mining works in hard 
and very hard rocks, in an adit 200 meters long. 

In the program called Solont II, it is envisaged to bore 
two mining shafts 310 meters deep, about 2,200 meters 
of tunnels, and 8,000 to 10,000 meters of underground 
drilling. 

Cost of Oil Produced by Mining 

In the oil mine at Swats Monteoru, both mining works 
(galleries, shafts, raises, etc.) and underground drilling 
and oil production works have been constructed. The 
cost of those works, plus operating expenditures related 
to oil production, its treatment and transport show that 
the cost per ton of oil is under the cost of a ton of oil 
obtained in Romania by tertiary methods (polymer, 
micellar, or alkaline solutions injection). 

Work on production stimulation operations and on 
implementation of EOR methods in combination with 
mining assistance is under way. 

HEAVY CRUDE AND TAR SANDS UNDER 
DEVELOPMENT IN INDONESIA 

A report to the Third International Conference on 
Heavy Crude and Tar Sands in Long Beach, California in 
July outlined Indonesian developments in heavy crude 
and tar sands.

Heavy crude in Indonesia varies from 16° to 250API. 
There are ten fields that produce heavy crude oil and 
one that produces tar sands. The total original oil in 
place of heavy crude oil (excluding tar sand) in Indo-
nesia is estimated at 7.8 billion barrels, with Dud being 
by far the largest field. 

The original oil-in-place of the Durl Field is currently 
estimated at 7.1 billion barrels. The ultimate oil recov-
ery is estimated to be approximately ti percent under 
primary recovery. To enhance the oil recovery in this 
field a steamflood project is currently being imple-
mented, and the ultimate oil recovery is expected to 
increase to approximately 55 percent. 

The geographical locations of heavy crude oil fields and 
tar sands deposits can be seen in Figure 1. 

FIGURE 1 
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Tar sands are present at 19 locations on the small island 
of Buton, which is located 25 kilometers southeast of 
Sulawesi Island. Only five of those locations are being 
exploited. The reserves of tar sands are estimated to 
be 84.5 million tons. 

The tar sand deposits have been excavated since 1926. 
There are two methods of excavation. The first Is 
simply by removing the top soil and excavating the 
asphalt to approximately 4 meters depth. The other 
method is by blasting. The blasted asphalt deposit is 
then crushed to minus one-half inch. The asphalt is 
transported by a belt conveyor to the harbor for ship-
ment and use in domestic road construction. 

During the last 10 years, asphalt production has In-
creased significantly from a production level of 
75,000 tons in 1974 to 470,000 tons in 1984. 
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Heavy Crude Oils 

Heavy crude oils are spread throughout Indonesia, as 
shown in Figure 1. All of the fields are produced under 
primary recovery, except the Duri Field which Is cur-
rently being steamflooded. 

The viscosity of the Duri crude is t20 centipoise at a 
reservoir temperature of 100°F. The gravity of the 
Duri crude varies from 199 to 210API and the oil is 
accumulated in sandstone formations at depths from 
350 to 800 feet. 

Duri Field, operated by P. T. Caltex Pacific Indonesia, 
is located in Riau Province of Sumatra Island, Indonesia 
(Figure 1). It was discovered in 1941 and commercial 
production was started In 1958, after the transfer line 
to Dumal was completed. 

The primary production involved primary depletion with 
pumping and cyclic huff-puff jobs to assist the recov-
ery. The cumulative production as of January 1, 1958 
totaled 368 million barrels, representing approximately 
5.2 percent of its original oil-in-place. 

To increase production of the heavy crude of the Dun 
Field, a steamflood project, which is the biggest project 
of its kind in the world, is currently being implemented. 
The project will require the drilling of about 8,000 addi-
tional wells with project life of more than 40 years. 

The development of the Development Area I has been 
completed and steam injection was started in 
March 1985. Present development activity is concen-
trated on Development Areas 2 and 3 where steam 
injections are scheduled in 1986 and 1987, respectively. 

Except for Development Area 2 which is being devel- 
oped based on 15 acres-9 spot pattern, all other areas 
will be developed on 12 acres-7 spot pattern. 

gull 

MALAGASY OIL SANDS RETORTED IN 
TACIUK PILOT PLANT 

The Taciuk Process is a dry retorting process developed 
for the recovery of hydrocarbons from mined oil sands. 
As reported to the Third International Conference on 
Heavy Crude and Tar Sands in July 1985, the process 
has been successfully tested on oil sands from the 
Bemolanga deposit in Madagascar. A 550 megagram 
sample was processed in a 5 megagram per hour pilot 
plant to produce a light weight, low sulfur content, 
product oil. Hydrocarbon recovery of 0.7 mass fraction 
produced liquid yields of up to 59 liters per megagram 
of feed. 

The Alberta Oil Sands Technology and Research 
Authority (AOSTRA) which sponsored the tests, has 
been designated as the agency to coordinate the 
Alberta government's national and international cooper-
ative programs on oil sands and heavy oil technologies. 
AOSTRA has designed an international program to 
provide assistance to countries with undeveloped heavy 
oil resources.

The Office Militaire National pour los Industries Strat-
egiques (OMNIS) is the Malagasy organization in charge 
of petroleum research and of potential development of 
the Bemolanga deposit. As a part of the AOSTRA 
international program, AOSTRA and OMNIS have ex-
plored ways in which AOSTRA might assist OMNIS in 
the development of the Bemolanga oil sands. 

The Bcmolanga oil sand deposit contains an estimated 
2.7 billion cubic meters of hydrocarbon, of which an 
estimated 700 million cubic meters are contained in 
mineable portions of the deposit. The deposit is a 
bituminous sandstone found over an area of 424 square 
kilometers, ranging in thickness up to 45 meters. 
Hydrocarbon impregnation is not homogeneous, varying 
throughout the deposit to a maximum of 9 weight 
percent. 

A number of hydrocarbon recovery processes have been 
tested on the Bemolanga oil sands, at both a laboratory 
and pilot plant scale. The hot water extraction process 
(comparable to the process currently being used com-
mercially on the Athabasca oil sands), the water/sol-
vent ICR Extraction Process, the Tosco Process, the 
Lurgi Ruhrgas Process and a combustion/retorting pro-
cess developed at the University of Madagascar have all 
been tested. 

The Taciuk Process 

The Taciuk pilot processor consists of a horizontal, 
rotating vessel containing compartments which house 
individual process steps. Figure 1 shows the arrange-
ment and the process flows. Oil sand feed is conveyed 
into the preheating section of the processor where 
connate water is evaporated as steam. On dry feed-
stocks, water may need to be added to provide a 
sufficient quantity of steam and to limit the preheat 
temperature. Steam acts as a buffer against the entry 
of air through the feed inlet. The preheating zone 
provides heat conservation by recovering heat from the 
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ing of residuum and for sixteen hours with residuum 
recycled to the reaction zone. This run was made on 7 
to 8 percent CD grade) oil sand. 

hot outgoing tailings sands and using it to bring the feed 
partway up to the temperature required to thermally 
crack the bituminous material. 

Part of the steam generated in the preheat zone is 
extracted from the teed end. The balance of the steam 
passes into the reaction zone and flows with the reac-
tion vapor products to the oil recovery system. The 
part of the steam withdrawn at the feed end is con-
densed and a small quantity of oil is recovered from the 
condensate. 

The preheated oil sand is transported through a seal 
into the reaction zone where it is mixed with high 
temperature sand from the combustion zone. This 
mixing produces the desired thermal cracking tempera-
ture. The thermal cracking process yields two pro-
ducts; a steam containing the gas and vaporized liquid 
fractions and a coke residue which forms a coating on 
the sand grains. 

The vapor stream passes through a cyclone which 
removes fine solids and then enters a fractionating 
tower where most of the C4 and heavier liquids are 
condensed. 

The coke-coated sand discharges into the combustion 
zone where preheated air Is injected to burn most of 
the coke. Auxiliary burners, fueled with diesel oil, are 
used for start-up and to bring the process into thermal 
balance. In a commercial unit the auxiliary fuel would 
be the off-gas formed in the coking reaction. 

The hot sand from the combustion zone passes through 
a recycling arrangement that ensures an adequate sup-
ply of heat to the reaction zone, while allowing net 
sand to move into the cooling zone. The cooling zone 
recovers heat from the sand and fuel gases. 

Bemolanga Oil Sand Results 

Three grades of Bemolanga oil sand were tested. An 
initial run of 5 hours was made using 6 to 7 percent 
(0 grade) oil sand. No significant difficulties were 
experienced during the operation. Inspection of the 
processor after the run showed more fouling in the 
preheat zone than had been experienced with Athabasca 
oil sands. 

During the second run, each of the three grades of oil 
sand were processed, with approximately nine hours of 
operation on each grade of material. Subsequent in-
spection of the unit again showed considerable fouling 
of the preheat zone. After cleaning, modifications 
were made to the unit to reduce fouling. 

Fifteen hours of operation each on the 4 to 6 percent 
(B grade) oil sand and the 6 to 7 percent (C grade) oil 
sand were attained in the third run. Examination, after 
the run, showed that the modification to reduce fouling 
had been successful. 

In the three runs indicated, the pilot plant was operated 
without recycling residuum. During the fourth run, the 
processor was operated for seven hours without recycl-

Yields for both the recycle and non-recycle cases are 
presented in Table 1.

TABLE 1 

PRODUCT YIELDS AT 507°C REACTION
TEMPERATURE-MASS FRACTION OF PRODUCTS 

Non-
Recycle	 Recycle 

Liquid C4+ 0.718 0.696 
Gas C3- 0.073 0.075 
Coke 0.209 0.229 

Total 1.000 1.000 

The yield in terms of volume of product oil per unit 
mass of oil sand Is given in Table 2 for the three grades 
of Malagasy oil sand, for representative Athabasca sand 
and for Utah shales.

TABLE 2 

OIL PRODUCT YIELD FOR MALAGASY
OIL SANDS WITH RECYCLE AND AT 5070C

REACTION TEMPERATURE, COMPARED WITH
ATHABASCA SAND AND UTAH SHALE 

Grade	 Grade 
(US Gal/Ton) (L/Mg) 

Malagasy 0 13 54 
Malagasy C 14 60 
Malagasy B 9 38 
Athabasca Oil Sand 22 93 
Utah Mahogany 30 125 
Utah Typical 15 63

The oil produced from Malagasy oil sand was light in 
specific gravity and low In sulfur concentration. The 
total concentration of sulfur in Malagasy oil sand Is not 
low, but much of the sulfur occurs in the mineral rather 
than in the bitumen fraction. The C grade sand con-
tained sulfur equivalent to approximtely 150 grams per 
kilogram of bitumen, but the actual concentration in 
the bitumen was only about 6 grams per kilogram. The 
product oils had sulfur concentrations in the range of 4 
to 6 grams per kilogram. 
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Distillation and analysis data for an oil produced from 
D grade oil sand are given in Table 3. This oil was the 
product of a recycle run in which the heaviest fraction 
of the product oil was recycled to the reaction zone to 
ihinimize residuum and Conradson carbon in the net 
product.

TABLE 3 

DGRADE FEED
NET PRODUCT OIL WITH TOWER BOTTOM 

OIL RECYCLED

Weight 
Fraction 

Naphtha (C4 to 221°C) 0.331 
Light Gas Oil (221°C - 343°C) 0.267 
Heavy Gas Oil (343°C - 524°C) 0.385 
Residuum (+524°C) 0t911 

Total 1.000 

Sulfur Concentration (g/kg) 6 
Nitrogen (g/kg) 2.3 
Density (kg/m 879 
Conradson Carbon Residue (g/kg) 5 
Pour Point CC) 0 
Viscosity at 30°C (rnm 2/s) 10

#1#1
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ENVIRONMENT 

REFINERY COKE RECOVERS ORGANICS FROM 
OIL SANDS TAILINGS 

The oil sands industry is a major source of oily wastes 
and sludge. Work at the National Research Council of 
Canada has been undertaken in an attempt to recover 
the valuable hydrocarbon components found in the tail-
ing streams of bitumen extraction plants. This has been 
accomplished by using hydrophobic materials as collec-
tors for the residual organics. 

Addition of finely divided hydrophobic particles to an 
agitated tailings slurry results in adsorption of the 
residual organic liquids by these collector solids. Con-
tinued mixing then results in agglomeration of these 
particles due to cohesion between the adsorbed liquid 
films. The agglomerated solids can be readily separ-
ated from the bulk of the slurry on the basis of their 
particle size. As a result of the agglomeration process 
the hydrocarbon residues are concentrated into a more 
convenient form suitable for further treatment to 
recover the individual components or for use as an 
enriched fuel source. Treated slurries gave faster 
settling rates and improved drying characteristics for 
the thickened sediment. 

A number of hydrophobic materials, such as refinery 
coke, activated charcoal and heavy oil have been 
tested. Under optimum conditions over 90 percent of 
the hydrocarbons originally present in the tailings 
reported with the agglomerate fraction. 

In the hot water process used by Suncor and Syncrude 
considerable amounts of bitumen and diluent naphtha 
are lost in the tailings. Although long term pending of 
the tailings represents a simple, relatively inexpensive 
and, therefore popular disposal technique, it represents 
both an environmental hazard and a process deficiency. 

Research at the NBC has focused on the Solvent 
Extraction-Spherical Agglomeration (SESA) process. 
Both Syncrude refinery coke and Suncor refinery coke 
have been used as collectors. 

A paper at the 4th International Symposium on Agglo-
meration, held in Toronto in June, gave the typical 
results in Table 1. 

In general it was found that too little coke results in 
incomplete recovery and a sticky organic phase, while 
too much coke gives a brittle mass with some unagglo-
merated coke ending up in the reject. 

Two modes of agitation were used: a ball mill and a 
Waring blender. In the ball mill the individual small 
coke/oil agglomerates eventually formed a unitary, 
coherent mass on prolonged agitation. No attempt was 
made to control the size of the agglomerates and all 
experiments were carried out to completion. 

The Waring blender gave fair sized, non-sticky 
agglomerates. However, some of the bitumen remained 
stuck on the blades of the blender and had to be washed 
away with benzene.

TABLE 1 

RECOVERY OF RESIDUAL HYDROCARBONS
FROM SUNCOR SLUDGE POND TAILINGS

USING SYNCRUDE REFINERY COKE 

Ratio of 
Example Coke to Total Percent Recovery 
Number Organics in Tails Bitumen Naphtha Total 

1 2.0 62.5 73.8 65.5 
2 2.5 82.5 80.0 81.4 
3 3.0 100.0 100.0 100.0 
4 5.0 100.0 100.0 100.0 
5 7.0 90.0 80.0 87.3 
6 4.0 65.0 78.0 68.6 
7 4.5 100.0 100.0 .100.0 
8 4.5 87.5 73.3 83.6 
9 4.0 85.0 75.0 81.7 

10 4.25 100.0 100.0 100.0

Under the conditions investigated, recovery of residual 
organics was much better in the ball mill than in the 
blender. 

The researchers concluded that: 

• Hydrophobic materials such as refinery coke, 
activated charcoal, and heavy oil can be suc-
cessfully used to recover residual bitumen and 
solvent from oil sand tailings. 

• These materials preferentially collect the 
specks of oil attached to clay particles and so 
permit trapped water to flow out. The de-olled 
tailings then settle and consolidate readily. 

• By using coke to clean oil sand tailings two 
problems are addressed. Not only are residual 
organics recovered, but the coke is also benefi-
ciated through the rejection of inorganic Impur-
ities. 

• Refinery coke is a better collector than acti-
vated charcoal and heavy oil. 

• Efficiency of recovery of residual organics dc-
pends on such factors as the mode and degree 
of agitation, ratio of collector to total organics 
in the tailings, surface area of the collector 
particles and the pH of the slurry. 

• Quality of agglomerates recovered in terms of 
oil, water and mineral matter content depends 
on such factors as the time of agglomerate 
drainage, the extent of washing, the amount of 
organic solvent preferentially adsorbed on the 
coke, mode of agitation, ratio of coke to total 
organics in the tailings, surface area of the 
collector and the type of tailings.

- 
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HEAVY METAL MINERALS RECOVERED FROM OIL 
SAND TAILINGS BY OIL PHASE AGGLOMERATION 

Currently, the only products being marketed from the 
processing of tar sands are synthetic crude oil and 
sulfur. Potential for the recovery of heavy metals, 
especially titanium, zirconium, and vanadium, has only 
recently been realized. 

Oil sand solids are known to contain small quantities of 
heavy metal minerals, notably those of titanium and 
zirconium. These minerals are concentrated along with 
the bitumen troth In the hot-water separation process. 
In particular, solids removed from the bitumen froth in 
the centrifuge stage contain significant amounts of 
heavy metal minerals of titanium, zirconium, and iron, 
with small amounts of vanadium, nickel, copper, chro-
mium, and manganese minerals. Typical concentrations 
of titanium and zirconium in the scroll centrifuge 
tailings have been found to be in the range of 5 to 
9 percent by weight. The tailings stream from an oil 
sands plant like Syncrude's could provide sufficient feed 
for a large scale titanium pigment plant, and sufficient 
zircon feed to satisfy Canadian demand for metallic 
zirconium. 

When the mixture of heavy metal minerals Is recovered 
from the waste stream of the hot-water extraction 
process, the minerals are selectively wetted and coated 
with bitumen. Researchers at the National Research 
Council of Canada have therefore investigated the 
feasibility of selective concentration of heavy metals, 
particularly titanium and zirconium, from oil sand tail-
ings by oil phase agglomeration methods. 

Samples studied included: Suncor sludge pond tailings, 
Suncor centrifuge tailings, Syncrude plant 6 tailings and 
a low grade oil sand sample. 

Various experiments were conducted by using oil phase 
agglomeration methods. Typically, the tailings were 
mixed with various amounts of a heavj oil or Svncrude

refinery coke. Sodium silicate solution was then added 
to this slurry. After adjusting the pH of the slurry, it 
was agitated to allow the hydrophobic carbon to scrub 
organic material from the effluent. Agitation was 
continued until the collector and hydrocarbons from the 
effluent together formed an organic phase in a form 
allowing ready separation from the remaining tailings. 
The oil agglomerates/oil phase contains the enriched 
heavy metal fraction. 

Some results for the heavy metal concentrates obtained 
from Suneor sludge pond tailings were reported to the 
68th Canadian Chemical Conference in June 1985 as 
shown in Table 1. 

Two kinds of collecting agents, namely reduced still 
bottoms and Syncrude refinery coke, were employed 
using either a grease kettle or a ball mill as agitation 
devices. In general the quality of heavy metal concen-
trates obtained using heavy oil In a grease kettle was 
better than that obtained with a ball mill using coke as 
a collecting agent. When using heavy oil as a collector 
the concentration of heavy metals increased 2 to 20 
fold compared with a 2 to 5 fold Increase for coke, 
except for vanadium and nickel, where the increase was 
2 to 20 times for heavy oil compared with 20 to 
70 times for coke. Higher vanadium and nickel concen-
trations in the latter case are presumably due to the 
contributions from coke. 

Some results for the heavy metal concentrates obtained 
from Syncrudeplant 6 tailings are given in Table 2. 
The quality of heavy metal concentrate obtained from 
Syncrude plant 6 tailings was better than that obtained 
from sludge pond tailings because of the better quality 
feed. However, the beneficlation In terms of titanium 
was not as effective as for the sludge pond tailings. 
Thus the increase In the titanium concentratons was 1 
to 5 fold for Syncrude plant 6 tailings compared with 3 
to 20 fold for sludge pond tailings. Zirconium benefi-
ciation was much better for Syncrude tailings than for 
the sludge pond tailings, increasing in concentration 3 

TABLE 1 

RECOVERY OF HEAVY METALS FROM 
SUNCOR AQUEOUS SLUDGE IN A GREASE KETTLE USING HEAVY OIL 

Sample 
No. Yield Concentration of Heavy Metals With/Without Percent of Ash 

SiO2 Ti Zr V Cu Ni Mn Cr 

Feed 100.0 53.5 1.9 0.66 0.02 0.007 0.012 0.100 0.015 
1 21.9 32.1 6.1 3.7 0.04 0.141 0.255 0.320 0.075 

Reject from 78.1 62.1 0.3 0.3 0.015 0.005 0.009 0.030 0.008 
Above 
2 62.0 32.1 8.1 3.4 0.04 0.046 0.077 0.251 0.077 

Reject from 38.0 79,2 0.3 0.03 0.0075 0.0085 0.009 0.054 0.0023 
Above 
3 69.0 44.8 14.1 1.85 0.100 0.020 0.006 0.100 0.060 
4 29.6 33.5 14.8 1.7 - 0.080 0.100 0.300 0.200 
5 nd 33.4 18.6 1.4 0.100 0.070 0.070 0.200 0.100 

nd = not determined -
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TABLE 2 

RECOVERY OF HEAVY METALS FROM
SYNCRUDE PLANT 6 TAILINGS IN A 

BALL MILL USING HEAVY OIL 

Concentration of Heavy 
Sample Metals With/Without 

No. Yield Percent of Ash 
(Wt%of Ti Zr V 

Solids) 

Feed 100.0 10.5 0.30 0.01 
49.4 30.2 1.20 0.01 

2 21.0 24.7 1.64 0.02 
Reject from 79.0 7.2 0.16 0.01 

Above 
3 42.2 15.0 2.10 0.062 

Reject from 57.8 0.8 0.08 0.01 
Above 
4 20.0 12.0 4.80 0.063 

Reject from 80.0 1.6 0.30 0.015 
5 29.9 12.1 1.30 0.100 
6 29.8 24.2 0.89 0.010 
7 26.8 17.7 0.18 0.010

to 16 fold in the former case compared to 2 to 6 in the 
latter case. 

Results for the heavy metal concentrates obtained from 
Suncor centrifuge scroll tailings were similar to the 
Syncrude plant C tailings in that the mineral content of 
both consisted mainly of coarse sand, and both teeth 
had high concentrations of titanium and zirconium. The 
results for the concentration of heavy metals should be 
similar. Results for the beneficiation of heavy metals 
from Suncor centrifuge tailings using heavy oil as 
collector in a grease kettle are indeed comparable with 
the corresponding results for Syncrude tailings obtained 
in a ball mill. However, when using a Waring blender as 
the mode of agitation the quality of heavy metal 
concentrate obtained was extremely poor. The oil 
agglomerates formed in a blender can be expected to be 
more vulnerable to breakage, resulting in a lower 
recovery of organic and, consequently, of heavy metal 
minerals. 

All these results demonstrate that the oil phase agglo-
meration technique can be useful not only in the 
recovery of heavy metal minerals and residual hydro-
carbons from tailings streams of oil sand plants, but in 
the elimination of a waste disposal problem as well. 
The recovery of heavy metal minerals and residual 
hydrocarbons as valuable by-products could help defray 
costs, giving an incentive for cleaning the existing 
tailings ponds which can be a serious environmental 
hazard.
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RESOURCE 

EVIDENCE BUILDS THAT OIL SANDS 
WERE FORMED IN PLACE 

The question of whether heavy oil and tar sand deposits 
were formed in place or were transported there from 
petroleum source rocks, possibly some distance away, 
has often been discussed. W. H. Roberts, Ill, in a paper 
given at the AAPG-UNITAR-USGS Research Confer-
ence on Exploration for Heavy Crude Oil and Bitumen 
in Santa Maria, California, presents persuasive evidence 
that the deposits were accumulated in place as heavy 
oils, being transported there by water, and that they did 
not first accumulate as a light oil which then degraded. 

According to Roberts, field evidence suggests that the 
geologic conditions under which hydrocarbons are col-
lected and retained will determine the composition of 
hydrocarbon pools which result. Heavy oil deposits 
demonstrate clearly that this is the case. Those 
conditions are distinctly different from the conditions 
pertaining to lighter hydrocarbon deposits. 

Heavy oils are essentially colloidal admixtures of hy-
drocarbons, usually accompanied by non-hydrocarbon 
materials such as bitumens, asphaltenes, trace metals, 
and other inorganic residues. In a sedimentary basin 
where water is the wetting phase, the heaviest hydro-
carbons are the least mobile due to their high viscosity 
and very low solubility in water. They tend to collect 
in areas where other, more water compatible hydro-
carbons (if present) would be washed away. 

In general, heavy oils are found In areas of notable 
aquifer continuity and active water exchange and dis-
charge. The truly large heavy oil deposits (e.g. Atha-
basca, Orinoco) are peripheral to major sedimentary 
basins, flanking continental shield areas, and near a 
regional confluence for the discharge of basinal waters. 
Any strata covering the deposits offer little resistance 
to the escape of effluent water, which carries away any 
lighter hydrocarbons. 

Tracking present-day water movements by pressure, 
temperature, and water chemistry through the Alberta 
Basin and the Eastern Venezuela Basin clearly leads in 
the direction of the very large Athabasca and Orinoco 
deposits. Significantly, these deposits occur at the 
downstream edge of the basinal water traffic systems, 
toward which large quantities of hydrocarbons have 
been continuously transported through much of the 
basin history. 

For perspective, the total known conventional versus 
heavy oils in place are estimated to be about equal in 
volume. There are 332 "giants" (greater than 1/2 billion 
barrels each) which account for 6.267 trillion barrels. 
The three largest of those giants hold nearly one-half of 
that volume. They are Athabasca, Orinoco, and Cold 
Lake. The very size of the larger heavy oil deposits 
compel thinking about a very large three-dimensional 
rock and fluid system in which an ongoing role is played 
by the principal basinal fluid, namely water.

The known distribution of heavy oils suggests two basic 
types of locale which seem to sponsor either a primary 
or a secondary mode of occurrence. A primary heavy 
oil is presumed to have been formed in place, as and 
where it is found. A secondary heavy oil is presumed to 
have been formed by the weathering in place of a 
conventional oil due to the progressive exposure of a 
conventional trap to various agencies of weathering and 
consequent loss of volatile or water-sensitive com-
ponents. 

The largest heavy oil deposits in the world are believed 
to be primary. They are typically formed at or near 
surface, on the lowest rim or flank of a large, deep, 
sedimentary basin. Such places are apt to be centers of 
past and/or present, regionally focused, basinal water 
discharge. Regional dips are very low, less than 5 feet 
per mile. Artesian waters tend to follow the same 
routes as compaction waters, generally controlled by 
lithology and transmissibility. Water tables are close to 
ground surface. The heavy oil reservoirs are water-
wet. 

Deposits of lesser size can be found in similar places, 
but they are also found in a variety of other situations 
more central to the sedimentary basins. The smaller 
deposits are believed often to be of secondary origin. 
That is, they are apt to be located where trapped 
conventional oil deposits have suffered degradation due 
to a loss of trap competence, associated with faulting, 
uplift, and erosion. Many such conditions are found in 
West Coast, Rocky Mountain, and Mid-Continent basins 
of the United States. 

In addition to the primary and secondary modes of 
heavy oil occurrence, there is a depth rule which 
generally correlates with oil density. The shallower oils 
are usually heavier, and the deeper oils are usually 
lighter. There are notable exceptions where the at-
verse is true, and that has confounded many workers 
who have believed that the progression from heavy to 
light hydrocarbon mixtures with increasing depth Is a 
matter of organic maturation and refinement related to 
time and temperature. 

Petroleum Hydrology 

With regard to the variable depth position of heavy and 
light oils, Roberts presents a plausible explanation. It 
has been observed that the density of a trapped hydro-
carbon mixture is roughly proportional to its exposure 
to associated waters. That is, the composition and 
density of a resident (trapped) hydrocarbon mixture 
appear to be determined by the residence times of the 
various hydrocarbons in the mixture. This implies that 
transient waters are indeed responsible for the relative 
mobility or immobility of the various components of 
hydrocarbon mixtures. It is emphasized that: 

• In a true geologic context, basinal waters are 
never absolutely static. 

• Except in very young basins, compaction waters 
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represent only a small fraction of the total 
water exchanged by sediments in a typical 
petroliferous basin. There is no way to com-
pletely shut off basinal hydrologic recharge and 
discharge activity. 

In a typical hydrophyllic (water-wet) oil reser-
voir maintaining irreducible water at 20 to 
60 percent, oil and water are interfaced in 
every pore. This adds up to a tremendous 
surface area of oil-water exposure. Water and 
oil are exchanged at rather slow but significant 
rates. In relation to a trap, if the upstream 
(incoming) waters are organic-rich, the oil de-
posit may become progressively enriched. if 
they are lean, the deposit may become pro-
gressively impoverished (leached) of its more 
water-sensitive components. 

The main reason for the usual occurrence of heavy oils 
at shallower depths is believed to be the increased 
hydrologic activity at those depths, reducing the resi-
dence times for the lighter, more water-sensitive com-
ponents. Thus, in a trap incapable of holding the lighter 
hydrocarbons as they arrive in the flowing water the 
resident hydrocarbon mixture may have been heavy 
from its inception in the trap. If so, there is no need to 
postulate tremendous movements of pit-formed con-
ventional oil over great distances to accumulate and be 
trapped in incredible volumes, later creating the great 
heavy oil deposits by loss of volatile constituents. 

The main exceptions to the usual heavy to light oil 
depth arrangement occur where for various geologic 
reasons, deeper aquifers are notably more active than 
shallow ones, and the heavy oils are sometimes found 
below lighter oils where large, thick, reservoir se-
quences are adequately covered above, but exposed to 
major, active, transient water systems below. 

The preceding discussion has been concerned with the 
locale of the traps, rather than the sources, for the 
hydrocarbons. The reasoning suggests that the condi-
tions of entrapment determine the types of hydrocarbon 
mixtures that will be retained in the traps. 

There is also a possible progression of petroleum matur-
ation processes at the trap. Assuming that transient 
waters are chiefly responsible for gathering dispersed 
hydrocarbons and other organic derivatives into the 
sites of deposition where oils are found, the earliest and 
most numerous arrivals in a trap are likely to be those. 
most readily accommodated in the water. These would 
be the organic acids and the lighter, simpler hydro-
carbons. Given a constant supply of essentially the 
same aqueous feedstock, and continued separation of 
the hydrocarbons from the water as a result of depres-
suring, cooling, and salting out, those hydrocarbons 
should progressively coalesce to form a separate, non-
wetting fluid phase in the reservoir. 

If a trap continues to function as above, the degree of 
reservoir saturation by the non-wetting phase may 
increase, and the composition of the resident hydro-
carbon mixture may change significantly. In time, the 
less easily water-borne and therefore less available, 
heavier hydrocarbons are presumed to gradually become

a more important component of the trapped mixture. 
At the same time, the tighter hydrocarbons tend to be 
reworked and swept through the trap with the spent 
"source waters." Continued accumulation of the 
heavier, more durable hydrocarbons and a winnowing or 
leaching of the lighter components should result in a 
progressively heavier, physically more mature, resident 
hydrocarbon mixture. 

Field evidence suggests that the larger heavy oil de-
posits in low, basin-flank positions of hydrologic dis-
charge represent advanced physical maturation at the 
sites of deposition. Such a locale can be regarded as a 
terminal trap. Positioned in a hydrologic discharge 
area, those hydrocarbons are not likely to re-enter the 
subsurface fluid traffic of that basin, in most cases, it 
appears that important amounts of light hydrocarbons 
continue to be discharged with the waters and were 
never retained at these major shallow sites. Probably 
the resident mixture was heavy from its inception. 

Common Conditions 

Roberts lists a number of conditions, which commonly 
pertain to heavy oil deposits per se. Those which differ 
significantly from the usual conditions for conventional 
oil deposits are marked by an asterisk (9. 

• Major, primary heavy oil sands are hydrophyllic 
(water-wet). Sands are not dewatered by at-
mospheric exposure of trapped conventional 
oils. 

• Richest oil saturation occurs in cleanest, most 
porous, thickest sand. Best sands experience 
most pore volume exchange and least residence 
time for the lighter hydrocarbons. They behave 
as shunts, forming the most efficient part of a 
heavy oil trap. 

• Organic-rich shales often divide major, heavy 
oil-saturated reservoirs. The more water-sen-
sitive organic materials which cannot hold posi-
tions in the more porous media can get hung up, 
causing secondary organic enrichment by fil-
tration in the shale dividers. 

S High viscosity, sand-free oil lenses occasionally 
occur among either barren or oil-saturated 
sands. Possibly heavy oil formation and seep-
age, collected on a fluvial surface, became too 

• viscous to allow penetration by contemporary 
sand deposition. 

•S Water-saturated sand lenses occur within, be-
tween, over, and under oil-saturated strata. 

• Buoyancy or gravity segregation does not per-
tain to oils and waters of approximately the 
same specific gravity. Water lenses and heavy 
oil lenses, therefore, appear to have virtually 
random three-dimensional distribution. 

•• Oil/water contacts typically deviate from hori-
zontal and are distorted without hydrodynamic 
cause. 

• Lateral variation in oil saturation supports the 
concept that the hydrocarbon deposits are 
formed where they are found. 
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S Effluent water and gas are often seen In wet-
lands associated with heavy oil deposits. Light 
hydrocarbons are assumed to be continuously 
reworked from upstream areas, but cannot be 
retained in the terminal traps. 

•S 1450 compounds, trace metals, and heavy iso-
topes are more abundant in heavy oils than In 
conventional oils. These fellow-travelers of the 
heavy, hydrocarbons and bitumens follow the 
same rules of residence time. They are less 
easily carried away in transient waters. 

Athabasca Deposit 

Figure 1 Is an east-west profile of the Athabasca 
locale. It spans about 135 Km, with a vertical exagger-
ation of 85X. A competent cover or seal for hydro-. 
carbons here is conspicuously absent. 

FIGURE 1 
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deposition of the Manville sands. Throughout that 
timespan it has been basically a seepage trap. Waters 
from numerous pre-Cretaceous aquifers In the West 
Canadian Basin are gathered and manifolded through 
the pre-Cretaceous unconformity to be discharged at 
the edge of the Canadian Shield. Those waters appear 
to have continuously carried hydrocarbons and/or pre-
cursors toward the focal areas of discharge where 
depressuring, cooling, and mixing with strong brines 
have combined to exsolve the hydrocarbons. In the 
absence of a competent, water-wet, sealing membrane, 
the lighter, more water-sensitive hydrocarbons have a 
very short residence time in the discharge area. At the 
same time, the heavier hydrocarbons and bitumens, 
having lost their mobility at the threshold of discharge, 
have accumulated in very large volume.	 - 

Based on the present disposition of oil-saturated sand, 
clean sand lenses uninvaded by oil, and clean, heavy oil 
pods uninvaded by sands, it seems clear that the oil at 
Athabasca has never been anything but heavy—too 
viscous to move. It can be regarded as strictly a trap 
for heavy hydrocarbons, (ineffective for light hydro-
carbons), the resultant heavy oil being formed where It 
is now seen. 

The size of the Athabasca accumulation attests to an 
enormous volume of watei which must have passed 
(discharged) through the area during Manville and post-
Manville time. The evidence of convergent water 
movement in the subsurface (as on the surface) is still 
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FIGURE 2 

ATHABASCA HEAVY OIL DEPOSIT 
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Figure 1 shows the oil saturated (but water-wet) Lower 
Cretaceous Manville (McMurray, Clearwater) sands 
resting in a depression caused by a reversal of regional 
dip in Upper Devonian carbonates, modified by pit-
Cretaceous erosion. The reason for the dip reversal is a 
key factor in the Athabasca accumulation. It is caused 
by solution and collapse of the Middle Devonian Elk 
Point (Prairie) salts, which in turn are caused by 
ascending waters gathered in sub-salt aquifers on the 
flanks of the Peace River Arch and generally moving 
out of the basin toward the Canadian Shield. ,Basinal 
waters are being actively discharged into the Athabasca 
surface drainage today. 

Principle surface drainage in the Athabasca area today 
is notably confluent, a pattern which is also seen in 
subsurface water movement. Although part of the 
widespread muskeg surface condition in this region 
flanking the Canadian Shield, the Athabasca area seems 
to have a high density of springs feeding the surface 
drainage. 

The Athabasca trap for hydrocarbons appears to be 
functioning in the same way today as it was during

• DATA POINT	 -240- FRESH WATER HEAD CM) 
6 CONTROL WELL	 WATER FLOW DIRECTION 

VERTICAL EXAGGERATION 26* 

Figure 2 is an east-west hydraulic profile of the Atha-
basca area. Isobaric contours are distorted because of 
the necessary vertical exaggeration of 26X. It is 
nevertheless possible to see confluence from east and 
west toward the Athabasca River. The Influence of 
local topography is also clearly seem 

The full story of the Athabasca heavy oil deposit is yet 
to be known. It is nonetheless one of the most 
important traps in the world, clearly functioning as a 
discharge center for deep basinal waters recharged at 
higher elevations. In view of the fluid dynamics ob-
served, it cannot be considered as a static or fossil 
system.. This tremendous accumulation seems to be 
held in a steady-state balance of hydraulic forces. It is 
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continuously processing organic-rich waters derived 
from the aqueous leaching and reworking of upstream 
oil and gas deposits in the West Canadian Basin. 

BLM ISSUES DRAFT EIS FOR LEASE CONVERSIONS 
IN PR SPRING AND HILL CREEK 

The United States Bureau of Land Management (BLM) 
issued in May a draft Environmental Impact Statement 
(EIS) for the PR Spring and Hill Creek Special Tar Sand 
Areas (STSAS). Proponents of ten tar sand projects 
have filed applications to convert existing oil and gas 
leases within the STSA to combined hydrocarbon leases 
in accordance with the Combined Hydrocarbon Leasing 
Act of 1981. Approval of the conversion applications 
would permit phased tar sand development. Because 
the extent of the resource is not yet known, project 
designs are conceptual. Should a lease be converted, a 
more site-specific environmental analysis would be 
needed before commercial production would be permit-
ted. 

The applicants who filed proposed plans of operations 
for the ten tar sand projects are listed as follows: 

Plans of 
Applicants	 Operations 

(See Figure 1)

Beartooth Oil k Gas Company Bear tooth A 
Beartooth B 

F. J. Bradshaw Estate Bradshaw 
Walter Duncan Oil Properties Duncan 
Enercor Enercor 
Enserch Exploration Inc. Enserch 
B. D. Farleigh Farleigh 
W. C. Kirkwood Oil & Gas Kirkwood 

Exploration & Production 
Mobil Oil Corporation Mobil 

Mobil/Getty 
Texaco 

J. C. Thompson Thompson 

Beartooth filed plans of operations for two separate 
projects—Bear tooth A and Beartooth B. Anticipating 
the joint development of their converted leases in a 
single project—Mobil, Texaco, and Mobil/Getty submit-
ted substantially similar plans of operations to convert 
their federal leases. (Getty filed a joint application on 
two leases with Mobil.) 

The applications have requested the conversion of 44 
existing oil and gas leases within the PR Spring STSA to 
combined hydrocarbon leases. Kirkwood is the only 
applicant to apply for lease conversion in the Hill Creek 
SThA. 

Table 1 is a summary of the Proposed Actions. Seven 
projects are small in situ processes, with plans of 
producing 150 barrels per day each under commercial 
operation. These projects are Beartooth A, Bear-
tooth B, Bradshaw, Duncan, Enserch, Farleigh, and 
Thompson. Kirkwood is proposing a 16,000 barrels per 
day in situ commercial operation. Enercor and Mobil 
are proposing surface mining operations and processing 
extraction plants. Enercor, having lease agreements 
with the Natural Gas Company of California, Pacific 
Transmission Supply Company, and Exxon Company 
USA, Is planning to produce 5,000 barrels per day during 
commercial operation. Mobil, which includes lease 
agreements with Texaco, Getty, and Kerr McGee, is 
planning to produce 40,000 barrels per day during com-
mercial operation. 

Each of the ten proposals includes a three-phased 
approach toward developing the tar sand resource. The 
first phase, exploration, involves a review of data 
obtained from drill holes and core samples. The second 
phase, pilot, Involves construction and operation of a 
small scale, tar sand facility. Some oil Is produced. 
During the commercial operation phase, oil is produced 
in greater quantities and sold. 

Figure 1 shows the location of the leases proposed for 
conversion within the 273,950 acre PR Spring STSA and 
the 107,249 acre Hill Creek STSA. Both STSAs are 
located in southern Uintah County, Utah, with a portion 
of the PR Spring STSA also within northern Grand 
County, Utah. Affected BLM Districts are Vernal 
(Book Cliffs Resource Area) and Moab (Grand Resource 
Area). 

TABLE I

SUMMARY OF Paorosso ACTIONS 

Bear tooth 
Action A B Bre.thaw Duncan Enercor Euarch Ferlelfh tcirtcwood Mobil ThonMon 

Production COrD) ISO 150 ISO ISO 5,000 ISO ISO 16,000 40,000 ISO 
Target Date Pull Produc- 1986 1986 IBIS 1986 1910 1994 1986 IOfl 2000 1916 

tion 
Project Life (Years) toot too- lOOt 100+ 100 100. 100k 50 28 90 
Proposed Conversion 1,181.19 1,520.37 320.00 1,600.00 26,583.56 1,080.00 640.00 3,907.51 3,337.60 71.48 

(Acres) 
Project Area 1,181.19 1,520.37 320.00 1,600.00 31,663.56- 1,080.00 640.00 3,907.51 16,438.97* 74.48 
Type of Operation In Situ In situ In Situ In situ Surface In Situ In situ In situ Surface

l,Itu 
Minea Mine& 

Extraction Extraction 
Plant Plant 

'Project area includes inore than leases to be converted -
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Surface and subsurface ownership in the study area is 
mixed. the federal government retains all mineral 
rights to the proposed conversion areas. 

The applicants' plans of operations estimate an indivi-
dual project life span of 28 to 100 years or more. 

The tar sand development would cause Impacts either 
by displacing resources (such as removal of vegetation), 
using resources (such as water consumption), or creat-
ing other changed conditions (such as visual scars or 
community growth). The analysis in the EIS focuses on 
these kinds of potential impacts by individual project. 

Almost 40 percent of the Beartooth B project area 
(598 acres of 1,520 acres proposed for lease conver-
sion); 16 percent of the Enercor project area 
(4,206 acres of 26,583 acres proposed for lease conver-

sion); 94 percent of the Ensereh project area 
(1,020 acres of 1,080 acres proposed for lease conver-
sion); and 12 percent of the Mobil project (404 acres of 
3,337 acres proposed for lease conversion) lie within the 
42,462 acres of the Winter Ridge Wilderness Study Area 
(WSA). Developing combined hydrocarbon leases within 
the Winter Ridge Wilderness Study Area would be 
constrained by the Bureau of Land Management wilder-
ness non-impairment policy. 

This would likely prohibit development of certain por-
tions of a lease in the WSA, unless a Congressional 
decision is made not to designate the WSA as wilder-
ness. 

The Mobil project with its large surface mining opera-
tion and a solvent-assisted hot water extraction pro-
cess, would create the most serious impacts. The air 
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quality modelling predicts exceeding NAAQS signifi-
cance criteria for total suspended particulates and for 
nitrogen oxides. 

Nevertheless, the analysis concludes that, in general, 
each project by itself would have impacts of a nature 
and magnitude that could be managed without undue 
degradation to other natural resources or to socioeco-
nomic conditions. 	 - 

In each ease the stated BLM preferred alternative is to 
grant the lease conversions as requested, with the 
stipulation of certain non-constraining mitigating mea-
sures. 

ERCB INCREASES ESTIMATE OF ALBERTA CRUDE 
BITUMEN AND SYNCRUDE RESERVES 

The Alberta Energy Resources Conservation Board 
(ERCB) updated its annual estimate of Alberta reserves 
and noted increased volumes as of the end of 1984. 

Initial In-Place Volumes 
of Crude Bitumen 

In early August 1984, the Board issued, pursuant to the 
new Oil Sands Conservation Act, three Oil Sands Area 
Orders (OSA Orders) which formally established the 
Athabasca, Cold Lake, and Peace River oil sands areas. 
The OSA Orders provide an outline of the areal extent 
of the crude bitumen occurrences and the specific 
geological zones which are declared as oil sands depos-
its. As a result of these orders, the Biuesky-Gething 
reserves, which had been shown under the Buffalo Head 
Hills area in previous reserves reports, were incorpor-
ated into the Peace River oil sands deposit. In addition, 
the Wabiskaw-McMurray (Mannville) reserves in the 
Lindbergh-Elk Point general area which have previously 
been included in the heavy oil reserves were declared 
crude bitumen reserves and have been included under 
the Wabiskaw-McMurray reserves for the Cold Lake 
Area. 

There were a number of minor changes in the initial in-
place volumes of crude bitumen which can be attributed 
to continued drilling and development of the oil sands 
deposits. Also, there were several recently mapped 
carbonate occurrences which have now been evaluated 
and included. The Nisku carbonate has been mapped 
and designated within the Athabasca deposit, and the 
Upper and Lower Debolt and Shunda carbonates have 
been evaluated in the Peace River deposit. 

Initial in-place volumes of crude bitumen in each 
deposit were estimated using drillhole data available to 
the end of 1984. The crude bitumen within the Cretac-
eous sands was determined using a minimum saturation 
of 3 mass percent crude bitumen, a minimum saturated 
zone thickness of 1.5 meters, and a "building block" 
approach to identify the In-place volume. Each deposit 
was divided into 2,340 hectare (quarter-township) 
blocks and the initial in-place volume of crude bitumen

in each block was determined using the average proper-
ties of the wells drilled in the block. Blocks not 
containing wells were assigned conservative values 
based on the lowest initial in-place volume of crude 
bitumen calculated for an adjacent block. 

Changes to the area regarded as surface-mineable are 
due to additional drilling and the redistribution of 
reserves among overburden categories. In addition, the 
boundary of the surface mineable area has been expand-
ed to include Townships 95 and 98, Range 7 and Town-
ship 97, Range 6, all West of the 4th Meridian. 

The carbonate volumes in-place were determined on the 
basis of geological mapping rather than the building-
block method. A minimum bitumen saturation of 
30 percent of pore volume and a porosity value of 
5 percent were used as cut-offs in the evaluation. 

The total initial volume of crude bitumen in-place for 
the designated deposits at December 31, 1984 was esti-
mated as 265.6 billion ethic meters. This represents an 
increase of 15.6 billion cubic meters or 6 percent over 
the estimate published a year ago. The initial in-place 
volumes for individual deposits are presented in 
Table I. 

Surface-Mineable Crude Bitumen and 
Synthetic Crude 011 Reserves 

The initial in-place reserves of crude bitumen for the 
surface-mineable area were determined using isopach 
net pay maps of that part of the Athabasca Wabiskaw-
McMurray deposit where total overburden and top 
reject thicknesses generally do not exceed 75 meters. 
Potential mining areas were identified by economic 
stripping-ratio criteria. 

Within the potential mining areas, the initial in-place 
volume of potentially mineable crude bitumen was 
established to be 12.4 billion cubic meters. After 
allowing for surface facilities (plant sites, tailings 
ponds, discard dumps), environmental protection corri-
dors along major rivers, and transportation and utility 
corridors, and assuming a mining/extraction recovery 
factor of 0.75, the resulting surface-mineable initial 
established reserves of crude bitumen are estimated at 
5.3 billion cubic meters. Technological improvements, 
better placement of surface facilities in future pro-
jects, and improved price/cost economics could 
increase this estimate. 

The yield of synthetic crude oil through upgrading of 
crude bitumen is dependent on the type of upgrading 
technology employed, the use of any residual materials 
produced, and the degree to which off-site energy 
sources are employed. Currently employed technology 
(carbon rejection) has a yield factor estimated to be 
0.75. Using this yield factor, initial established re-
serves of synthetic crude oil for the surface-mineable 
areas are 4.0 billion cubic meters. 

In Situ Crude Bitumen Reserves 

The Board has assigned established reserves for the 
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Area
Deposit Overburden Depth

Zone 

ATHABASCA 

Wabiskaw-McMurray 

0- 20 
20- 40 
40- 80 
80-120 
80-750+ 

Sub-Total 

Upper Grand Rapids 

150-450+ 

Middle Grand Rapids 

150-450+ 

Lower Grand Rapids 

150-450+ 

C roe m ant 

0 
C 
B 
A 
Sub-Total 

Nisku 

200-800+ 

Total 

Imperial Equivalent in Million Barrels 

within the current mineable area

Initial Volume
in Place

(Million Cubic
Meters) 

7,400 

11,64? 

45 
15 
40 

180 
275 

12,202 

10,620 

3,165 

283 
235 
272 

3,955 

500 

11,400 

1,580 

4,310 

1.540

Initial Volume
In Place

(Million Cubic
Meters) 

7,190 
9,990 
7,220 
2,270 

117,800 

144,470 

4,140 

1,410 

1,220 

19,890 
15,390 
5,380 
9,840 

50,500 

10,300 

265,577 

1,670,429 

TABLE 1 

RESERVES OF CRUDE BITUMEN
AS OF DECEMBER 31, 1984 

Area
Deposit Overburden Depth

Zone 

COLD LAKE 

Upper Grand Rapids 

300-600 

Lower Grand Rapids 

Cold Lake Area 

Lindberg Area 
Sparky 
Lower Grand Rapids 42 
Lower Grand Rapids #3 
Lower Grand Rapids #4 
Lloydminster 

Sub-Total 

Clearwater 

300-600 

Webltw-McMurray 

Cold Lake Area 

Lindbergh Area 
Cummings #1 
Cummings #2 
McMurray 

Sub-Total 

PEACE RIVER 
Bluesky-Gething 

300-700

Bluesky-Bullhead 

300-750k 

Upper Debolt 

500-800 

Lower Debolt 

500-800 

Shunda 

500-800
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commercial in situ projects under way and a combined 
total for all the active experimental field-demonstra-
tion projects. Also, an established reserve has been 
estimated for the primary production areas as a result 
of the incorporation of the Lindbergh-Elk Point 
reserves into the designated oil sands area. 

The initial established reserve for the Lindbergh Area 
was estimated to be 10.4 million cubic meters based on 
a 2 percent average primary recovery factor for the 
Cummings sands. 

The ERCB's estimate of the established in situ crude 
bitumen reserves under active development at Decem-
ber 31, 1984 is shown in Table 2. 

TABLE 2 

ESTABLISHED IN SITU CRUDE BITUMEN RESERVES
(Million Cubic Meters) 

	

Initial	 Initial	 Number 
Volume	 Established	 of 

Development	 In-Place	 Reserves	 Wells 

Esso Cold Lake Project	 77	 11.5	 360
Phases MV 

Experimental Schemes	 177	 20.2	 1,383 
Lindbergh-Primary Areas	 518	 10.4	 320 

Total	 772	 42.1	 2,063 

l#l#
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RECENT OIL SANDS PUBLICATIONS/ PATENTS 

Bruining, J., at a!, "Improved Recovery of Heavy Oil by Steam with Added Distillables," presented at the 3rd 
European Meeting on Improved Oil Recovery, April 1985. 

ERCB, "Alberta Oil Supply 1985-2010," March 1985. 

ERCB, "Alberta's Reserves of Crude Oil, Oil Sands, Gas, Natural Gas Liquids, and Sulfur," December 1984. 	 - 

Foght, J. M., at al, "Microbial Content and Metabolic Activities in the Syncrude Tailings Pond," University of 
Alberta, November 1984. 

The following papers were presented at the Heavy Oil from Reservoir to Market Conference, held in April 1985, in 
Calgary, Alberta: 

Maciej, Hans, "Heavy Crude Oil Supply: An Overview." 
Phillips, Ray S., "Enhanced Recovery Methods Technical Considerations." 
Menzies, Dr. Michael, "Heavy Crude: Diluent Supply and Demand." 
Strom, Norm, "Alberta Heavy Oil Supply, Domestic Demand, and the Availability of Diluent." 
Slagorsky, Charles, "A United Sates Perspective on Canadian Heavy Crude." 
Wise, Tom, "North American Markets: Review and Forecast." 
Walker, Anton, "Upgrading - A Different View." 
Sundstrom, Glenn, "Marketing Strategy for Heavy Oil." 
Wignall, Trevor, "Heavy Oil Production: An Operator's Perspective." 

Majid, A., at al, "An Unsettling Problem," National Research Council of Canada, June 1985. 

Omens, R., "Heavy Crude, Extra-Heavy Crude, and Tar Sands: The Ignored Resources," UNITAR/UNDP, April 1985. 

Ropchan, D. M., at al, "Study of Oil Shale, Hydrocarbon, and Tar Sand Mining," Colorado School of Mines, November 
1984. 

Schramm, Laurier L., at al, "On the Processibility of Mixtures of Oil Sands," Syncrude Canada Ltd., December 1984. 

Strausz, Otto P., "Organic Geochemical Studies of Canadian Crude Oils," 68th Canadian Chemical Conference In 
Kingston, Ontario, June 1985. 

Thomas, K. P., at al, "The Determination of the Major Elements and Trace Metals Present in Bitumen from Several 
Tar Sand Deposits," Western Research Institute, January 1985. 

The following papers were presented at the Third International Conference on Heavy Crude and Tar Sands in Long 
Beach, California in July 1985: 

• The UNITAR/UNDP Information Centre for Heavy Crude and Tar Sands 
• International Cooperation Concerning Heavy Crude and Tar Sands 
• Seven Years of Successful Venezuelan-German Projects in Heavy Oil Production and Upgrading 
• Use of Surface Geophysical Techniques in Oil Sands Exploration 
• Heavy Oil Recovery Methods-A Classification System 
• Estimate of World Heavy Crude Oil and Natural Bitumen Resources 
• New Analytical Results on Bitumen from Oil Sands Deposits Throughout the World 
• Distribution and Geological Characteristics of Heavy Oil in China 
• Major Tar Sand and Heavy Oil Deposits of the United States 
• Oil Sands of Sao Paulo State, Brazil and La Brea de Chumpi Perur: A Geological Perspective 
• Mineralogy and Geology of the Clearwater Reservoir Sands in the Wolf Lake Area, Cold Lake, 

Alberta 
• Screening of Additives to Enhance Steam Processes Applied to Tar Sand and Heavy Oil Resources 
• Blocking of High Permeability Zones in Steamflooding by Emulsions 
• A New Extraction Technology for Tar Sand Production 
• Reservoir Consideration in the Field Application of Steam Additives 
• Chemical Composition of Bitumen Extracts from Nigerian Tar Sands 
• Oil Sands Mining and Extraction Simulation 
• Geology and Mining of Bemolanga Tar Sands-Physico-Chemical Studies 
• Factors Affecting Producibility of Oil Sands by Steam Stimulation 
• An Oil Sands Oxygen In Situ Combustion Project 
• Downhole Hydraulic Mining System
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Design and Development of Thermal Pilots for Recovery of Heavy Oil from the Tar Sands of the Ras 
Charib Field, Gulf of Suez, Egypt 
In Situ RE Heating for Oil Sand and Heavy Oil Deposits 
Progress Report on the Construction of an Underground Test Facility 
Technological Advances in Oil Sand Development in Syncrude 
United States Tar Sand Oil RecoveryProjeets-1985 
The ENPEX Project System Design and Economic Analysis of an Integrated Tar Sands Production and 
Upgrading Project 
Investigation of Wet Oxidation for Bitumen and Heavy Oil Recovery Operations 
A Method for treating Recalcitrant Oil-in-Water Emulsions from Steam Stimulated Bituminous 
Deposits 
Processing of Athabasca Oil Sands by Agglomeration and Solvent Extraction 
Tailings Pond Bitumen Extraction and Sludge Solidification 
The Herter Solvent Extraction Process for the Recovery of Heavy Oils and Tars 
Recovery of Bitumen from Tar Sands by a Thermally Coupled Fluidized-Bed Process 
Pilot Plant Test of the Tacluk Process on Oil Sands from Madagascar 
The Establishment of a Legal Framework for the Development of Heavy Crude and Tar Sands 
Prediction of Viscosity of Bitumen/Gas Systems by the Extended Principle of Corresponding States 
Methods for Subsidence Evaluation Due to Fluid Withdrawal 
A Discussion on the Mechanism of Foam Flow Through Porous Media 
Comparison of Parameters Derived from Laboratory and Field Tests of Steamfloodlng In a Tar Sand 
Laboratory Comparison of Steam Recovery Experiments Using Preserved Oil Sands Cores 
Potential Use of Fracture Technology for Recovery of Bitumen from Oil Sands 
Simulation of Steam Injection Through Horizontal Wellbores for Viscous Oil Recovery 
Horizontal Fracturing Test in the Athabasca Oil Sands 
Hydrothermal Mineral Reactivity Studies for an In Situ Combustion Process 
Problems in the Analysis and Characterization of Bitumen and Heavy Oils 
Effect of Core Preparation on Laboratory Steam Flood Results 
Mud Systems and Solids Control at Wolf Lake 
The Bi-Provincial Project Primary Upgrading Technology-"Why Ebullated Bed Hydrocracklng (H-Oil) 
was Chosen" 
Staged Heavy Crude Upgrading 
High Conversion Upgrading of Extra Heavy Oils by a New Process Combination 
Upgrading and Enhanced Recovery of Tar Sand Bitumen and Heavy Crude Using the ART Process 
CANMET Hydrocracking - A Canadian Story 
Deep Conversion of Heavy Oil and Bitumen Via Veba-Combi-Cracking - An Update 
ASVAHL Hydrocatalytic Process for Heavy Oil Upgrading 
The MSR Process for Upgrading Bitumens and Heavy Oils 
Small Scale Upgraders Integrated with Field Production Facilities 
The Gulf Canada Donor Refined Bitumen (DaB) Process 
Potential for Asphaltenic Bottom Cracking Technology In Upgrading Ultra-Heavy Oil 
Upgrading of Bitumen by Hydropyrolysis - A Process for Low Coke and High Syncrude Yields 
Catalytic Hydroprocessing of Syncrudes: R & D Interests at CAN MET 
Advances in Heavy Oil Processing 
Kerr-McGee's ROSE Process Expands on Proven Extraction Technology 
Transportation of Extra Heavy Crude Oils by Heating or Dilution 
Heavy Oil Transportation: A Challenge 
Viscous Crude Oil Transportation: The Presentation of Bitumen, Heavy and Extra-Heavy Crude Oil-
in-Water Emulsions 
Heavy Oil Emulsion Treating in Canada 
Heavy Crude Transportation 
Sizing Hot Pipelines for the Transport of Hot Emulsified Heavy Crude Oil 
Pipelining of Heavy Crude Oils Using Core Annular Flow 
Heavy and Extra-Heavy Crude Oil-In-Water Emulsions for Transportation: Their Formulation, 
Formation, and Characterization 
Concepts for Heavy Metal Handling in Heavy Oil Upgrading Processes 
Organic Matter-Mineral Interaction in Oil Solids 
Recovery of Heavy Metal Minerals from Oil Sand Tailings by Oil Phase Agglomeration 
Saskatchewan Heavy Oil Project Environmental Constraints Study 
Environmental Aspects of Heavy Crude and Tar Sands Exploration, Production, and Transportation 
with Special Reference to Nigeria 	 - 
Economics of Heavy Crude Production by EOR Methods in Europe and Africa 
The Role of Oil Sands in Meeting Canada's Future Energy Needs 
Heavy Oil and the Potential of Thermal Recovery in the United States 
Site Selection of a Heavy Oil Upgrader 
Results from a Preliminary Feasibility Study of Electromagnetic Hot Waterflooding for Tar Sands and 
Heavy Oil
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• A Novel Small ScalcTar Sands Production Scheme 
• Heavy Versus Light Oil: Recent Changes in Refiners' Perspectives 
• heavy Crude Oil Markets 

Wilson, B. W., et al, "Chemical Analysis and Mutational Assay of Distilled Oils from the H-Coal Direct Liquefaction 
Process: A Status Report," Pacific Northwest Laboratories, January 1985. 

United States Department of the Interior, "PR Spring Combined Hydrocarbon Lease Conversion," Draft Environ-
mental Impact Statement, May 1985. 	 - 

CANADIAN PATENTS 

"Viscosity Reduction Process," W. H. Huang - Inventor, Texaco Development Corporation, Patent 1,163,947, 
March 20, 1984. 

"Electrode Device for Electrically Heating Underground Deposits of Hydrocarbons," T. Nagano, N. Kos hirakawa, T. 
Inoue - Inventors, Mitsubishi, Patent 1,165,360, April 1984. 

"Process Using Carbonate Reagent for Recovering Vanadium from Cokes Derived from Heavy Oils," L. L. 
Mccorriston - Inventor, Patent 1,169,661, June 26, 1984 (United States Patent 4,472,360). 

"In Situ Combustion for Oil Recovery,'. C. Savard, R.C.H. Lee - Inventors, Canadian Liquid Air Ltd., Patent 
1,170,979, July 17, 1984. 	 - 

"Heavy Oil Recovery Process," C. D. Derdall - Inventor, Patent 1,172,159, August 7, 1984. 

"Process for Simultaneously Cracking Heavy Hydrocarbons into Light Oils and Producing Hydrogen," T. Murakami, T. 
Suzuka, Y. Inoue, S. Aizawa - Inventors, Research Association Residual Oil Processing, Patent 1,173,393, August 28, 
1984.  

"Method of Processing Asphaltene-Containing Heavy Hydrocarbon Oils Possibly Having a High Metal Content," T. 
Simo, K. H. Eisenlohr, H. Puxbaumer .- Inventors, Metallgesellschaft Aktiengesellschaft, Patent 1,176,591, 
October 23, 1984. 

"Process for Recovery of Bitumen from: Tar Sands," A. L. Anderson - Inventor, Conoco Inc., Patent 1,177,005, 
October 30, 1984. 

"Process for the Recovery of Bitumens and Oils from Tar Sands," J. Sanda - Inventor, Kohle Energy Research 
Consultants Inc., Patent 1,177,430, November 6, 1984. 

"Process for Obtaining a Synthetic Crude Petroleum,' J. Devanneaux, C. Yacono - Inventor, Compagnie Francaise de 
Raffinage, Patent 1,178,231, November 20, 1984. 

SANDS - PATENTS 

"Cyclic Solvent Assisted Steam Injection Process for Recovery of Viscous Oil," Philip N. Islip and Winston R. Shu - 
Inventors, Mobil Corporation, United States Patent 4,513,819, April 30, 1985. A method for recovering oil from a 
subterranean, viscous oil-containing formation employing a cyclical injection-production program in which first a 
mixture of steam and solvent is injected after which fluids including oil are produced until the water cut of the 
produced fluids reaches 95 percent. Thereafter, the sequence of injection of a solvent/steam mixture and 
production of fluids including oil is repeated for a plurality of cycles. The ratio of solvent to steam is 2 to 
10 volume percent.. The, mixture of solvent and steam is injected into the lower portion of the formation in which 
adequate fluid communication exists or in which a communication path is first established. In another embodiment, 
after the initial solvent/steam injection-production cycle, steam or hot water is injected into the formation followed 
by production and drawdown of the formation. 

"Azeotropic Dehydration Process for Treating Bituminous Froth," John E. Filby (of Canada) - Inventor, Petro-
Canada Exploration Inc., United States Patent 4,514,305, April 30, 1985. Bituminous froths, typically obtained from 
the known hot water method of extraction treatment of oil sands, are processed to remove water, and part of the 
coarse mineral solids contained in the froth. In the process, the froth feedstock from the hot water method 
treatment is mixed with a naphtha diluent, preferably naphtha which is derived from upgrading or refining of 
separated bitumen, in preferably the minimum amount sufficient to effectively remove all water by azeotropie 
distillation, while providing a workable feed viscosity. The mixture of naphtha and froth is treated to remove coarse 
solids and part of the water in a settling device, heated to a temperature sufficient to cause vaporization of the 
naphtha and remaining water as an azeotrope and flashed to substantially separate all water and naphtha from the 
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bitumen. The dry bitumen with remaining solids, is normally not suitable for passing to a refinery but rather is sent 
to upgrading at a typical oil sands mining upgrading complex. Naphtha is recovered and recycled. The naphtha, in 
addition to its azeotrope forming feature, makes the froth more homogenous, less viscous, easier to handle and less 
fouling in heat exchangers; facilitates separation of coarse solids, and eliminates severe foaming when the froth is 
heated. 

"Catalytic Dewaxing Using Collapsed Large Pore Zeolites," Ian A. Cody - Inventor, Exxon Research and Engineering 
Company, United States Patent 4,515,681, May 7, 1985. It has been discovered that the pour point and wax content 
of waxy hydrocarbon oils, either natural or derived from synthetic sources such as tar sands, shale oil, etc., 
preferably natural waxy petroleum oils, most preferably waxy tube, transformer, specialty oils and waxy fuels such 
as kerosene or jet fuel, can be effectively reduced under standard catalytic dewaxing conditions using a 
aluminosilicate catalyst with very low crystallinity (VLC), as measured by X-Ray diffraction. These VLC materials 
are derived from crystalline aluminosilicate zeolites which will not themselves reduce the pour point and wax 
content of waxy oils by the thermal decomposition of said zeolites following their exchange with cations which yield 
hydroxyl groups during the thermal decomposition step. 

"Treatment and Separation of Petroleums and Related Materials," George C. Yeh - Inventor, United States Patent 
4,515,685, May 7, 1985. Herein is disclosed a method and apparatus whereby all petroleums and/or related 
materials, including natural materials (such as, petroleum gas, crude oils, bitumens, crude oils from oil sands and oil 
shales, tars from sands, etc.), fraction or fractions derived from said natural materials, and refinery streams and 
products, are refined and separated to remove their asphaltic constituents (asphaltenes, resins, etc.), and/or non-
hydrocarbon constituents (metals, heteroatoms, etc.), by contacting said petroleums and/or said related materials 
with added asphaltenes, precipitating said constituents together with said added asphaltenes, and then separating the 
mixture of the resultant precipitates and said added asphaltenes to recover an oil (and/or gas) having a reduced 
concentration of said constituents. Said mixture can also be separated to remove its residual volatile constituents 
to produce asphalts; or it can be treated by a low molecular weight paraffinic solvent to recover asphaltenes, which 
would have numerous potential usages although they have not been available commercially. 

"Rubber Composition Containing a Silicone Raw Rubber," Noriaki Wada (of Japan) - Inventor, Bando Chemical 
Industries Ltd., and Japan Synthetic Rubber Company, United States Patent 4,517,332, May 14, 1985. A rubber 
composition capable of giving a non-tacky vulcanized rubber can be obtained by mixing 98 to 80 percent by weight 
of at least one organic rubber selected from natural rubber and organic synthetic rubbers and 2 to 20 percent by 
weight of a silicone raw rubber having a molecular weight of 100,000 to 1,000,000. A conveyor belt in which at least 
the surface layer is composed of a vulcanizate of this rubber composition is suitable for carrying highly tacky 
substances such as oil sand. 

"Treatment of Carbonaceous Shales or Sands to Recover Oil and Pure Carbon as Products," David C. Walker - 
Inventor, United States Patent 4,519,894, May 28, 1985. A carbon-containing solid (such as oil shale or tar sand) is 
treated with air in a six-stage vertical shaft to make producer gas, oil, and a pure carbon as products. The top and 
bottom stages of the vertical shaft are fed to pro-heat incoming solid and to scavenge sensible heat from the 
processed solid. One stage is a direct retort and makes a gas stream which Is a mixture of producer gas and oil. 
Another stage is a gas producer which converts fixed carbon on the solid to carbon monoxide by reaction with air 
and carbon dioxide. A fifth stage preheats incoming air. The sixth stage cools and purifies hot carbon monoxide-
rich producer gas. The oil and producer gas products are made by direct retorting of the solid with air followed by a 
separation step. The pure carbon product is made by separating pure carbon monoxide from the carbon monoxide-
rich producer gas followed by reacting the carbon monoxide to carbon dioxide and the pure carbon product. 

"Process for Improving Quality of Pyrolysis Oil from Oil Shales and Tar Sands," Robert J. Klett, Byron C. Spars, and 
P. Henrik Wellman - Inventors, Chevron Research Company, United States Patent 4,521,292, June 4, 1985. A 
process for retorting hydrocarbonaceous solid selected from the group consisting of oil shale and tar sand to recover 
pyrolysis oil of a lower average molecular weight and containing less contamination which comprises: (a) mixing 
particulate raw hydrocarbonaceous solid with a particulate heat transfer material to raise the raw hydrocarbona-
ceous solid to a temperature sufficient to pyrolyze the hydrocarbonaceous fraction; (b) pyrolyzing the hydrocarbona-
ceous fraction in a vertical retorting vessel by retaining the mixture of raw hydrocarbonaceous solid and hot 
particulate heat transfer material therein for a time sufficient to decompose a significant amount of hydroearbona-
ceous fraction to form hydrocarbon vapors; (c) passing a stripping gas through the mixture of hydrocarbonaceous 
solids and heat transfer material at a velocity sufficient to significantly lower the dew point of the evolved 
hydrocarbon vapors; (d) recovering as pyrolysis products from the raw hydrocarbonaceous solid contaminated hydro-
carbon vapors and a mixture of hot pyrolyzed solids and heat transfer material; (e) condensing from said hydrocarbon 
vapors at a temperature of between 550° and 680°F a high boiling fraction containing concentrated contaminants, 
said high boiling fraction being comprised of at least 90 percent hydrocarbons having a boiling point above 850 012; (f) 
contacting the contaminated high boiling hydrocarbon fraction with the hot mixture of pyrolyzed solids and heat 
transfer material so as to thermally crack the high boiling fraction and to deposit the contaminants along with coke 
on the mixture of particles; and (g) withdrawing a product oil vapor of a lower average molecular weight and having 
substantially reduced contamination.
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"Formation of Coke from Heavy Crude Oils in the Presence of Calcium Carbonate," Zacharia M. George, Michael A. 
Kessick, and Linda C. Schneider (all of Canada) - Inventors, Alberta Research Council, United States Patent 
4,521,382, June 4, 1985. The sulfur emissive capability, on combustion, of coke which is formed during upgrading of 
sulfur-containing heavy crude oils, including oil sands bitumen, and residua, is decreased by the addition of calcium 
carbonate, preferably in the form of limestone, to the heavy crude oil prior to coking. The presence of the 
limestone leads to an increased yield of liquid distillates from the coking process under preferred coking conditions. 
Ash remaining after combustion of the coke may be leached to recover nickel and vanadium values therefrom. 

"Lime Addition to Heavy Crude Oils Prior to Coking," Zacharia M. George, Michael A. Kessick, and Linda C. 
Schneider (all of Canada) - Inventors, Alberta Research Council, United States Patent 4,521,383, June 4, 1985. The 
sulfur emissive capability, on combustion, of coke which is formed during upgrading of sulfur-containing heavy crude 
oils, including oil sands bitumen, or residua, is decreased by the addition of slaked lime or calcium oxide to the 
heavy crude oil prior to coking. The presence of the slaked lime or calcium oxide leads to an increased yield of 
liquid distillates at coking temperatures of about 4500 to 500°C. Ash remaining after combustion of the coke may be 
leached to recover nickel and vanadium values therefrom. 

"Process for Hydroeracking Hydrocarbons with Hydrotreatment-Regneration of Spent Catalyst," Masaioshi Inooka 
(of Japan) - Inventor, Chiyoda Chemical Engineering and Construction Company Ltd., United States Patent 
4,525,267, June 25, 1985. A process for hydrocracking hydrocarbons for residuum conversion In the presence of a 
fluidized catalyst, which is characterized by extracting at least part of the fluidized catalyst from the reaction 
system as a spent catalyst, subjecting at least part of the spent catalyst to hydrotreatment for solubilizing toluene 
insoluble carbonaceous materials deposited on the catalyst thereby regenerating the spent catalyst, and recycling 
the regnerated catalyst to the hydrocracking step. According to this process, the spent catalyst is recycled to the 
hyrocracking step in a highly activated state after the regenerative hydrotreatment, so that it becomes possible to 
suppress the coke production within the reactor to a considerable degree, to maintain the coke level of the catalyst 
below apre-determined value and to preclude the contamination of the reactor walls with coke. The process of the 
invention which regenerates the spent catalyst by a hydrotreatment, in contrast to the conventional catalyst 
regeneration by oxidative roasting, eliminates all the difficult problems as encountered in the oxidative roasting 
methods; 

"Hydrocarbon Conversion Method," John J. Helstrom, John A. Mahoney, and Regis J. Pellet - Inventors, Standard Oil 
Company (Indiana), United States Patent 4,526,675, July 2, 1985. A method for recovering upgraded liquid products 
by the hydroconversion of coal, coke, lignite, petroleum fractions, biomass, tar sands bitumen, and shale oil are 
disclosed. In particular, the catalyst composition employed consists of a group vIB metal components and a highly 
dispersed tin component. 

"Disposal of Spent Oil Shale and Other Materials," Adrian Brown, David B. McWhorter, and George H. Watson - 
Inventors, Standard Oil Company (Indiana), United States Patent 4,529,497, July 16, 1985. A process is provided for 
retorting synthetic fuels, such as oil shale, and disposing of the tailings in an environmentally acceptable manner. In 
the process, raw synthetic fuels are retorted in a surface retort to produce synthetic oil. The synthetic oil is 
dedusted and upgraded. The retorted synthetic fuels can be combusted and moisturized to generate heat for the 
retort, produce steam, and facilitate handling of the residual waste material (tailings). A disposal site of spent 
synthetic fuels, spent upgrading catalyst, dust, and/or other material is formed with vapor breaks at one or more 
levels in the pile. Air is passed through the vapor breaks to evaporate leachate rather than permitting the leachate 
to carry pollutants from the pile into the ground and surrounding bodies of water.	 - 
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LISTING OF STATUS UPDATES OF 
OIL SANDS PROJECT 

The following list provides updated descriptions of projects whose status have 
changed during this quarter. 

If the status of a project has not changed this quarter, only the project name 
and sponsor(s) are provided. The most recent description of each of these 
projects is referenced by identifying the appropriate date and page number of a 
previous issue. 

Complete dèsdriptions of all active projects will be provided in the March 1986 
issue.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (T-06) 

(see the June 1985 Issue, page 3-50) 

CANSTAR - Nova - An Alberta Corporation, Petro-Canada (T-b) 

(see the March 1985 issue, page 3-42) 

WHEMECH PROJECT - CHEMECH (T-15) 

The United States Synthetic Fuels Corporation (SFC) received a proposal for the CHEMECH project in 
response to the competitive solicitation for tar sands projects that utilize mining and surface processing. The 
extraction plant will be located on 25 acres in north Logan County, Kentucky. The site Is 10 miles from 
Russellville, Kentucky. 

The plant will process approximately 3,500 tons per day of tar sand ore which will be surface mined from 
900 acres to be leased adjacent to the plant site. Three process trains will utilize the CHEMECH Adapted 
Solvent Extraction Process to produce 1,000 barrels per day of bitumen. This process has been developed by 
CHEMECH of Bowling Green, Kentucky based on research of different solvent extraction processes. A 
hydrocarbon solvent is used to extract the bitumen from crushed tar sand ore. The bitumen and solvent are 
then separated by distillation. The cleaned sand Is steam stripped to recover the solvent, and Is returned to 
the mine for disposal and reclamation. 

If the project is selected by the SFC, the proposed schedule calls for construction to begin In April 1986, and 
for start-up to begin in September 1986. 

Project Cost:	 Not disclosed 

COLD LAKE PROJECT - Esso Resources Canada Limited (T-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. Subsequent approval for Phases 3 and 4 was granted In June 1984 and for 
Phases 5 and 6 in May 1985. 

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 allows for all produced water to be recycled. 

Shipments of diluted bitumen from Phases 1 and 2 started in July 1985. By the end of 1986, commercial 
bitumen production at Cold Lake will average 55,000 barrels oil per day. 

Project Cost:	 $600 million

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 71,000 barrels per day. Based on mining 
studies by Loram International Ltd., engineering studies by Bechtel Canada Ltd., and continuing internal 
studies by Petro-Canada the project is expected to cost $4.1 billion (Canadian). Approximately 114 core 
wells were drilled at the site during the 1984/1985 winter 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. 

Project Cost:	 $4.1 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (T-30) 

(see the June 1985 issue, page 3-50) 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (T-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco 
Canada holds a 100 percent working interest in 6,864 hectares of oil sands leases in the area. The proposed 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1985) 

COMMERCIAL PROJECTS (ContinuecO 

Phase 1 Thermal Project is located in the NW 1/4 of Section 28, Township 55, Range 6 West of the 4th 
Meridian. Access to the Thermal Project site will be via county and private roads from Alberta Highway 41. 
Access to other areas developed in Phase 1 will be via the same means. Roads will be designed and 
maintained to provide year-round access. 
Amoco Canada's involvement in Elk Point oil sands development began in December 1981 with the drilling of 
a well at 1-28-55-6W4. As of December 31, 1983 forty-five additional wells have been drilled. 
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 Mannvllle zones including the McMurray, Clearwater, and Sparky. 
Amoco Canada has identified three separate development phases of the Elk Point Project Phase 1 of the 
Project will involve the drilling, construction, and operation of a 13-well Thermal Project (one, totally 
enclosed 5-spot pattern), a continuation of field delineation and development drilling and the construction of 
a product cleaning facility adjacent to the Thermal Project. The delineation and development wells will be 
drilled on a 16.19 hectare spacing and will be cold produced and/or huff-puff stimulated during Phase 1. 
Construction of the Phase 1 Thermal Project and cleaning facilities is scheduled to begin following regulatory 
approval. Operations at the Phase I Thermal Project would continue until such time as it would be 
incorporated into Phase 2 development (tentatively beginning in 1987) or until steam injection was proven to 
be a non-viable recovery process for the reservoir. 
Drilling of the delineation and development wells will continue in 1985. These wells will be cold produced for 
a short period of time in order to confirm the wells' producibility and to detect the presence of any reservoir 
conditions which will affect steam injection (e.g., gas caps, water legs, sand production). Production of a 
small amount of bitumen from these wells will also Improve future steam injectivity by providing voldage 
within the reservoir. This will lead to improved thermal response. These wells will be converted to thermal 
recovery during Phase 2. The total estimated cost of Phase 1 is approximately $50 million (Cdn). 
Phase 2 development, scheduled to begin in 1988, will involve the commercial development of the field up to 
its maximum production rates of 3,630 cubic meters per day (22,800 barrels per day) in 1995. Phase 3 of the 
Project will involve maintenance drilling and construction through eventual termination of the Project 
Approximately 1,000 wells will be drilled over the Project life. Preliminary plans call for slant or directional 
drilling of these wells from pad locations but a final decision on this method will await results from Phase 1. 
The estimated capital investment required for Phases 2 and 3 (in escalated dollars) is $1.75 billion. 

Project Cost'	 (See Above) 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 
Greenwich Oil Company is proposing 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 injection of high concentration oxygen. Construction is expected to 
begin in the third quarter 1985. Loan and price guarantees are requested from the United States Synthetic 
Fuels Corporation under the third solicitation. The project passed both the SPC's project maturity and 
project strength evaluations. On April 5, 1984 theSFC Board notified the Department of the Treasury to set 
aside $60 million for the project On August 21, 1985 the Board directed their staff to complete contract 
negotiations with Greenwich by SeDtember 13. 1985 for an award of u p to 560 million. 

Project Cost: . Estimated $42.5 million 

• LINDBERGH COMMERCIAL PROJECT-- Dome Petroleum Limited (T-32) 
Dome Petroleum has applied to the Alberta Energy Resources Conservation Board for a commercial project 
in Lindbergh. The project will cover five sections and will 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 approximately $158 million (Canadian). The project is expected to encompass a period 
of 12 years and will result in peak production of 12,000 barrels of oil per day, which when coupled with 
production from two experimental plants and additional wells will raise the daily area production to about 
15,000 barrels per day. 

Project Cost:	 See above
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1985) 

COMMERCIAL PROJECTS (Continued) 

LLOYDMINSTER REGIONAL UPGRADER -- Husky Oil, 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 hydrocracker followed by delayed coking of the hydrocracker residual. 
Engineering and design of the plant began in mid-1984 and is expected to require approximately two years. 
Construction Is slated to begin in the fall of 1985 and will be completed in late 1988. 

Preliminary engineering studies covering modularization, geotechnical studies, and surveying have also be 
completed.

was 

Staffing for the project totalled 114 people at the end of March. 

Estimated cost of the project during the next five years is $3.2 billion (Canadian), with the upgrader expected 
to cost $1.4 billion. Additional capital expenses of approximately $900 million will be spent on drilling 
approximately 2,000 new wells in the two deposits, building pipelines, and installing support production 
facilities. The remaining $900 million will cover heavy oil production operating costs for the project for the 
first five years. 
The project was announced in June 1984 after terms of loan guarantees and royalty concessions were 
approved by the federal government and the Alberta and Saskatchewan provincial governments. 

Project Cost:	 Upgrader - $1.4 billion 
Wells, Pipelines, and Production Facilities - $0.9 billion 
First Five Years Production Operating Costs - $0.9 billion 

PEACE RIVER COMMERCIAL EXPANSION -- Shell Canada Resources Limited (T-35.5) 

Shell Canada Resources Limited is expanding the existing Peace River In Situ Pilot Project to an average 
production rate of 10,000 barrels per day. The expansion will be located adjacent to the existing pilot 
project, approximately 55 kilometers northeast of the town of Peace River, on leases held jointly by Shell 
Canada Resources Limited and Shell Explorer Limited. 
The expansion, at an estimated cost of $200 million, will require the drilling of an additional 212 wells for 
steam injection and bitumen production, plus an expanded distribution and gathering system. Wells for the 
expansion will be drilled directionally from eight common pads. The commercial project will also include 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 will also be added. No upgrader is 
planned for the expansion; all bitumen extracted will be diluted and marketed as a blended heavy oil. The 
diluted bitumen will be transported by pipeline and 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 is planned to be on stream late 1986. This expansion is only 
the first step of Shell's long-term plan to develop the Peace River oil sands. If successful, a further 
expansion could follow in the early 1990s. Additional phased expansion could occur over a 30 year period. 

Project Cost:	 $200 million
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1985) 

COMMERCIAL PROJECTS (Continued) 

PORTA-PLANTS PROJECT - Porta-Plants, Inc. (T-36) 
Porta-Plants, Inc., is proposing a project near Roosevelt, Utah to produce 1,000 barrels per day of bitumen 
from high-grade Utah tar sands utilizing an optimized hot water disengagement and selective cohesion 
process. The first phase (for which SEC assistance was not requested) involves construction of a 10 barrels 
per day plant to be operational in 1984. Superior yields have been proven. A heavy oil upgrading process has 
not been chosen. Processes being considered include: Dynacracking, ART, and hydrotreating. Construction 
of the 1,000 barrels per day facility would follow on the same site, with start-up scheduled for October 1985. 
Price and loan guarantees were requested from the United States Synthetic Fuels Corporation (SFC) under 
the third solicitation. However, the project did not pass the SEC's project maturity evaluation. A contract 
has been signed with AOSTRA for Porte Plants to conduct a small scale experimental test on low grade 
Athabasca oil sand. Production costs will be $12.92 per barrel including operation and equipment. 

Project Cost:	 10 barrels per day Plant:	 $ 3,000,000 
100 barrels per day plant:	 $ 7,000,000 
1,000 barrels per day Plant:	 $27,500,000 

PRIMROSE LAKE COMMERCIAL PROJECT— Dome Petroleum Ltd. (T-38) 
(see the March 1985 issue, page 3-45) 

SANTA ROSA OIL SANDS PROJECT - Solv-Ex Corporation (T-570). 

(see the March 1985 issue, page 3-45) 

SELECTIVE CATALYTIC COHESION PROJECT - Porta-Plants, Inc. (see Porte-Plants project) 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (T-40) 
The project is the world's tint refinery designed to use exclusively synthetic crude oil as feedstock, located 
northeast of Fort Saskatchewan 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. Products also include butane, propane, and sulfur. 
The refinery's petroleum products are gasoline, diesel and jet fuel and stove oil. Shell -has 100 percent 
interest in the refinery and the benzene manufacturing facilities associated with the refinery is owned by 
Shell Canada Limited. 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. (formerly Great Canadian Oil Sands, Ltd.) - Ontario Energy Resources Ltd. (25 percent), Sun Oil 
Company (72.8 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 
plans to move toward 51 percent Canadian ownership by 1987. 

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 Resources Development. 
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, overburden is removed to expose the oil-bearing sand. Second, the sand 
is mined and transported by conveyors to the extraction unit. Third, hot water and steam are used to extract 
the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal crackirwproduces coke, 
and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic 
crude oil, most of which is shipped to Edmonton for distribution. An expansion was completed in 1981 adding 
a third mining system, a fifth line in the extraction plant, an additional pair of coking drums, and a 250,000 
pounds per hour gas-fired boiler. The current daily average production Is 58,000 barrels. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1985) 

COMMERCIAL PROJECTS (Continued) 

In 1984 Suncor announced it would spend an additional $500 million over the next five years to improve 
productive capacity and plant reliability. It is expected this program will Increase the productive capacity of 
the plant by approximately 5 ,000 barrels per day. Current estimated remaining reserves of synthetic crude 
oil are 388 million barrels. 

The plant receives world price for Its oil which has ranged from $38 to $45 per barrel over the last few years. 

Project Cost	 (see above) 

SUNNYSIDE TAR SANDS PROJECT - ONC Tar Sands Corporation (T-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by (INC in 1982 in Salt Lake City, which 
employs ambient water flotation concentration which demonstrated that tar sands could be concentrated by 
selective flotation from 8 percent bitumen as mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added In back of a flotation unit at 
Colorado School of Mines Research Institute in Denver, produced a bitumen dissolved In a kerosene solvent 
with a ratio of 1:3 which contained 5 percent ash and water. Chevron also ran a series of tests using the 
solvent circuit first followed by flotation and found it to be simpler and cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran It through their 
Engelhard ARTCAT pilot plant in Houston and produced a 270API crude out of the 10 percent API bitumen, 
recycled the solvent, and eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today (INC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen 
through the solvent and flotation units and converts 92 percent of that stream to a 27°API crude with 
characteristics between Saudi Light and Saudi Heavy. 

(INC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of 
bitumen. It has applied to M for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon 
lease. 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 solicitation by the United States Synthetic Fuels 

Project Cost	 $378 million for 25,000 barrels per day facility 

SYNCRUDE CANADA, LTD. - Alberta Energy Company (10 percent); Alberta Oil Sands Equity (16.74 percent); 
Canadian Occidental Petroleum Ltd. (13.23 percent); Esso Resources Canada Limited (25 percent); Gulf Canada 
Resources Inc. (9.03 percent); Dome Petroleum Limited (agent for HBOG Oil Sands Limited Partnership) (5 percent); 
PanCanadian Petroleum Limited (4 percent); Petro-Canada Ventures Inc. (17 percent) ('F-GO) 

Located near Ft. McMurray, the plant has an allowable production of 129,400 barrels per calendar day; 
however, current capacity is 118,000 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, and 1984 was 
31,2 million barrels. All major equipment  is in place and operational; four draglines and four bucketwheels 
working. Syncrude's staff is 4,441. A 5-year, $1.2 billion capacity addition project and expansion now 
underway will increase synthetic crude oil production by nearly 30,000 barrels per day. The expansion is 

Project Cost	 Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (T-680) 

Located 30 miles north of Bonnyville near the 'Saskatchewan border, on 75,000 acres, the Wolf Lake 
commercial oil sands project (a joint venture between BP Canada Resources Ltd. and Petro-Canada) Is slated 
for daily oil production of 7,000 barrels when fully operational in mid-1985. The oil will be extracted by the 
"huff-and-puff" method. Nearly two hundred wells will be drilled initially, then steam injected. As 
production from the original wells declines more wells will be drilled. 

3-72	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1985) 

COMMERCIAL PROJECTS (ContinuecO 

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, 5.5 months ahead of 
schedule. The facilities are now in the operating phase, where first production began in late April 1985. 
Drilling of wells began October 15, 1983 and the initial 192 wells were complete in early July 1984, 
7.5 months ahead of schedule. An estimated 720 wells were 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 (12°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, and would also qualify for a special 133 percent tax write-off. 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. 
(Also see Marguerite Lake Phase A Pilot and Marguerite Lake B Unit Experimental Test.) 

Estimated Cost $114 million (Canadian) 
(Additional $750 million over 25 years for additional drilling) 

R&D 

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 Carmel 
Energy of Houston, and partially tested in heavy oil fields in the United States. 
The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A 
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 viscosity. The well is then put on production with back pressure and the gas 
comes out of solution to provide a gas depletion drive mechanism. After the individual wells achieve "link-

with this cyclic procedure, the pilot may be converted to a steam drive. Carbon dioxide is trucked-W1 
the pilot facility. 

Project Cost:	 $15 million for the first phase 

ANZAC PILOT PROJECT— (see GLISP Project) 

ASPHALT RIDGE TAR SANDS PILOT PLANT - Sohio Shale Oil Company (T-120) 
(see the June 1985 issue, page 3-54) 

ATHABASCA IN SITU PILOT PROJECT - Alberta Oil Sands Technology and Research Authority, Canterra Energy 
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 
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R & D PROJECTS (Continued) 

started up in 1984. The modification consists of four new wells drilled to form a single 9-spot pattern with 
8 producers and 1 injector. There are 2 observation wells inside the pattern and 4 outside the pattern. 

Results to date from the pro)ect have been encouraging. Tracers injected with the steam have been used to 
confirm reservoir Quid flow in the first oattern and a hi gh rate welled nold water fran wee imail to tnhiich 

The Alberta Oil Sands Technology and Research Authority (AOSTRA) has acquired a 25 percent interest in 
the project 

Project Cost:	 $80 million (estimate) 

BAVFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. (T-135) 

(see the March 1985 issue, page 3-42) 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources Limited. (T-140) 
(see the June 1985 issue, page 3-55) 

CANMET RYDROCRACKING PROCESS - Canada Centre for Mineral and Energy Technology (CANMET), Petro-
Canada, and Partec Lavalin Inc. (T-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 CANMET 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 boiling above 524 0C.) 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 CAN MET additive at comparatively moderate pressures 
and temperatures. Only moderate H 2 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 CANMET 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. The demonstration plant is now complete and commissioning is in progress (August). 
run uperauuIl ts seneaulea br earsy Intoner 1Sb. in acoition, a rive year K & D program has been 
implemented joinuy by CANMET, Petro-Canada, and Parise Lavalin Inc., on the further development and 
commercialization of the CANMET Hydroeracking Process. 

Project Cost.	 Not disclosed 

CEDAR CAMP TAR SAND PROJECT - Enercor, Mono Power (T-190) 

(see the March 1985 issue, page 3-50) 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 

Mobil's heavy oil project is located in T52 and R23, W3M in the Celtic Field, northeast of Lloydminster. The 
pilot consists of 25 wells drilled on five-acre spacing, with twenty producers and five injectors. There is one 
fully developed central inverted nine-spot surrounded by four partially developed nine-spots. The pilot was to 
field test a wet combustion recovery scheme with steam stimulation of the production wells. 

Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational 
problems. An intermittent steam process was initiated in August 19827The fifth steam Injection cycle 
commenced in May 1985 and operations are continuing. 

Project Cost	 $21 million (Canadian) (Capital) 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (T-205) 

Canadian Worldwide currently holds a 25 percent working interest In this 8,960 acre property. An agreement 
has been reached with Husky Oil Operations Ltd., to proceed with a $5 million pilot project; work is to 
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R & 0 PROJECTS (Continued) 

12 miles southeast of the town of Bonnyvile. Nine natural gas wells have been drilled on the property to 
date, which have confirmed the presence of heavy oil in the Lloydminster sand at a depth of approximately 
1,300 feet. The pay zone, based on preliminary evaluations, is approximately 40 feet thick and has good 
reservoir parameters. 

Project Cost	 $5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-220) 

(see the March 1985 issue, page 3-50) 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area 
resulted in approximately 100 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters 
have been delineated at depths between 290 and 460 meters. This pay is found in sand zones ranging in 
thickness from 2 to 10 meters. 

Project Cost:	 Not disclosed 

ENPEX SYNTARO PROJECT - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior OR 
Company, M. H. Whittier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General 
Partners) (T-260) 

(see the June 1985 issue, page 3-55) 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam 
stimulation in the Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot 
site in 27-64-3W4 on Esso's Lease No. 40. Current project approval is 1,1 BOPD with productivity from 70 
wells on a five spot pattern. Esso has sold these data to several companies. Esso Ps Leming pilot Is located in 
Section 5 through 8-65-3W4 and currently produces 16,000 BOPD. The Leming pilot uses several different 
patterns and processes to test future recovery potential. Esso expanded its Leming field and 	 ilities plant fac 
In 1980 to increase the capacity to 14,000 BOPD 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 mid- 
1985, Leming had 483 operating wells. 

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 
water produced with the bitumen into a suitable feedwater for the steam generators. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $250 million 

EYEHILL IN SITU STEAM PROJECT - Canada Cities Service, Ltd., Canadian Reserve Oil and Gas Ltd. and Murphy 
Oil Company Ltd. (T-280) 

(see the June 1985 issue, page 3-56) 

FT. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (T-290) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in 
the Fort Kent area of Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with 
Suncor as operator. This oil has an average gravity of 12.5 0API, and a sulfur content of 3.5 percent. 
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A total of 118 production wells are included in this project, with a current production level of 3,400 barrels 
per day. The project utilizes huff and puff, with steamdrive as an additional recovery mechanism. The first 
steamdrive pattern was commenced in 1980, and a second was converted in 1984. Eventually most of the 
project will be converted to steamdrive. Two evaluation wells were drilled in 1984, and a 10-well expansion 
to the project is planned based on results from these wells. 
Ultimate recoveries are anticipated to be approximately 21 percent. Engineering work is underway to 
determine the feasibility of increasing this recovery, particularly with regard to the use of steam additives 
such as carbon dioxide. Results from the laboratory work, which has now been completed, indicate that 
increased or accelerated production can be realized using these additives. Work is now commencing to design 
a field pilot, to be undertaken in 1986. Costs for the work up to the point of commencing a field test are 
estimated at $1.2 million; however, due to the participation of AOSTRA and the Alberta Government Industry 
Access Program, Canadian Worldwide's share of the program is reduced to $135,000. 
Field trials are also being carried out to determine the benefits of other additives such as surfactants and 
diverting agents. These additives are commercially available, and are widely used in other heavy oil areas. 
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 has been expanded to two burns, and 
Injection rates increased so that meaningful results can be obtained by 1988. 

Project Cost: 	 Not Disclosed 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-297) 
(see the June 1985 issue, page 3-56) 

GROSMONT THERMAL RECOVERY PROJECT - Union Oil Company of Canada Limited (T-300) 
Since 1975, Union has operated five in situ steam tests and two in situ combustion tests in the Grosmont 
formation of Alberta's carbonate1avy 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 3 single well huff and puff pilots are still 
in operation. Participants in this project include theAlberta Oil Sands Technology and Research Authority 
(50 percent), Canadian Superior Oil Ltd. (25 percent) and Union Oil Company of Canada Limited (25 percent). 
Operations are programmed to continue to the end of 1985. 
At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost:	 Not disclosed 

INTERNATIONAL HYDROCARBON TAR SANDS PROJECT -- International Hydrocarbons Inc. (T-320) 
Tar sand recovery project located in Grand County north of Green River, Utah (T21S R16E). International 
Hydrocarbons has 600 acres of state land and 200 acres of fee land which provide a resource base of 
approximately 396 million barrels recoverable oil. Thermal extraction with open pit mining will be applied to 
produce up to 60,000 barrels per day. Negotiations are underway for the prime construction contractor. 
Construction was scheduled to begin in 1983 and be completed in 3 to 5 years. The sponsors resubmitted a 
proposal to the SFC for loan and price guarantees under the fourth general solicitation that closed June 29, 
1984. However, the project was dropped from further consideration on January 15, 1985. 
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Project Cost	 $450 million for the down-sized plant 

IPIATIK LAKE PROJECT - Alberta Energy Company and Petro-Canada (T-330) 
(see the March 1985 issue, page 3-53) 

KENOCO PROJECT - Kenoco Corporation (Ward Douglas and Company and KSA Resources) (T-340) 
Kenoco Corporation, formed by Ward Douglas and Company and the principals of KSA Resources to be the 
successor to the Kensyntar Company, is developing a heavy oil project in Edmonson County, Kentucky on a 
19,000 acre lease. The principals of Kenoco acquired the interests of Pittston Synfuels, a partner in 
Kensyntar, in December 1984. Subsequently Kenoco has reactivated the pilot test site and anticipates 
producing 50 to 75 barrels per day by Pall 1985. The pilot was successfully operated from the summer 1981 
through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. The 
operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen 
core holes were drilled and analyzed, and the current pilot operation is being carried out to complete the 
production from the test pattern. 
In parallel with the renewed pilot operation plans are being developed to expand the pilot initially to a 400 to 
700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 10,000 barrels per day 
operation. 
The project will be privately financed. 

Project Cost	 No disclosed 

KENSYNTAR PROJECT -- (see Kenoco Project) 

KING SOLOMON DOWNHOLE STEAM GENERATOR PROJECT-- King Solomon Resources Ltd. (T-350) 
King Solomon Resources Ltd. is developing a downhole steam generator. In contrast to most downhole steam 
generaton approaches, which involve injecting fuel and compressed air or oxygen to a downhole burner, the 
King Solomon approach is based on a closed-loop chemical heat transfer system. A mixture of methane and 
steam is heated at the surface to produce a reversible reforming reaction. The products of the reforming 
reaction, carbon monoxide and hydrogen, are transported at near ambient temperatures to a downhole heat 
exchanger containing a catalyst. The catalyst triggers the reverse methanation reaction, liberating large 
quantities of heat to be injected into the oil formation. A one-seventh scale device has been tested in the 
laboratory. 
King Solomon says that it is negotiating several joint venture agreements which will lead to field testing of 
the system. 

Project Cost	 Not Disclosed 

LETC TS-1S, Steam Drive - (see Tar Sand Research Program) 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T-360) 
(see the June 1985 issue, page 3-57) 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (T-370) 
(see the March 1985 issue, page 3-53) 

MARGUERITE LAKE PHASE A PILOT -- Alberta Oil Sand Technology and Research Authority - 50 percent; BP 
Resources - 20 percent, Dome Petroleum Ltd. (formerly Hudson's Bay Oil and Gas) - 17.5 percent; PanCanadian 
Petroleum Ltd. - 12.5 percent (T-390) 

(see the June 1985 issue, page 3-58)
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MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST -- Alberta Oil Sand Technology and Research Authority - 
33-1/3 percent; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (T-395) 

(see the June 1985 issue, page 3-58) 

MEOTA STEAM DRIVE PROJECT (North Battleford Heavy Oil Project) -- Canterra Energy Ltd., Saskatchewan Oil 
and Gas Corporation, Total Petroleum Canada Ltd. (T-400) 

(see the March 1985 issue, page 3-54) 

MINE-ASSISTED PILOT PROJECT (see UNDERGROUND TEST FACILITY PROJECT) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (T-420) 

(see the March 1985 issue, page 3-55) 

MURIEL LAKE PROJECT-- Canadian Worldwide Energy Ltd. and others (T-435) 
(see the March 1985 issue, page 3-55) 

PCEJ PROJECTS -- Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and 
Petro-Canada (T-460) 

(see the June 1985 Issue, page 3-59) 

PEACE RIVER IN SITU PILOT PROJECT -- Amoco Canada Petroleum Company Limited, AOSTRA, Shell Canada 
Resources, Limited, and Shell Explorer, Limited (T-470) 

Shell Canada Resources 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. 
This variation has been developed to fit the reservoir characteristics In the Peace River oil sands deposit 
where a 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 wells were added to the 
project to test the multisoak steam stimulation process preceding a pressure cycle steam drive. Steam 
injection to these wells 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 Resources, 18.75 percent; AOSTRA, 50 percent; Shell Explorer, 18.75 percent; and Amoco, 12.5 per-
cent 
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 participation. (See Peace River Commercial 
Expansion.) 

Project Cost-	 $146 million (Canadian) for the pilot 

PELICAN-WABASCA PROJECT - Gulf Canada Resources, Inc. (T-480) 
(see the June 1985 issue, page 3-59) 

PROVOST UPPER MANNYILLE HEAVY OIL STEAM PILOT PROJECT-- Noreen Energy Resources Limited (T-482) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to con-
duct an experimental cyclic steam/steam drive thermal pilot in the Provost Upper Mannvllle 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.
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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 

*PH SPRING PROJECT - Enercor, Solv-Ex Corporation, and Triad Engineering Services Limited (T-485) 
The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation 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. 
Approximtely 1,600 acres will be mined during the life of the project Exploratory drilling has indicated oil 
reserves of 58 million barrels with an average grade of 7.9 percent by weight bitumen. 
The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories 
and pilot plant and has the advantages of high recovery of bitumen, low water requirements, acceptable 
environmental effects and economical capital and operating costs. 
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. 

Project Cost:	 $158 million 

PRIMROSE - KIRBY PROJECT - Petro-Canada (T-SOD) 
(see the June 1985 issue, page 3-59) 

RAPAD BITUMEN UPGRADING PROJECT -- Research Association for Petroleum Alternatives and Ministry of 
International Trade and Industry (T-520) 

The Research Association for Petroleum Alterantives (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 de-
asphalting-hydrotreating, and catalytic hydrotreating. 
A hydrovisbreaking process composed of hydrovisbreaking, demetallization, and hydrocracking has been 
tested in a bench-scale plant. A 5 barrels per day pilot plant was then designed and built, and verification 
operation Is under way. Data from the S barrels per stream day pilot plant are being collected and scaling-up 
to a large size commercial plant is contemplated. 
A catalytic slurry-bed reactor pilot plant feeding 10 barrels per day of tar sands bitumen or heavy oil, is 
scheduled to be built from January to August 1985 and then will be operated for one year. The plant consists 
of a continuous slurry phase hydrotreating reactor, a solid-liquid separator, a catalyst reactivator, and some 
fractionators. 

Project Cost:	 Not Disclosed
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RTR PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (T-540) 

(see the March 1985 issue, page 3-57) 

SANDALTA - Canadian Superior Oil Ltd., Gulf Canada Resources, Inc., and Home Oil Company, Ltd. (T-550) 
(see the June 1985 issue, page 3-59) 

SANTA FE TAR SAND TRIANGLE PROJECT - Altex On Corporation and Santa Fe Energy Company(T-560) 
(see the March 1985 issue, page 3-57) 

SOUTH KINSELLA (KINSELLA B) -- Dome Petroleum Ltd., PanCanadlan Petroleum, and Petro-Canada (T-565) 
(see the March 1985 issue, page 3-58) 

SOUTH TEXAS TAR SANDS (SOnS) PROJECT (Fracture Assisted Steamflood Technology (FAST)) - Conoco 
(T-240)

(see the March 1985 issue, page 3-58) 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, 
Westcoast Petroleum Ltd. (T-580) 

An In situ combustion project located in southeastern Alberta within the Suffield Military Range and operated 
by Alberta Energy Company. Phase A of the project consists of one Isolated five-spot pattern. The reservoir 
is a Glauconitic sad In the Upper Mannvllle 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. Phase A Is expected to continue 
for four years. 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 12.5 percent interest. 
Phase A Is scheduled for completion in 1985. The pool is presently being developed on 2.5 acres spacing for 
Drimarv oroduction and future thermal considerations. Exoansion tn the thermal nnaratlnn Ic heino nlanna,4 tn 

Project Cost,	 $11 million (Canadian) 

SUNNYSIDE PROJECT - Amoco Production Company (T-600) 
(see the June 1985 issue, page 3-60) 

TACIUK PROCESSOR PILOT— AOSTRA/The UMA Group Ltd. (T-620) 
(see the March 1985 issue, page 3-59) 

TAR SAND RESEARCH PROGRAM - United States Department of Energy (T-625) 
(see the March 1985 issue, page 3-59) 

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. 
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Kirkwood Oil and Gas has applied to convert over 108,000 acres of on 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 

TEXACO ATHABASCA PILOT - Texaco Canada Resources Ltd. (T-650) 
Texaco Canada Resources Ltd. is continuing to operate the experimental In situ recovery project located 
within Section 15-88-8 W4M on the Oil Sand Lease No. 0981030008 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-acre pattern (Pattern I). By April 1975, the number of wells increased to thirty. Steam 
flooding, low temperature oxidation with steam flooding, and hot water flooding with and without additives 
were tested between 1973 to present. Operations are currently bein g phased out as oil cuts decrease.. 

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 to present. 
By 1981, eight wells including three horizontal wells were drilled for a third pattern (Pattern Ill). During 
1984, artificial lift equipment was installed in one of the outside horizontal wells. The other outside 

Construction of a second pilot in Steepbank Bituminous Sand Lease No. 098103007, approximately 40 miles 
north of the existing pilot continues to be suspended. 

Project Cost	 Approximately 63.2 million to the end of 1984 

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 Essds Cold Lake project Four wells were 
Initially put into operation and seven wells were added during 1985. To determine the most productive area 
the test wells are widely spaced over a 3,000 acre section of the lease. 
Approximately 1,250 barrels per day of 80 percent quality steam are Injected Into each well. Husky plans 
eight to ten cycles during 1985. Two portable natural gas-fired steam generators rated to 2,700 - 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 unconsolidated 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 100API with a viscosity of 100,000 cp 
at reservoir temperatures of 60°F. 
Husky plans to complete the pilot project by 1987. A decision to expand the project or not will be made at 
the conclusion of the pilot 

Project Cost	 Not Disclosed 

ULTRA SONIC WAVE EXTRACTION - Western Tar Sands Inc. (T-660) 

(see the March 1985 issue, page 3-60) 

UNDERGROUND TEST FACILITY PROJECT -- Alberta Oil Sands Technology and Research Authority (AOSTRA) 
(T-410)

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process 
unit The project will involve 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. 

Norwest Resources Consultants has been working on a design study fo AOSTRA Involving a mine shaft and 
tunnel pilot project A test site has been selected 12 miles west of Syncrude. Reserves on the lease are 
estimated at 325 million barrels. More drilling Is planned in 1984 to expand the data base. Construction of a 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1985) 

R & D PROJECTS (Continued) 

22 mile access road started early in January 1984. A $23 million contract has been signed with Patrick 
Harrison and Company Ltd. and Saturn Process Plant Constructors Ltd. for the sinking of two 3-meter 
diameter vertical she 	 and 300 meters of preliminary tunnel work. 
By early 1986 AOSTRA plans to have the shaft and tunnel complete, an experimental in situ extraction 
process selected, and the underground horizontal well drilling equipment developed and tested on the surface. 
Total funds committed by AOSTRA to the project are $43 million. 
AOSTRA is currently soliciting industrial participation in the next phase, the drilling of horizontal wells from 
the tunnel and the pilot testing of a bitumen extraction process. It Is expected that this phase will cost 
another $40 million, to be provided by industry. Industrial participants willearn a 25 percent undivided 
interest in the lease acreage, said to contain over 4 billion barrels of 

rceoil 
in place. Commitment to 

commercial operations would earn the industrial participants a further 25 pent Interest in the lease. 

AOSTRA refers to the technology as Shaft and Tunnel Access Concept (SATAC). Injection and production 
wells, 500 to 600 meters in length, will be installed In the oil sand by drilling horizontally from tunnels in the 
sand, or by drilling up and deviating to the horizontal from tunnels in underlying limestone. Recovery 
schemes which might be considered include steam chamber, electrical preheat, carbon dioxide steam flood, or 
solvent processes. 

Project Cost:	 See Above 

YAREGA MINE-ASSISTED PROJECT -- Union of Soviet Socialist Republics (T-665) 

(see the March 1985 issue, page 3-60) 

"200" SAND STEAMPLOOD DEMONSTRATION PROJECT - Santa Fe Energy Company, U.S. Department Energy 
(T-670) 

(see the March 1985 issue, page 3-61) 

COMPLETED AND SUSPENDED PROJECTS 

Sponsor	 Last Appearance in SFR 

Chaparrosa Ranch Tar Sand Project 	 Chaparrosa Oil Company 

HOP Kern River Commercial	 Ladd Petroleum Corporation 
Development Project 

Kentucky Tar Sands Project 	 Texas Gas Development 

North Kinsella Heavy Oil	 Petro-Canada 

(Also see the March 1985 issue, Page 2-77)

March 1985; page 3-42 

June 1985; page 3-51 

June 1985; page 3-52 

June 1985; page 3-58 
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STATUS OF OIL SANDS PROJECTS 
INDEX OF COMPANY INTEREST 

Company or Organization	 Project Name
	 Page 

3-71 
3-80 
3-72 

3-72 

3-80 

3-68 
3-16 
3-78 

3-80 

3-73 
3-73 
3-76 
3-77 
3-78 
3-18 
3-80 
3-80 
3-81 

3-73 

3-71 
3-78 
3-72 

3-68 

3-74 

Alberta Energy Company lpiátik Lake Project 
Suffield Heavy Oil Pilot 
Syncrude Canada Ltd. 

Alberta Oil Sands Equity Syncrude Canada Ltd. 

Alias Oil Corporation Santa Fe Tar Sand Triangle Project 

Amoco Canada Ltd. Elk Point Project 
GLISP Project 
Peace River In Situ.Pilot Project 

Amoco Production Company Sunnyside Project 

Alberta Oil Sands Technology ABS Cold Lake Pilot 
and Research Authority (AOSTRA) Athabasca in Situ Pilot Plant 

GLISP Project 
Marguerite Lake Phase A Project 
Marguerite Lake "B" Unit Experimental Test 
Peace River In Situ Pilot Project 
Suffield Heavy Oil Pilot 
Taciuk Process Pilot 
Underground Test Facility Project 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 

BP Resources Canada Ltd. Marguerite Lake Phase A Pilot Plant 
Marguerite Lake "B" Unit Experimental Test 
Wolf Lake Project 

California Tar Sands Development Corp. California Tar Sands Development Project 

Canada Centre for Mineral & Energy CAN MET Hydrocracking Process 
Technology 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-15 
3-78 

3-72 

3-75 

3-80 

3-74 
3-78 

3-73 
3-78 

3-68 

3-74 

3-73 

3-80 

3-69 
3-77 

Canadian Occidental Petroleum, Ltd. 

Canadian Reserve Oil & Gas Ltd. 

Canadian Superior Oil Ltd. 

Canadian Worldwide Energy Ltd. 

Canterra Energy Ltd. 

CUE ME CII 

Chevron Canada Resources Ltd. 

Cold Lake Heavy Oil Ltd. 

Conoco Inc. 

Dome Petroleum Canada Ltd.

PCEJ Project 

Syncrude Canada Ltd. 

Eyehill in Situ Steam Project 

Sandalta 

Charlotte Lake Project 
Muriel Lake Project 

Athabasca In Situ Pilot Project 
Meota Steam. Drive Project 

CHEMECH Project 

Beaver Crossing Thermal Recovery Pilot 

ABC Cold Lake Pilot 

Conoco South Texas Tar Sands Project 

Lindbergh Commercial Project 
Lindbergh Thermal Project 
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Marguerite Lake Phase A p roject 3-77 
Morgan Combination Thermal Drive Project 3-78 
Primrose Lake Project 3-71 
South Kinsella (Kinsella B) 3-80 
Suffield Heavy Oil Pilot 3-80 

Douglas, Ward Kenoco Project 3-77 

Enercor Cedar Camp Tar Sand Project 3-74 
P R Springs Project 3-79 

Enpex Corporation Enpex Syntaro Project 3-75 

Esso Resources Canada Ltd. Cold Lake Pilot Project 3-75 
Cold Lake Projects 3-68 
PCEJ Project 3-78 
Syncrude Canada Ltd. 3-72 

Getty Oil Company Enpex Syntaro Project 3-75 

Great National Corporation Sunnyside Project 3-72 

Greenwich Oil Corporation Forest Hill Project 3-69 

Gulf Canada Resources Ltd. Pelican-Wabasca Project 3-78 
Sandalta 3-80 
Syncrude Canada Ltd. 3-72 

Home Oil Company Sandalta 3-80 

Husky Oil, Ltd. Lloydmlnster Regional TJpgrader 3-70 
Tucker Lake Pilot Project 3-81 

International Hydrocarbons Inc. International Hydrocarbon Tar Sands Project 3-76 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-79 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-78 

Kenoco Corporation Kenoco Project 3-77 

King Solomon Resources Ltd. King Solomon Downhole Steam Generator Project 3-77 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-75 
Tar Sand Triangle 3-80 

KSA Resources Kenoco Project 3-77 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-74 
Celtic Heavy Oil Wet Combustion 3-74 
Cold Lake Steam Stimultation Program 3-75 
Fosterton N.W. In Situ Wet Combustion 3-76 

Mono Power Cedar Camp Tar Sand Project 3-74 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-75 
Lindbergh Steam Project 3-77 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-78
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Nova, An Alberta Corporation Canstar 3-68 

Ontario Energy Resources Ltd. Suncor, Inc.	 . 3-71 

PanCanadian Petroleum Marguerite Lake Phase A Pilot Plant 3-77 
South Kinsella (Kinsella B) 3-80 
Syncrude Canada Ltd. 3-72 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-74 

Petro-Canada CAN MET Hydrocracking Process 3-74 
Canstar	 .	 . 3-68 
Daphne Project 3-68 
GLISP Project 3-76 

:lplatik Lake Project 377 
Marguerite Lake "B" Unit Experimental Test 3-78 
PCEJ Project 3-78 
Primrose-Kirby Project 379 
South Kinsella (Kinsella B) 3-80 
Syncrude Canada Ltd. 3-72 
Wolf Lake Project 3-72 

Porta-Plants, Inc. Porte-Plants Project 3-71 

Research Association for RAPAD Bitumen Upgrading Project 3-79 
Petroleum Alternatives - 

RTh Oil Sands Alberta, Ltd. RTR Pilot Project 3-80 

Santa Fe Energy Company Santa Fe Tar Sand Project 3-80 
"200" Sand Steamflood Project 3-82 

Saskatchewan Oil and Gas Corporation Meota Steam Drive Project 3-78 

Shell Canada Resources, Ltd. Peace River Commercial Expansion 3-70 
Peace River In Situ Pilot Project 3-78 
Scotford Synthetic Crude Refinery 3-71 

Shell Explorer, Ltd. Peace River In Situ Pilot Project 3-78 

Sohio Shale Oil Company Asphalt Ridge Tar Sands Pilot Plant 3-73 

Solv-Ex Corporation Santa Rosa Oil Sands Project 3-71 
PR Springs Project 3-79 

Southworth, Ray M. Enpex Syntaro Project 3-75 

Standard Oil of Indiana (Amoco) Sunnyside Project 3-80 

Suncor, Inc. Fort Kent Thermal Project 3-75 
Suncor 3-71 

Sun Oil Company Suncor, Inc. 3-71 

Superior Oil Company Enpex Syntaro Project 3-75 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-73 

Texaco Canada Resources Ltd. Texaco Athabasca Pilot 3-81
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Texaco Inc. 

Texas Tar Sands, Ltd. 

Total Petroleum Canada, Ltd. 

Triad Engineering Services Ltd. 

Underwood McLellan & Associates 
(IJMA Group) 

Union Oil of Canada, Ltd. 

Union of Soviet Socialist Republics 

U.S. Department of Energy 

Westcoast Petroleum, Ltd. 

Western Tar Sands, Inc. 

Whittier, N. H. 

Worldwide Energy

Diatomaceous Earth Project 
Enpex Syntaro Project 

Enpex Syntaro Project 

Meota Steam Drive Project 

PR Spring Project 

Taciuk Processor Pilot 

Grosmont Thermal Recovery Project 

Yarega Mine-Assisted Projeót 

"200" sand Steamflood Project 
Tar Sand Research Program 

Suffield Heavy Oil Pilot 

Ultra Sonic Wave Extraction 

Expex Syntaro Project 

Fort Kent Thermal Project

3-68 
3-75 

3-75 

3-78 

3-79 

3-80 

3-76 

3-82 

3-82 
3-80 

3-80 

3-81 

3-75 

3-75 
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PROJECT ACTIVITIES

TABLE 1 

DOE REJECTS ASSISTANCE PLAN FOR GREAT 	
KEY TERMS AND CONDITIONS FOR THE PLAINS, SPONSORS ABANDON PROJECT	

PROPOSED GREAT PLAINS PRICE GUARANTEE 

On July 30, 1985 the United States Department of 
Energy (DOE) announced that it would not support a 
proposed financial assistance plan that had been nego-
tiated between the sponsors of the Great Plains coal 
gasification project and the United States Synthetic 
Fuels Corporation (SFC). The five sponsor companies, 
the Great Plains Gasification Associates (GPGA), re-
sponded to the DOE decision by abandoning the project, 
and by defaulting on a loan guaranteed by DOE. The 
loan guarantee was for up to $2.02 billion, but at the 
time GPGA defaulted the actual loan balance was 
approximately $1.5 billion. By defaulting on the loan, 
the sponsors must repay previous tax benefits that they 
realized from the project. (See page 4-1 of both the 
September 1981 and the March 1982 issues of the Pace 
(Cameron) Synthetic Fuels report for details of the loan 
guarantee.) 

Secretary of Energy Herrington explained that he had 
come to the "reluctant conclusion" that the proposed 
SFC plan would not assure long-term operation of the 
project at a reasonable cost. Factors considered by 
DOE in reaching its conclusion include the following: 

• Under moderate price projections, the marginal 
cost of operating the plant exceeds the pro-
jected contract revenues by $75 million through 
1987, and over $300 million through 1992. 

• These projections assume oil prices never fall 
below their present levels, begin to rise in 1987, 
and reach over $160 per barrel by 2009. DOE 
believes that there is no certainty that prices 
will remain even this favorable to the project. 

• The nominal cost to the United States federal 
government of an abandonment in August 1987, 
when GPGA may well be able to terminate, is 
nearly $200 million greater than abandonment 
today. The direct budget cost is about 
$120 million. 

• The federal government bears all the risk of 
lower market prices until the SFC's $720 mil-
lion is exhausted. 

• All of the above figures reflect the current 
contract, which requires consumers to pay 
about $5.50 per million BTU for the Great 
Plains gas, when the market price for alterna-
tive supplies is $2.50 to $3.00 per million BTU. 
Consumers would thus be paying up to $100 mil-
lion per year above market prices for Great 
Plains gas. 

The decision by DOE came on the eve of a meeting of 
the SFC Board of Directors to consider the financial 
assistance plan for Great Plains. At a previous meeting 
on July 16, the SFC Board voted to approve an agree-
ment in principle for a $720 million price guarantee 
award to the project. Key terms of the proposed 
agreement are summarized in Table 1. Under the

• On or about August 1, 1985 GPGA was to default on 
a payment due to FF9 under the terms of the 
existing DOE-guaranteed loan. DOE was to use Its 
$673 million default reserve fund to prepay $673 
million of the approximately $1.5 billion outstanding 
Indebtedness. 

• DOE was to take from GPGA a $673 million income 
bond maturing on June 30, 2009. Interest due on the 
bond was to be set at a rate of 15.25 percent; 
however, such interest would only be payable if 
certain minimum periodic financial performance 
criteria were met. Prepayment of principal without 
penalty was to be permitted at any time. 

• The remaining indebtedness of approximately $850 
million was to be re-scheduled so that no significant 
burden for mandatory principal payments was incur-
red earlier than 1996 and flexible prepayment terms 
were available. Interest payments on the balance 
outstanding at any time were to be due and payable 
semi-annually. 

• SFC price guarantees of up to $720 million were to 
be available from the date of closing of the debt 
restructuring. The guarantee price was to be $6.75 
per million BTU (March 1984 dollars) through Dec-
ember 31, 1988 and $5.00 per million BTU (March 
1984 dollars) thereafter. A maximum of $40 million 
(March 1984 dollars) in price guarantee payments 
would have been made in any quarter. 

• Market Price was to be defined as the price re-
ceived by GPGA under the Gas Purchase Agree-
ments. If all 5MG could not be sold under the 
Agreements or at the specified price as a result of 
the termination, amendment or modification of 
flRC Order No. 119 (or any rulemaking or other 
action by the FERC having a substantially equiva-
lent effect), the Market Price was to be the actual 
sales price of SMG. 

• The Price Guarantee Period was to commence on 
August 1, 1985 subject to simultaneous closing of 
the DOE loan restructuring and was to terminate 
after ten years. 

• Permitted termination by GPGA was to be arranged
in a series of steps with quantitative "triggers": 

Cumulative After Tax 
Cash Flow (CATCF) 

Termination Between	 Projected For 

Closing and 12/31/88	 based on	 12/31/89 
1/1/89 and 12/31/91	 based on	 12131/92 
1/1192 and 12/31/94 	 based on	 12/31/95 

In addition, GPGA and SFC each were to have the 
right to terminate at August 1, 1986 and August 1, 
1987 in the event of an adverse FERC rulemaking. 
The termination rights at August 1, 1986 were to be 
based on either the actual financial effect of the 
rulemaking result or the prospect of a material 
adverse effect The termination rights at August 1, 
1987 were to be based only on the actual financial 
effect 

-
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proposed agreement, the Great Plains project was ex-
pected to operate for at least ten years, thus providing 
significant additions to the United States' 
synthetic fuels data base. The SFC would have pro-
vided up to $720 million in price guarantee assistance 
with the guaranteed price set at $6.75 per million BTU 
through December 31, 1988 and $5.00 per million BTU 
thereafter. Between closing of the price guarantee 
agreement and August 1, 1987, 80 percent of the pro-
ject's after tax cash flow was to be used to prepay the 
Federal Financing Bank debt. Between August 1, and 
December 31, 1987, 100 percent of the after tax cash 
flow generated during that period, plus $190 million in 
additional equity, and the cash flow not contributed 
earlier, was to be used for debt prepayment. 

In responding to the DOE decision Chairman of the 
SFC, Edward Noble, provided the following comments: 

"I deeply regret the decision taken today. Frankly, 
I have never assumed Great Plains gas would be 
'economic' in market terms. That was always the 
fallacy. What I have come to understand is the 
strategic advantage provided by a proven synthetic 
fuels capability. I do not support Great Plains for 
the z! it produces, but rather for the knowledge 
and liñg term energy security it could begin to 
provide for the country through use of our large 
lignite and potentially other coal resources. 

Great Plains has enormous lessons to teach us in 
terms of its technical performance, environmental 
acceptability, and improving economics. In addi-
tion, Great Plains would train operations and man-
agement personnel, encourage development of an 
industrial and regional infrastructure, and allow an 
opportunity to test new feedstocks and new process 
streams and equipment which would provide strate-
gic advantage and promote technological growth in 
the country." 

The fate of the Great Plains project is presently 
uncertain. On August 15 Secretary Herrington decided 
to allow the project to continue to operate for at least 
"several weeks." If the plant can be operated at no 
additional cost, it will be allowed to operate past that 
period. Key issues that must be resolved include: (1) a 
waiver of North Dakota's coal conversion tax; (2) exten-
sion of state environmental restriction waivers; (3) 
cancellation of planned capital improvements; and (4) 
continued purchase of the SNG at prices approved by 
the Federal Energy Regulatory Commission (FERC). 

Of these four key issues, the purchase of SNG at the 
FERC-approved prices may be the most difficult to 
resolve. MidCon, one of the pipeline companies that 
had agreed to purchase the SNG, filed a lawsuit in an 
attempt to stop further purchases. The timing and 
outcome of the lawsuit will likely take many months to 
determine. 

Additionally, the actual ownership of the plant has not 
yet been finalized. Although GPGA has abandoned the 
project, transfer of Great Plains title to DOE will 
require formal foreclosure proceedings. These actions 
have been initiated by DOE.

Several organizations have expressed interest in operat-
ing Great Plains for DOE. If the plant is operated in 
the future, it will be a debt-free facility, and will, 
therefore, only have to meet operating costs to be 
"economical." 

SFC EVALUATING FOURTEEN COAL-BASED 
PROJECTS 

The period from July through August 1985 saw many 
significant changes occur in the status of coal, lignite, 
and peat synfuels projects that had applied to the 
United States Synthetic Fuels Corporation (SFC) for 
financial assistance. During the period, five projects 
were dropped from further consideration, and ten pro-
jects applied for assistance under a new solicitation. 
Hence, as of the end of August, fourteen coal-based 
projects are now active with the SFC. These projects 
and their status are listed in Table 1. 

TABLE I 

STATUS OF ACTIVE COAL/LIGNITE/PEAT PROJECTS THAT 
APPLIED TO THE SPC FOR ASSISTANCE 

Project Solicitation Status 

Cool Water Second General Awarded $120 Million Price 
Guarantee 

Dow Syngas Third General Awarded $620 Million Price 
Guarantee 

Northern Peat Third General Letter of Intent Signed 
Keystone Fourth General and Qualified Project and 

Competitive Eastern Proposal Submitted 
Gasification 

Utah Methanol Fourth General Qualified Project 
coGA-I Competitive Eastern Proposal submitted 

Gasification 
Davis synthine Competitive Eastern Proposal Submitted 

Gasification 
Calderon/Bowling Competitive Eastern Proposal Submitted 

Green Gasification 
Ohio-i Competitive Eastern Proposal Submitted 

Gasification 
Scrubgraas Competitive Eastern Proposal Submitted 

Gasification 
Air Products Competitive Eastern Proposal submitted 

Gasification 
Virginia Power Competitive Eastern Proposal Submitted 

Gasification 
li-B International Competitive Eastern Proposal Submitted 

Gasification 
Process Energy Competitive Eastern Proposal submitted 

Gasification

The most noteworthy event during the third quarter 
1985 was the United States Department of Energy's 
(DOE'S) decision that it would not support an assistance 
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plan proposed by the SFC for the Great Plains project. 
As a result of the decision, the sponsors withdrew from 
the project and defaulted on the DOE-guaranteed loan. 
Therefore, the Great Plains project is no longer under 
active consideration by the SFC. Details of the current 
status of the project are explained in this issue in the 
article entitled 'DOE Rejects Assistance Plan for Great 
Plains, Sponsors Abandon Project." 

In other actions, the SFC Board of Directors decided on 
July 16 to cancel the utility category of the solicitation 
for coal-water fuel projects. As a result of the 
decision, four projects (Hillsborough Bay, Port Sutton, 
Mobile-Utility, and Savannah-Utility) were dropped 
from consideration. These were the four remaining 
projects out of eleven that originally responded to the 
SFC's solicitation for coal-water fuel projects. As 
described in the articles beginning on pages 4-1 and 4-9 
of the March 1985 PaceSynthetic Fuels Report, the 
SFC Board had previously cancelled the industrial por-
tion of the solicitation, dropped one project that 
intended to produce coal-water fuel for a utility, and 
had deferred any decisions regarding the remaining four 
utility projects. With the latest Board decision, the 
solicitation has now ended without making awards to 
any projects. 

On a more positive note, the SFC received proposals for 
ten projects in response to the solicitation for eastern 
bituminous coal gasification projects. One project, 
Keystone, is also under consideration in the SFC's 
Fourth General solicitation. The other nine projects 
are "new" additions to the SFC's slate of coal-based 
projects. (However, several of these new additions 
have submitted proposals under previous SFC solicita-
tions.) These nine projects include the following: 
COGA-1, Davis Synthine, Calderon/Bowling Green, 
Ohio-I, Scrubgrass, Air Products, Virginia Power, H-R 
International, and Process Energy. The article entitled 
"Ten Projects Submitted in Response to SEC Coal 
Gasification Solicitation" in this issue briefly explains 
each of the projects. Separate articles in this issue 
provide additional details regarding five of the proposed 
projects. 

Other coal-based projects with which the SFC is in-
volved include Cool Water, Dow Syngas, Northern Peat, 
and Utah Methanol. 

The status of all 25 projects (oil shale, oil sands/heavy 
oil, and coal/lignite/peat) that are presently under 
consideration by the SFC are depicted in Figure 1 in a 
separate article in this issue. Refer to the article in 
the General section entitled "Thirteen New Projects 
Apply for SFC Assistance and Five Projects Dropped." 
Figure 2 in the same article shows the status of all 
projects, either active or dropped, that have applied to 
the SFC for financial assistance. 

H-R INTERNATIONAL PROPOSE SYNGAS 
PRODUCTION PROJECT TO THE SFC 

H-R International, Inc., a wholly-owned subsidiary of 
Swiss Aluminum Ltd., and The Slagging Gasification

Consortium (consisting of Babcock Woodall-Duckham 
Ltd., British Gas Corporation, and The BOC Group plc.), 
have proposed a project to the United States Synthetic 
Fuels Corporation (SFC). The preliminary qualification 
statement describing the project was submitted in re-
sponse to the SFC's Solicitation for Eastern Province 
and Eastern Region of the Interior Province Bituminous 
Coal Gasification Projects. The following description 
of the project is a summary of the information provided 
in the preliminary qualification statement. 

The proposed project would utilize the British 
Gas/Lurgi slagging coal gasification process. The plant, 
to be located at an unspecified site in West Virginia, 
will produce the following energy streams: 

• Hydrogen - 10 million standard cubic feet per 
day 

• Carbon Monoxide - 7 million standard cubic 
feet per day 

• Electricity - 80 megawatts 

• Steam - 300,000 pounds per hour. 

These net saleable products from the plants will be 
approximately 3,000 barrels crude oil equivalent (COE) 
per day. The intended market for the products Is 
existing companies new the plant area. Synthesis gas 
that is sold to derivative synthesis operations will be 
priced at the energy content per unit of hydrogen, 
discounted to the pricing of the energy content of 
natural gas. Product gas and steam that are sold for 
electricity generation will be priced back from the 
product electricity valued at the energy cost of the 
least-cast (base load) kilowatts produced in the local 
utility service area. 

The sponsors anticipate that design and construction of 
the plant will take approximately 3 years from the date 
a contract is signed with the SFC. An order-of-
magnitude project cost estimate Is $200 million on 
"overnight" or "instant plant" basis (before Interest and 
escalation during the project execution). This estimate 
is within plus/minus 40 percent, and is developed from 
prior work by sponsor parties. 

The project will now compete for SFC assistance with 
four other projects (Calderon/Bowling Green, Air Pro-
ducts, Virginia Power, and Process Energy) that submit-
ted fixed bed gasification projects under the solicita-
tion. A qualification proposal must be submitted by 
November 15, 1985. H-R International requested that a 
detailed project proposal not be required until April 1, 
1987.

#4*# 

PROJECT PROPOSED TO SFC WOULD USE 
CALDERON FIXED-BED SLAGGING 
TECHNOLOGY 

In response to the United States Synthetic Fuels Cor-
poration's (SFC's) Solicitation for Eastern Province or 
Eastern Region of the Interior Province Bituminous 
Coal Gasification Projects, Calderon Energy Company 
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has proposed a project to be located in Bowling Green, 
Ohio. Specifications for the proposed project are 
summarized in Table 1.

TABLE I 

SPECIFICATIONS FOR THE
CALDERON/BOWLING GREEN PROJECT 

Conversion Technology 

Calderon Pressurized Fixed-Bed 
Slagging Gasification 

Plant Capacities 

S Design Capacity 
Coal Feedrate (Tons/Day) 1,200 
Total Number of Gasifiers 2 
Number of Gasifiers Operating 
Coal Per Gasifier (Tons/Day) 600 
Synthetic Low-BTU Gas Per Gasifier 500 

(Million BTU/Hour)

S Production Capacity 
Coal as Delivered (Tons/Day)	 529.9 
Synthetic Low-BTU Gas (Million 	 449.4

(BTU/Hour) 
Electric Power (Megawatts) 	 48 
Cogeneration of Low Pressure Steam	 70,000

For Heating (Pounds Per Hour) 

Feedstock 

Ohio High-Sulfur (3.3% Sulfur) Bituminous Coal 

Saleable Product 

Electricity, Steam, Elemental Sulfur 

Project Cost (+/-20%) (Millions)	 59.34 

Calderon Energy Company, a newly formed Ohio cor-
poration with a license from Calderon Automation, Inc., 
plans to build and operate an integrated gasification 
combined-cycle commercial facility using the Calderon 
Process. This proprietary process gasifies run-of-mine 
bituminous caking coal in a fixed-bed slagging mode. 

The proposed project would generate an average of 
48.0 megawatts of electric power and 70,000 pounds per 
hour steam in the summer, and an average of 
42.3 megawatts of electric power and 156,000 pounds 
per hour of steam in the winter. Electric power would 
be sold to the City of Bowling Green on a take-or-pay 
contract. Of the steam produced, 50,000 pounds per 
hour would be used for gasification, and the balance 
sold to Bowling Green State University for heating 
buildings on the campus, based on a summer and winter 
steam requirement of 20,000 and 106,000 pounds per 
hour, respectively. Annual operating costs are esti-
mated in Table 2.

TABLE 2 

CALDERON/BOWLING GREEN PROJECT 
ENERGY AND ECONOMIC SUMMARY 

OF THE TURBINE SYSTEM 

Energy Inputs/Outputs 

Fuel (Thousand BTU/Hour lillY) 	 449.4 
Net Power (MW) 

Summer 48.0 
Winter 42.3 

Process Steam (1,000 Pounds/Hour) 
Summer 20.0 
Winter 106.0 

Annual Operating Costs (Thousand Dollars) 
Fuel	 $2.81/Thousand BTU 10,103 
Electric Power: 

0 4.70/KWH (8,460) 
o 3.0*/KWH (5,436) 

Sold Steam C $5.85/Thousand Pounds (2,948) 
Maintenance c	 3% 775 
Operating Labor 400 

Total (5,566) 

Basis:	 8,000 hours per year (4,000 hours 
summer; 4,000 hours winter)

The Board of Utilities and the Council of the City of 
Bowling Green have agreed to enter Into a binding 
contract with Calderon Energy for the purchase of 
power from the project on a take-or-pay basis, for the 
entire consumption needs of the city which averages 
22.5 megawatts on a yearly basis. Based on this take-
or-pay contract, Calderon Energy is continuing negotia-
tions with General Electric Credit Corporation to pro-
vide a construction loan for the facility. The construe-
tion loan would be converted to a fifteen year lease 
once the construction of the facility Is completed, with 
General Electric Corporation being the owner of the 
facility. The facility would be operated under a separ-
ate service contract by a division of General Electric 
Company. 

Discussions have also begun with Bowling Green State 
University to take 50,000 pounds per hour of low pres-
sure steam on a yearly average. Because the Univer-
sity's coal-fired steam plant is old (38 years) and is a 
source of pollution, the sponsor expects that a take-or-
pay contract for steam will be concluded with the 
University. 

Preliminary negotiations with Ohio coal suppliers indi-
cate that high sulfur (3.3 percent sulfur) coal could be 
delivered to Bowling Green at $23.00 per ton plus an 
escalation clause based on the Consumers' Price index. 
Bechtel has expressed interest in bidding for the Archi-
tectural and Engineering work on this project. 

The agreement with the City of Bowling Green sped-
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fics that a firm project budget will be completed no 
later than June 1, 1986; financing will be completed by 
December 1, 1986; and construction and equipment 
contracts will be let no later than April 1, 1987. The 
plant is to be in commercial operation by June 1, 1990. 

The Calderon/Bowling Green project is one of five 
fixed-bed slagging gasification projects that applied for 
financial assistance under the SFC's eastern bituminous 
coal gasification solicitation. As such, it must compete 
with the other four projects (Air Products, H-R Inter-
national, Virginia Power, and Process Energy) for an 
award. Calderon has requested the following SEC loan 
guarantees: 

• A loan guarantee for 75 percent of total project 
cost 

• A security interest for General Electric in 
25 percent of total project assets, in the event 
of non-performance of the gasification phase of 
the plant; these assets to be comprised of 
salvageable General Electric power generation 
equipment. 

Additionally, Calderon has requested a price guarantee 
of $0.0045 per KWH (the difference between Calderon's 
average production cost of $0.047 per KWH and Bowling 
Green's average cost of $0.0425 per KWH for purchased 
power for a utility). Calderon also requested price 
guarantees for any reimbursements that are made to 
Bowling Green for back-up power that must be pur-
chased when the plant is not operating. 

SCRUBGRASS SUBMITS ENTRAINED-FLOW 
PROJECT TO THE SEC 

Scrubgrass Associates (SGA) plans to build a 2,890 bar-
rels 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 solicita-
tion for Eastern Province or Eastern Region of the 
Interior Province Bituminous Coal Gasification Pro-
jects. A Preliminary Qualification Statement was sub-
mitted for inclusion in the third category of the Solicia-
tion—projects using an entrained-flow gasification 
technology that employs dry coal feed. 

The site of the proposed project is in Scrubgrass Town-
ship, Venango County, Pennsylvania in a sparsely set-
tied region. The 484-acre site is within five miles of 
Interstate 80, affording ready access for coal delivery 
and product shipment. The plant site is secured by a 
contract to purchase. 

The coal feedstock for the Scrubgrass Project will be 
mined within a 35 mile radius of the plant site, and will 
be run-of-mine or blended to meet the required specifi-
cations. While some of the run-of-mine coal will meet 
the required specifications, beneficatlon may be re-
quired for some coals to meet acceptable ash charact-
eristics of the coal.

The Scrubgrass Project will convert high sulfur coal to 
high octane unleaded gasoline and LPG. The technology 
consists of three basic processes: high pressure GKT 
entrained-flow coal gasification, IC! methanol synthe-
sis, and the Mobil methanol-to-gasoline (MTG) process. 

Feed coal is first crushed to a fine powder in the coal 
preparation section, then fed to the high pressure GKT 
gasifiers. The raw gas from the gasifiers is first water 
washed to remove any fly ash, and is then fed to a 
Rectisol unit to remove sulfur components from the 
gas. Excess carbon dioxide Is also removed in the 
Rectisol unit. The sulfur is recovered as a marketable 
product in a Claus unit. 

A portion of the clean, desulfurized gas is shifted with 
steam to produce the required synthesis gas composi-
tion (hydrogen to carbon monoxide ratio) for methanol 
synthesis. Crude methanol from the IC; methanol 
process is converted to gasoline and LPG in the Mobil 
MTG process. Hydrotreating of the heavy gasoline 
fraction is required to reduce its durene content. 

All rain water runoff, process water, and sanitary waste 
will be impounded and treated on-site. The clean 
recovered water will enter the makeup water facility, 
with necessary additional makeup water coming from 
the Allegheny River aquifer. 

The Serubgrass facility will produce the following pro-
ducts:

Gasoline (BPSD)	 2,372 
C3/C4 (BPSD)	 518 
Sulfur (Tons Per Day)	 40 

Slag also will be produced as Inert frits suitable for 
road building or as anti-skid material. 

The sponsors estimate that the Scrubgrass Project will 
provide more than 2.5 million manhours of labor during 
the construction period, and 200 permanent jobs during 
on-going operations. indirect employment benefits will 
include more than 200 mining jobs. 

Scrubgrass is one of two projects submitted to the SPC 
in the entrained-flow category of the solicitation. 
Hence, it will compete with the other entrained-flow 
gasification project, Davis Synthine, for SEC assist-
ance. The project must pass a detailed evaluation by 
the SEC, and the sponsors must negotiate an acceptable 
agreement before the SEC will make an award. The 
next deadline specified in the solicitation requires that 
the sponsors submit a more detailed Qualification Pro-
posal by September 9, 1985. 

If SEC financial assistance is awarded to the project, 
the sponsors estimate that construction could start in 
May/June 1986. Operation could commence In the first 
half of 1989. 

-

- 

- 
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FUEL GAS/METHYL FUEL PROJECT PROPOSED TO 
SPC BY AIR PRODUCTS 

Air Products Sc Chemicals, Inc. (APCI) submitted a 
Preliminary Qualification Statement in response to the 
United States Synthetic Fuels Corporation's (SFC's) 
Solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Pro-
jects. APCPs proposed facility will utilize the British 
Gas/Lurgi fixed-bed slagging gasification process to 
produce a clean, medium-BTU industrial fuel gas and a 
methyl fuel (mixed alcohol) product suitable for blend-
ing with gasoline. Raw naphtha and elemental sulfur 
will also be produced as by-products. 

The proposed facility will gasify 750 tons per day of 
high-sulfur bituminous coal. The site for the project is 
adjacent to the Tennessee Valley Authority's 990 mega-
watt Thomas H. Allen Steam Plant new Memphis, 
Tennessee. 

Under the terms of the SFC's solicitation, the project 
will compete with four other projects (Calderon/Bowl-
ing Green, H-R International, Virginia Power, and Pro-
cess Energy) that also propose to use fixed-bed slagging 
gasifiers. The Public Summary of the project does not 
specify the type of assistance that Is being requested 
from the SEC. 

OHIO-1 PROJECT PROPOSED TO SFC FOR METHYL 
FUEL AND AMMONIA PRODUCTION 

Energy Adaptors Corporation, Hoechst-Uhde Corpora-
tion, and Wentworth Brothers Incorporated have pro-
posed a project to produce energy-grade methanol 
(METHYL FUEL) and anhydrous ammonia. The project 
is to be constructed on a site in Lawrence County in 
southern Ohio (Figure 1). This plant will use high grade 
sulfur coal from existing mines in the area. The project 
was submitted to the United States Synthetic Fuels 
Corporation for consideration under its Solicitation for 
Eastern Province and Eastern Region of the Interior 
Province Bituminous Coal Gasification Projects. 

The project will consist of one production module with 
a capacity of 500 tons of coal to produce 150,000 gal-
lons of METHYL FUEL and 500 tons per day of anhy-
drous ammonia. This amount of methyl fuel has a 
heating value equivalent to 1,790 barrels per day of 
distillate. Based on an average sulfur content of 
4 percent, the quantity of by-product will be 30 to 
35 tons of high purity elemental sulfur. Water con-
sumption by this process will be 1.4 million gallons per 
day. 

Energy Adaptors Corporation owns the deeded rights to 
coal reserves in approximately 13,600 acres in Law-
rence County, Ohio. These reserves are sufficient to 
provide the required coal for the project. 

All detailed engineering for coal handling will be per-
formed by Faster Wheeler Energy Corporation, includ-
ing storage, coal preparation, cooling water, water

treatment, start-up, steam generation, power genera-
tion, utility power Inter-connection, process unit inter-
connection and construction, and construction and 
start-up assistance. 

The proposed project will utilize a High Temperature 
Winkler (HTW) fluidized bed gasifier to produce raw 
synthesis gas. In the HTW process, the dry coal feed, 
previously reduced to the proper particle size range, is 
injected through a lock hopper and screw conveyor into 
the gasifier vessel which operates at more than 10 bars. 
In the gasifier the coal is fluidized with oxygen and 
steam and Is converted at high temperatures to raw 
synthesis gas. Fluidizing agents are also introduced 
above the fluidized bed to Improve gas quality and 
increase the conversion rate. 

The gasifier is operated at a temperature below the ash 
melting point of the coal. Ash is withdrawn through a 
lock hopper and screw conveyor system at the bottom 
of the gasifier. 

The gas is cleaned by use of 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. 

Hoechst-Uhde Corporation will provide the detailed 
engineering for the synthesis gas generating section of 
the plant. This section includes the HTW gasifier, 
particulate removal from the raw synthesis gas, and the 
associated heat recovery equipment. Uhde GmbH, a 
subsidiary of Hoescht A.G., has cooperated since 1975 
with Rheinische Braunkuhlenwerke A.G. on develop-
ment of the High Temperature Winkler process. 
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The raw gas, cleaned of particulate matter, is next 
processed in the synthesis section. The gas undergoes a 
water-gas shift reaction to increase the amount of 
hydrogen. The shifted gas then enters a Rectisol 
system which produces several streams: sulfur-free 
carbon dioxide, a by-product stream with a high con-
centration of hydrogen sulfide and some carbon dioxide, 
and high purity hydrogen (or hydrogen and carbon 
monoxide) that will be used for producing anhydrous 
ammonia and METHYL FUEL. The carbon dioxide is 
discharged to the atmosphere. The hydrogen sulfide 
stream is treated in a Claus unit which converts the 
hydrogen sulfide to pure sulfur. A tail gas recovery 
system removes the last traces of sulfur and sulfur 
oxides, releasing about 7 parts per million (by volume) 
sulfur oxides to the atmosphere. The pure sulfur is a 
saleable by-product. 

The process package, detail engineering, and construc-
tion of the gas purification section (Rectisol) is to be 
subcontracted to the Lotepro Corporation. The process 
package for the oxygen plant will also be furnished, 
licensed, and constructed by Lotepro. The process 
package for the sulfur removal and tail gas clean-up 
sections of the plant will be furnished, licensed, and 
constructed by The Ralph M. Parsons Company. 

In the methanol fuel section of the plant, the ratio of 
hydrogen and carbon monoxide is first adjusted as 
needed. The gases are then catalytically reacted to 
produce METHYL FUEL (a mixture of methanol, higher 
alcohols, and a small quantity of water) and anhydrous 
ammonia. METHYL FUEL can be used for blending 
with gasoline and diesel fuel, as a replacement for 
distillate fuel in gas turbines, or as a boiler fuel. With 
a relatively small additional capital investment for 
distillation equipment, high purity chemical grade 
methanol can be produced. Adjustments can also be 
made in catalysts and operating conditions to produce a 
fuel containing a higher percentage of higher alcohols 
and, concurrently, a higher percentage of water which 
must be removed by distillation or other means. 

The process package and the detailed engineering for 
the METHYL FUEL and ammonia synthesis sections will 
be furnished and licensed by Wentworth Brothers Incor-
porated. The company has develoed the METHYL 
FUEL technology, and controls the proprietary rights to 
the process. 

Construction will start in late 1986 or early 1987, with 
the peak construction effort occurring in 1988. it is 
expected that the peak construction force will exceed 
1,000. Completion of the project is expected to be late 
1988, with start-up scheduled for early 1989. 

Vendor prices for equipment, licensor prices for turnkey 
systems, and contractor proposals for materials and 
labor have contributed to production of plant cost 
estimates at a confidence level of plus or minus 15 per-
cent. It is expected that this plant will cost approxi-
mately $275 million. Loan guarantees and a "floor-
price" guarantee were requested from the SFC. 

The products and by-products of the plant will be fuel-
grade methanol (METHYL FUEL), anhydrous ammonia, 
carbon dioxide, sulfur, argon, and nitrogen. At the

present time, the major market for the METHYL FUEL 
is as an octane enhancement agent for gasoline, and 
later as an automotive fuel itself. The sponsors believe 
that a methanol plant located in Lawrence County, 
Ohio would currently enjoy a 7 cents per gallon freight 
advantage versus traditional Gulf Coast sources. 

Two other projects (COCA-i and Keystone) also plan to 
use fluidized-bed gasifiers in projects that were submit-
ted in response to the SFC's solicitation. The Ohio-I 
project will compete for SFC financial assistance with 
these other two projects. The sponsors of Ohio-I 
requested that the SFC set December 10, 1985 as the 
deadline for sponsors to submit detailed project pro-
posals. 

TONO 2 UCG FIELD TEST ORGANIZED 

The TONO 2 Test Program Is In progress under the joint 
sponsorship of the United States Department of Energy 
and an industrial consortium headed by the Gas Re-
search Institute. The program Is managed by Stearns 
Catalytic Corporation with participation by Energy 
International, Western Research Institute, and Law-
rence Livermore National Laboratory. The 100 day 
field test is scheduled for the fall of 1986 and will 
demonstrate the Controlled Retracting Injection Point 
(CRIP) process as well as other advancements in Under-
ground Coal Gasification technology. 

The TONG, 2 site is near the Washington Irrigation and 
Development Company (WIDCO) mine in Centralia, 
Washington. The test is a third phase toward the 
commercial development of UCG in flat-lying subbi-
tuminous coals. The first phase was a series of Large 
Block Tests performed to assess the potential of the 
coal seam for UCG extraction. The second phase was 
the Partial Seam CR11' Test designed to test the CHIP 
method of flame front control and to further evaluate 
the WIDCO coal seam. 

The TONO 2 Program will test the CHIP method more 
extensively, along with a direct comparison with the 
Extended Linked Well (ELW) design. The ELW is a 
modified linked vertical well design. Both approaches 
will employ directionally drilled linking such that the 
drilled link is the production well for both the CHIP and 
ELW modules. 

Industrial cost-sharing participants include: 

• Amoco Production Company 

• Washington Irrigation and Development Com-
pany (WIDCO) 

• Electric Power Research Institute (EPRI) 
• Weyerhaeuser Company. 

Stearns Catalytic Corporation Is the prime contractor 
and the program manager. Energy International (El) is 
a company founded by previous Gulf Research and 
Development Company employees who formed the 
Rawlins UCG team and have acquired rights to the 
UCG technology developed at Gulf Research and Devel-
opment Company. El will manage the operations during 
the test and will coordinate all technical activities. 
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Lawrence Livermore National Laboratory (LLNL) has 
been involved in the TONG program from its inception. 
They will provide technical support to the program and 
will have primary responsibilities for design of the 
GRIP experimental program. During the field test 
LLNL will be responsible for the Data Acquisition 
System. 

Western Research Institute (WRI) will have responsi-
bilities for site characterization and on-going geo-
technical functions during the program which includes 
the post-burn drilling program. In addition, WRI will 
participate in the test operations by providing personnel 
and expertise. 

Strategic Goals 

The technical feasibility of various UCG options such as 
GRIP and Linked Vertical Well have been adequately 
demonstrated in previous DOE funded programs. This 
program will attempt to move from technology devel-
opment toward commercialization. Additionally, as 
described in this issue in the article entitled "GEGS 
Seeks Additional Members for IJCG Testing," the 
French Consortium Groupe d'Etude de Is Gazeification 
Souterralne (GEGS) is attempting to acquire additional 
funding for a GRIP test in the central part of France. 

One of the major questions related to commer-
cialization of UCG is that of resource recovery. There 
are political, technical, and economic aspects of this 
issue. There are laws in many states that attempt to 
set a minimum recovery percentage on processes for 
extraction of fossil fuel resources. 

The Russian work describes attempts to achieve total 
recovery of the resource utilizing linked vertical wells 
and the strategies involving multiple injection wells 
(sweep), and reversing gas flow between process well 
pairs. As could be expected in any extraction process, 
the quality of the product was severely degraded when 
high resource recovery was emphasized. The resource 
recovery at TONO 2 will be limited to operating condi-
tions that produce a gas which meets defined values for 
product quality and process efficiency. 

The factors evaluated should include reactor growth 
patterns and incremental cost of recovery. Other goals 
of the program are directed toward the data necessary 
to design a prototype surface processing facility, and to 
develop plans to mitigate environmental impacts. 

A comprehensive site selection and characterization 
program will be performed by Western Research Insti-
tute during the summer of 1985. 

Test Program 

The TONO 2 Field Test will consist of two well 
configurations running simultaneously. The first mo-
dule will be a GRIP module using a slant injection well 
and a slant production well. The second module will be 
an Extended Linked Well (ELW) module using a series of 
vertical injection wells linked to a slant production 
well. Reactor life will be determined on each module

while studying operating parameters. When product gas 
quality declines to an unacceptable level, new reactors 
will be started using the next downstream vertical 
injection well in the ELW module and a GRIP maneuver 
in the GRIP module. 

The GRIP module, shown on the right in Figure 1, 
consists of a slant injection well and a slant production 
well. A vertical production well Is provided at the 
intersection of the two slant wells for dewatering of 
the wells and for start-up of the module. Several GRIP 
maneuvers will be performed during the test. 

The ELW module, shown on the left in Figure 1 consists 
of three injection wells and a slant production well. 

FIGuRE I 
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The module will operate initially with injection in 
VIW-l. The other injection wells will be brought on-
stream in sequence, as process and operating 
requirements are satisfied or as product quality 
declines to an unacceptable level. 

Project Schedule 

The project began in March, 1985 with the design and 
procurement activities. Site selection and charac-
terization was scheduled for June through July, 1985. 
Construction will be suspended during the fall and will 
resume in March, 1986. The slant well drilling will 
begin in mid-May, 1986. The vertical well drilling will 
follow in July. Operations are scheduled to begin in 
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October, 1986 and will last for 100 days. Data analysis 
and preparation of the final report will start In 
January 1987. Plant dismantling will be done after 
termination of operations in January, 1987. The post 
burn drilling will begin in May of 1987. 

#8*8 

BODFROP LIQUEFACTION PLANT INSTALLS 
LARGER REACTOR 

The 200 tons per day pilot plant at Bottrop, West 
Germany is the largest direct coal liquefaction plant 
currently operating in the world. Operated jointly by 
Ruhrkohle Gal und Gas and Veba Gel, the plant came 
onstream in 1981, and is scheduled to continue opera-
tion through the end of 1986. 

Early this year a larger-scale hydrogenation reactor 
(1.3 meters diameter versus 0.8 meter) was installed 
and started up In April. Early results indicate equiva-
lent oil yields can be obtained at about 20°C lower 
temperature (468°C). This temperature difference is 
beneficial to reactor design and operation. 

By making use of vacuum distillation of the bottoms, 
the Bottrop plant permits the production of asphalt free 
heavy oil, which is later recycled into the mixing 
process. The non-boiling asphalts remain within the 
bottoms product of the vacuum distillation which is 
then processed in a Texaco gasification plant for the 
production of hydrogen. 

Since the less active asphalts are not recycled into the 
hydrogenation process, the operating pressure can be 
reduced from 700 to 300 bar, the specific throughput In 
the reactors can be increased from 0.3 to 0.4/0.5 ton 
per cithlc meter per hour and a low-priced Iron catalyst 
can be used. By lowering the pressure and increasing 
the specific coal throughput, capital expenditure is 
considerably reduced. 

The results are said to be superior to those obtained in 
the American pilot plants in Baytown (EDS) and Cat-
lettsburg (H-coal). 

Figure 1 Is a flow sheet of the process. The hydrogena-
tion reactor is actually a 4-reactor cascade. Oil yields 
of approximately 50 percent by weight referred to coal 
(mat) were obtained from coals from the Ruhr area. 

Considering the oil contained in the vacuum residue, a 
theoretical oil yield of approximately 57 percent by 
weight referred to coal (mat) is obtained. The yield 
structure is reflected in Figure 2. 

During the more than 3 years operation to date all 
critical plant components have been further developed 
with regard to reliability in operation and longer life. 
Some of the results obtained include: 
Coal Grinding 

At first it had been planned to pregrind the coal in a

hammer mill to 95 percent by weight less than 1 milli-
meter and then grind in a connected suspension mill 
down to a feed coal fineness of 85 percent by weight 
less than 0.1 millimeter. 

In the wet-grinding stage, however, the mills suffered 
extreme wear. The grinding fineness required could not 
be achieved. By replacing the hammer mill with a pan 
crusher and an integrated dynamic separator, the feed 
coal was ground to the specified value in only one 
grinding stage and the wet grinding stage could be 
eliminated. 
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Hydrogenation Reactors 

Hydrogenation reactors can be manufactured as forged-
type, wound-type, multi-layer type or "shape-welded" 
vessels. Forged and wound-type vessels had been used 
in the past in IC-Plants. 

In a research program, a new hydrogenation reactor was 
developed with some new design features as far as 
manufacturing and insulation technology are concerned. 
This reactor was designed as a multi-layer vessel and is 
fitted with an insulation integrated into the wall. 

Alternatives for Residue Concentration 

In the vacuum distillation, a large number of variations 
are possible, such as a three-stage flash/concentration 
of the residue with or without superheating, etc. 

Three alternatives have been executed and tested, as 
illustrated in Figure 3: 

• Two-stage flash without superheating 

• Two-stage flash with superheating after the 
first stage 

• Two-stage flash with superheating after the 
second stage and prior to the vacuum column. 

It was found that without superheating the concentra-
tions (of solids) obtained were not satisfactory. Install-
ation of the heating furnace between the second flash 
vessel and the vacuum column finally led to success. 

FIGURE 3 
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Coal Oil Reference Plant 

Planning is under way for a subsequent Coal Oil Refer-
ence Plant to be constructed in the Ruhr, based on a 
value of 2,500 tons (maf) per day of coal throughput, in 
a single train. 

The successful operation of the coal oil plant in Bottrop 
gives Germany both a leading. technological position and. 
a time lead in the field of direct coal hydrogenation. 
This technology leading position results from the high 
oil yields obtained, as well as by the demonstrated 
reliability in operation. The time lead results from the 
shutdown of the comparable pilot plants in Catlettsburg 
and Baytown, USA. Another plant of 250 tons per day 
is planned but not before the early 1990s in Japan. It is 
planned to exploit this lead by continuing to the 
2,500 tons per day commercial scale.

The indispensable technological condition for commer-
cialization is said to be the operation of a commercial-
scale reference plant. 

COOL WATER SPREADS THE WORD OF SUCCESS 

After an extremely successful first year of operation, 
Cool Water project sponsors and participants are 
spreading the word about the achievements of the 
integrated coal gasification combined cycle plant. 
Lengthy presentations have been made this year to the 
12th Energy Technology Conference, the 30th Interna- 
tional Gas Turbine Conference, the American Institute 
of Chemical Engineers 1985 Spring National Meeting all 
in March, the EPRI Coal Gasification and Synthetic 
Fuels for Power Generation Conference in April, and 
the API 50th Mid-Year Refining Meeting in May, among 
others. 

The plant is currently running at essentially design 
capacity. 

Last year, in September 1984, only four months after 
initial startup, the plant achieved a capacity factor (or 
equivalent availability) of 71 percent and was on-line 
80 percent of the time, an achievement often un-
matched by conventional power plants utilizing mature 
technologies. 

Most of the essential process design parameters per-
taining to efficiency, emissions and availability have 
already been substantiated on the design coal In the 
past year. The major challenge of the next few years 
will be to prove out the availability, reliability, and 
maintainability of the equipment in utility service and 
to demonstrate the flexibility of the 10CC concept by 
processing various United States coal feedstocks, in-
cluding high sulfur bituminous coals from Appalachia 
and the Midwest. 

Output, Heat Rate, and Capacity Factors 

Full-load output has been achieved. The plant has 
generally been operating at a net heat rate of about 
11,500 BTU per KWH, compared with an initial design 
rate of 11,300 BTU per KWH. Future changes may 
bring the heat rate down to about 10,600 BTU per KWH. 

In a larger commercial 10CC plant operating under 
improved conditions and employing a more efficient 
reheat steam turbine, a heat rate of about 9,700 BTU 
per KWH is forecasted, comparable to that of a conven-
tional coal plant with stack gas scrubbers. Introduction 
of a new model combustion turbine planned for the late 
1980s designed for a higher firing temperature should 
result in a further improvement to about 9,000 BTU per 
KWH. 

Emissions 

A major incentive, perhaps the major incentive, for 
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adopting IGCC technology lies in the superior environ-
mental aspects. 

The overall emissions approach or may be even lower 
than those which can be achieved with a combined-
cycle unit fueled with natural gas, and are within 
current federal and California standards. Visitors to 
Cool Water cannot tell from the stack's appearance 
whether or not the plant is in operation. 

Emissions data from sampling of the combined cycle's 
Heat Recovery Steam Generator stack are shown in 
Table 1. In all cases the permit requirements are 
considerably more stringent than the corresponding 
United States EPA New Source Performance Standards 
for coal-fired plants.

TABLE 1 

COOL WATER PROGRAM HRSG STACK EMISSIONS 

Lbs/ 
Lbs/ Million 

PPMv	 Hour Bit

10 35' 0.035 
9 33 0.033 

27'' 65 0.065 
23 61 0.061

Long-term material reliability represents a remaining 
unknown. Refractory life is of significant economic 
importance. Wear data so far Indicate that lifetimes of 
at least one year can be readily achieved. 

Syngas Cooler 

Another uncertainty has been the possibility of fouling 
in the syngas cooler. Slag solidifies during its 120 foot 
fall through the radiant cooler and at some point passes 
through the sticky phase when adhesion to the walls 
could occur. Preliminary data have shown that the 
design steam production can be achieved and also 
indicate less fouling than had been contemplated. 

Problems 

In summary, the unit has started up very well, and 
notwithstanding the number of problems that have been 
encountered, operated amazingly well during its first 
nine months. To date, the project has not identified 
any fundamental design limitations within the plant. 
Specific sub-system or unit performance has exceeded 
design objectives, almost without exception. The few 
exceptions are the poor operability of the saturator, 
failures in boiler feedwater and booster pumps, and 
erosion of valves in certain high solids containing water 
systems. These are key mechanical problems which 
must be remedied; however, they are not critical "go/no 
go" factors and are not "state-of-the-art" problems. 

302 
Permit Requirement 
Actual Test Result 

NO2 
Permit Requirement 
Actual Test Result 

Particulates
	 Schedule/Cost Performance 

Permit Requirement 	 10'' 0.010
	

The Cool Water plant was constructed in approximately 
Actual Test Result	 1	 0.001

	 28.5 months. 

'EPA permit requirement for Utah (SUFCO) 
design coal, corresponding to 95 percent sulfur 
removal. Permit requirement (and expected SO2 
emissions) for Illinois No. 6 coal test is 175 
pounds per hour, corresponding to 97 percent 
sulfur removal. 

"CEC permit requirement. 

Scale-Up, Slurry Concentration, 
Efficiency 

Design coal throughput (1,000 tons per day dry coal) has 
been routinely achieved. The carbon conversion at the 
design oxygen/carbon ratio exceeds the design estimate 
by a significant margin. Carbon conversions have been 
running typically about 98/99 percent. At these high 
conversions it does not appear worthwhile to recycle 
the slag although provisions were made in the design to 
allow for this possibility. The slurry concentration used 
to date has typically been about the design value of 
60 percent (by weight dry solids). Techniques for 
increasing the slurry concentration are being explored. 
Currently the gasifier cold gas efficiency is a little 
higher than design, reflecting the higher than design 
carbon conversion.

The program was fortunate that during the procurement 
period, inflation rates had eased considerably, firm 
vendor quotes could be obtained, and demand for both 
shop time and field construction manpower was down. 
As a result the program under-ran its projected capital 
budget. 

The capital commitment of $294 million not only in-
cluded detailed engineering and construction, but also 
owners' costs, Texaco and General Electric reimburs-
able first-of-a-kind costs, and Initial start-up costs. 

Operating Budget and Funding 

Operations are funded in the following order of priority: 
(l) revenue from the sale of electricity; (2) sale of by-
products; (3) United States Synthetic Fuels Corporation 
(SFC) price supports; and (4) Southern California Edison 
operational funding support 

While lower escalation had a favorable effect on con-
struction costs, the decline in world oil prices had a 
negative effect on the "avoided cost" at which plant 
electricity is sold, and thus on operational revenues. At 
these lower energy values, the Cool Water plant, as a 
first-of-a-kind, has all but been precluded from econo-
mic viability during the early years. In order to relieve 
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this condition, the project took steps to obtain opera-
tional price support guarantees from the SFC. Since 
the June 24, 1984 production commencement date, the 
Cool Water Program has received payments from the 
SFC for the product. The syngas produced is supported 
at $12.50 per million BTU. 

The amount of the SFC price support is limited to a 
maximum of $120 million. The support Is directed only 
to the Stage I (first five years) operation expenses, and 
SFC funds will not cover any capital expenditures. It 
Southern California Edison proceeds with Stage II oper-
ations, as planned, the SFC will have the opportunity to 
recover price support paid during Stage I. 

Commercial Potential 

ICGG plants will compete with other baseload electric-
ity options, i.e., direct coal-firing with scrubbers, 
nuclear reactors, etc., not with oil or natural gas. As a 
consequence, the economics are not greatly dependent 
on the price swings of Middle East oil, LNG, or natural 
gas. 

In addition, IGCC plants are modular and can be added 
in capacity increments of a few hundred megawatts 
with little increase in cost of power over larger plants. 
This attribute Is particularly important to United States 
electric utilities where load growth is low and uncertain 
and raising capital for large plants is difficult and 
costly. 

Detailed commercial plant design studies performed for 
EPRI based on the Cool Water Plant configuration have 
indicated that Texaco-based IGCC plants (400 to 
600 megawatts-electric) using the next generation com-
bustion turbine being developed by GE (a 2,200°F tur-
bine Inlet temperature air-cooled unit), would result in 
a plant overall heat rate of 9,000 BTU per KWH for a 
high sulfur bituminous coal. The total plant investment 
in 1984 dollars is estimated to be approximately $1,530 
per KWH(electrlc), and a levelized busbar cost of 
4.8 cents per KWH at 65 percent capacity factor is 
estimated. This is about 10 percent less than for a 
direct coal-fired plant with scrubber. 

EPRI and ten electric utilities are presently considering 
an alternate introduction approach called "Phased Con-
struction of IGCC Power Plants." In this approach, 
first a combustion turbine is installed, burning natural 
gas or distillate, later a second combustion turbine is 
added, and finally the gasification plant, heat recovery 
steam generator, and steam turbine are added. Thus 
the plant goes from being a peaking plant using liquid or 
gaseous fuels to a baseload plant, utilizing coal. 

It is believed that by mid-1986 a commercial IGCC 
plant could proceed with confidence on an established 
data base with ordinary risk. Some electric utility 
companies are already seriously considering this option 
for their next generation unit.

DESIGN AND CONSTRUCTION CONTRACT 
AWARDED FOR ARM'S LIQUEFACTION/ 
COGENERATION PLANT 

As described on page 4-5 of the March 1985 Pace 
Synthetic Fuels Reports AEM Corporation and SGI 
International are developing an electric cogeneration 
and coal liquids project to be located near Colstrip, 
Montana. The plant will utilize the Liquids from Coal 
(LFC) process developed by SGI International. 

In July 1985 the sponsors announced that Drava Engi-
neers, Inc., had been selected to design and construct 
the plant. Orders for the major pieces of equipment for 
the plant are expected to be placed by mid-September. 
Site work should begin In mid-fall 1985, with construc-
tion to be completed by December 1986. 

till 
KILNGAS COMMERCIAL MODULE ACHIEVES 
60-DAY DEMONSTRATION 

G. T. Petersen of Allis-Chalmers at the Coal 
Gasification and Synthetic Fuels for Power Generation 
Conference sponsored by the Electric Power Research 
Institute, presented an update of the KILnOAS 
commercial module demonstration program. 

The KCM Is designed to process 600 tons of coal per 
day to supply 407 million BTU per hour of product gas 
to a utility boiler (50,000 KW). The reference coal, for 
plant design purposes, Is Illinois No. 6 with an assumed 
higher heating value (HHV) of 10,034 BTU per pound. 
With a design coal Input of 502 million BTU per hour 
and a clean gas output of 407 million BTU per hour, a 
coal-to-gas conversion efficiency of approximately 
81 percent is obtained. The KILnGAS process produces 
a low-BTU gas with an HE y of nominally 130 to 
155 BTU per standard cubic feet 

A 60 day Illinois Coal Demonstration run was completed 
on December 17, 1985. A basic objective of the 
demonstration was to exceed a minimum operating 
availability of 50 percent over a 30 day period and 
70 percent over the best 10 day period, while simul-
taneously satisfying the four performance parameters 
and the five operating configuration requirements listed 
below: 

• Achieve minimum performance of: 

- Gasifier operating pressure >40 psig 
- Product gas heat value of 80 BTU per 

standard cubic foot 
- Sulfur removal >80 percent from the pro-

duct gas 
• Carbon conversion >70 percent. 

S Maintain commercial plant configuration: 

- Tar recycle loop closed and operating 
# a #	 - Particulate loop closed and operating 
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- i3iflow mode operating 

- Stretford plant on-line 

- Deliver product gas to Illinois Power 
Company for tiring in the Unit No. 3 
boiler. 

A relatively low carbon conversion target was estab-
lished when earlier operating experience showed that 
ash agglomerates are produced at higher conversion 
levels. The ash discharge system was not designed to 
handle this type of discharge. Therefore, the objective 
was to operate at as high a conversion level as possible, 
consistent with the physical limitations of the ash 
discharge system. 

Performance requirements were stated to have been 
generally satisfied during sustained operation; however, 
operation was sporadic due, chiefly, to ash discharge 
system inadequacy. Performance trends during this 
run, however, were substantially improved as compared 
to previous test performance. 

The gas higher heating value averaged 127 BTU per 
standard cubic foot (80 BTU per standard cubic foot 
minimum required) over the test, and ranged from 135 
to 150 BTU per standard cubic foot at various steady-
state operating conditions. 

Removal of total sulfur from the product gas averaged 
90 percent (80 percent minimum was the goal). Hydro-
gen sulfide removal exceeded 99 percent, as expected. 

Carbon conversion exceeded the 70 percent criterion 
for short periods, subject to ash discharge limitations. 

Recycling of tar and particulates to the gasifier for 
conversion to gas was accomplished on a routine basis. 

Billow operation was satisfactory when it was used. 
Operation in this mode was limited, because there was 
insufficient thermal energy available to sustain the 
required minimum discharge temperature when oper-
ating at less than 50 percent load. When the Billow 
Mode qualified for operation, heat recovery steam was 
generated at 115 percent of expected recovery levels. 

Combustion of low-BTU gas in the Illinois power boiler 
was satisfactory, and turndown of the boiler to light 
loads was better than had been expected. Twenty 
percent was achieved as a minimum. No less than 
50 percent was forecast by the boiler manufacturer. 

Process operation at high carbon conversion levels 
results in generation of large ash agglomerates. As a 
result of the ash discharge system limitations, sustained 
economic process operation was not attempted. How-
ever, design level objectives (93 percent) for carbon 
conversion were met and exceeded for periods up to 
12 hours. Therefore, achievement of economical pro-
cess operation is expected to be attainable when the 
ash discharge system is upgraded. 

Two long standing issues regarding the KILnGAS tech-
nology were basically resolved: 

• The ability to process coal fines

The ability to recover, recycle, and gasify tars 
to extinction. 

Based on the observed operation of the ICILnGAS Com-
mercial Module during the 60 day Illinois Coal Demon-
stration run, the use of Illinois No. 6 coal as feedstock 
for the KILnOAS gasification process is now considered 
technically feasible. 

The 60 day Demonstration Run confirmed that the 
process will form ash agglomerations at higher conver-
sion rates of Illinois coal. Properly controlled, agglom-
erated ash may be the most desirable form of ash to 
produce, because it contains very little carbon (less 
than 10 percent versus the 30 percent design objective). 
The main problem encountered was the limited ability 
of the ash locks to properly crush and discharge these 
agglomerates when they were received in large quan-
tities. 

According to Petersen, plans for 1985 center around a 
Reliability, Availability, and Maintainability (RAM) 
testing program using Illinois coal, along with selective 
subsystem upgrading and modifications to improve plant 
performance and economies. 

In a related development, discussed at the American 
Petroleum Institute Session on Synthetic Fuels held May 
15, 1985 in Kansas City, Missouri, the KILnGAS tech-
nology has been proposed for the gasification of petro-
leum coke. 

Allis-Chalmers first became interested in the gasifi-
cation of petroleum coke in late 1981. They considered 
the use of fuel-grade petroleum coke, and thought It 
might be possible to gasify the coke and ultimately 
produce hydrogen for use In refinery operations. Sev-
eral barrels of coke were tested in the West Allis, 
Wisconsin, laboratories. 

According to Allis-Chalmers, In 1983 over 60 percent of 
the fuel-grade petroleum coke produced by United 
States refineries was sold overseas for lack of 
domestic markets. Even in countries with no sulfur 
emissions restrictions, operation of boilers on 
petroleum coke alone is, in most cases, Impossible due 
to Its low volatility. The presence of vanadium and 
nickel in the coke causes environmental problems when 
burned directly, as well as damage to furnace 
refractory. Scrubbing of the product gases from the 
KILnGAS process eliminates emission problems, while 
the reducing atmosphere in the gasifier, combined with 
proper refractory selection, addresses the second 
concern. 

The findings of the preliminary laboratory tests and 
studies give cause for optimism that the IULnGAS 
technology can be applied to petroleum coke gasifi-
cation. Table 1 compares the prospective composition 
of the product gas derived from petroleum coke with 
that of Illinois No. 6 coal. The compositions of the 
product gases are strikingly similar. In general, It 
would appear that the physical plant design may differ 
somewhat for petroleum coke (e.g., ash handling, tar 
recovery/recycle, etc.), but that the basic process 
would be unchanged.

- 
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Tests with petroleum coke in the commercial module 
will not be possible until the current testing program 
using coal feedstocks is completed in late 1986. 

TABLE I 

KILoGAS CLEAN FUEL-GAS ANALYSIS 
AND CHARACTERISTICS

Mole (Volume) % 
Illinois Petrom leu 

Gas No. 6 Coal Coke 

H2 20.8 20.1 
CO 19.8 20.0 
CO 2 9.9 9.9 
CH4 1.5 0.7 
N 2 45.9 47.6 
H 2 0 1.6 1.7 
C2 1s and Higher 0.5 200 

Total 100.0 100.0 

Total Sulfur Species (ppmv) 760 400 
NH3 (ppmv) 50 50 
Non-Gases (ppmv) 10 10 

Average Molecular 
Weight (AM W) lb/lb-mole 24.0 24.2 

HHV BTU/SCF 158 137 
LHV BTU/SCF 145 126
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CORPORATIONS 

EPRI OUTLINES CLEAN COAL TECHNOLOGY 
PROGRAM 

The Electric Power Research Institute (EPa!) responded 
to the United States Department of Energy (DOE) 
program announcement for information regarding 
emerging clean coal technologies by submitting a list of 
projects which EPRI would be wilting to co-fund. The 
project list is reproduced in Table 1. Project num-
bers 18 through 21 involve coal gasification. 

EPRI is presently supporting portions of the work 
described, but at levels below what they believe is 
necessary to make the technology widely available 
within the next decade. EPRI states that the present 
lack of an adequate funding mechanism to build the 
facilities necessary to demonstrate the reliability, eco-
nomics, and performance of new coal technology is a 
source of national concern. This may have profound 
consequences for the 1990s when new electric generat-
ing demands, which must rely on coal, collide with the 
growing environmental ethic of our society. 

TABLE I

SPECIFIC CLEAN COAL TECHNOLOGY PROPOSALS BY EPRI 

Estimated 
Technology Project	 DOE Funding 

114$) 

Cot! Quality I. Physical coat cleaning process 15 
Improvement demonstrations 

2. Chemical coal cleaning demon- 20 
etratlons 

3. Coal reserve, quality assessment 10 
4. Coal cleaning plant process to 

control 

Combustion Technology 5. Combustion diagnostics 30 
6. Effect of coal variability on 

power plant performance 
7. Stagging coal combustors 15 
B. Furnace eorbent injection 30 
S. Retrofit low N05-combustion 

to. Clean coal-water slurry demon- 20 
strations 

Fluid Bed (PB) II. ItO MW circulating AFBC 30 
Combention 12. Pressurized FR turbo-charged 130 

bolter demonstrations (assume 
2 projects) 

13. Pressurized FB combined cycle 55 
demonstration 

14. Pressurized FR prototype demon- 40 
etratices 

Pines Gas (FaD) 15. Demonstration of gypsum-producing 25 
Desulfurlsstlon rOD system 

16. Urban scrubber development IS 
17. High sulfur test center 15 

Gasification 16. BGC/Slagging Lurgi coal 150 
Combined Cycle 19. Once through coal methanol 10 

Fuel Cell Coal 30. Coal gasification phosphoric acid 25 
Gasification fuel cell demonstration 

21. Coal gasification/carbonate fuel 50 
cell demonstration 

Environmental 21. Lake acidification mitigation 
Assessment 13. Major tracer experiment 40

Per Project

BGC/Slagging Lurgi Coal Gasifi-
cation Demonstration (No. 18) 

EPRI believes that the BOC/Slagging Lurgi coal gasifi-
cation technology is ready for a commercial demonstra-
tion. At Westfield, Scotland, EPRI, Gas Research 
Institute, and BGC will be sponsoring tests on Illinois 
No. 6 and Pittsburgh No. 8 coal in mid-1985. These 
data will provide the design basis for an integrated 
gasification combined cycle demonstration plant pro-
ducing about 150 megawatts-electric (net) power which 
will be located at a Detroit Edison site near Detroit, 
Michigan. The project is scoped to contain two oxygen 
blown BGC/Slagging Lurgi operating gasifiers with one 
spare, the next model GE gas turbine with firing 
temperatures and efficiencies greater than those 
models offered today, and a heat recovery steam gener-
ator along with appropriate gas cleanup equipment. 

The estimated cost of this project is about $400 million 
and it should be on line early in 1992. 

Recent EPRI studies have shown that full scale Com-
mercial IGCC plants based on this technology should 
have coal to bus-bar heat rates of about 8,600 BTU per 
kilowatt hour, and investment requirement of about 
$1,300 per kilowatt (1984 dollars). NO., SO,, and 
particulate emissions can be controlled to very low 
levels. 

Once Through Methanol Demonstration 
Plant (No. 19) 

Recent EPRI studies have shown that methanol can be 
co-produced economically with electricity in an into-
grated coal gasification combined cycle power plant. 
EPRI has been participating in the development of the 
Liquid Phase Methanol reactor. In addition, EPRI has 
been consulting with ICI, Lurgi, and Haldor Topsoe to 
determine if their technology which is currently used to 
convert gas with a ratio of 0.5 parts carbon monoxide 
per part of hydrogen can be utilized for a high carbon 
monoxide gas. 

EPRI expects to complete a study in mid-1985 which 
will lead to a methanol process technology choice for a 
100 tons per day methanol plant which will be operated 
in conjunction with TVA's 165 tons per day Texaco 
gasifier at Mussel Shoals, Alabama. (See the article 
entitled "Once Thorugh Methanol Process Proposed for 
TVA's Ammonia-from-Coal-Plant" in this issue of the 
Pace Synthetic Fuels Report) 

Preliminary EPRI studies have indicated a capital cost 
of about $10 to $12 million for the facility with an 
annual operating budget of about $10 million. 

Coal Gasiflcatioa/PhOsphOrie 
Acid Fuel Cell (No. 20) 

According to EPRI, the integration of phosphoric acid 
fuel cells with coal gasifiers shows many promising

- 
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benefits, including: 

• Very low emissions 
• Power plant efficiency above 35 percent 
• Cost competitive with coal and FCC 
• Construction with factory-assembled modules 
• Rapid response and low minimum power. 

The phosphoric acid fuel cell operates equally well with 
air-or oxygen-blown gasifier products. 

UTC is expected to have prototype fuel cells in low 
volume production within the next 3 years and Westing-
house soon after, although these initial fuel cells will be 
expensive until volume production is achieved. A 
demonstration of production prototype fuel cells with 
coal gasifiers will greatly accelerate the use of this 
very clean coal technology. 

EPRI would contribute $10 to $15 million to a well-
conceived commercial demonstration unit which would 
probably cost $40 to $50 million per project 

Coal Gasification/Carbonate 
Fuel Cell Demonstration (No. 21) 

EPRrs systems assessments of carbonate fuel cells 
integrated with coal gasifiers and bottoming cycles 
show this power plant concept to be superior in terms 
of efficiency and emissions to other coal-fueled power 
plant technologies-if carbonate fuel cell development 
targets are achieved. Performance targets have been 
achieved in small cell stacks but cell durability is 
unproven. EPRI estimates that another 10 years will be 
required, at the approximately $15 million per year 
current funding rate provided primarily by DOE and 
EPRI, to develop a carbonate fuel cell that meets all 
performance, durability, and cost goals.

produced from coal. The Texaco coal gasification 
process was selected, and the plant was completed at a 
cost of about $43 million and was operated for the first 
time in October 1980. It was the first coal gasification 
plant to be build in the United States, in modern times, 
with all environmental controls, and on a semi-produc-
tion-size basis. Being a first-time-out plant, it suffered 
some initial difficulties. It was not until November 
1982 that it actually made ammonia, but now the plant 
is run on a routine basis and without major difficulties. 
It was designed to gasify about 200 tons of coal per day 
to produce about 10 million cubic feet of carbon mon-
oxide and hydrogen sufficient to produce about 150 tons 
per day of ammonia. 

The plant has undergone a number of changes since it 
was built, and it has been operated with Illinois No. 6, 
Kentucky No. 9, Pittsburgh No. 8, and Utah coals, and 
with bottoms material from the Exxon Donor Solvent 
Process. 

Each of the feedstocks was tested under a wide range 
of operating conditions in the gasifier. Typical gasifier 
performance is given in Table 1. 

A process problem which was related to a difference in 
feedstock properties was solved during the last year. 
With Illinois No. 6 coal, solids accumulated gradually in 
the gas line exiting the gasifier. However, weeks of 
operation were possible before the line required clean-
ing. With Utah coal, the buildup was rapid. In en than 
a day, the solids accumulated to the point that a 
shutdown was required for cleaning. Analysis of the 
deposits revealed a high calcium content. The calcium 
acted as a cement to bond fly ash to the pipe walls. 
After modifications were made to correct this problem, 
the plant was operated for 20 days with Utah coal with 
no solids accumulation on the pipe walls. 

TABLE I 

TYPICAL TVA GASIFIER PERFORMANCE 
ONCE-THROUGH METHANOL PROCESS PROPOSED 
FOR WA'S AMMONIA-FROM-COAL PLANT 

The Tennessee Valley Authority (TVA) Ammonia-from-
Coal Project (ACP) was begun in 1976 to construct a 
facility and to carry out research, development, tests, 
and demonstrations of substituting abundant coal for 
scarce natural gas to produce ammonia. The current 
objectives of the project will be accomplished at the 
end of fiscal year 1985. TVA officials are promoting 
the view that it will be in the national interest to 
continue to use the facility in a positive manner, and 
are studying various alternatives as to what could be 
done. 

Background 

In August 1975, the president of The Fertilizer Institute 
appealed to the TVA Board of Directors for funding 
directed to finding an alternate feedstock to natural 
gas to produce ammonia. TVA at Muscle Shoals had a 
small but modern natural gas-fed ammonia plant, and 
decided to retrofit this plant to operate with gas

Iltinols Kentucky 
£D5 Utah No.6 No.9 

Type of Feedstock Residue Coal Coel C(Nl 

Coal Feed Rate, Tons/Hour, 7.7 7.4 7.7 7.4 
Dry 

Oxygen Feed Rate, Tons/ 7.0 7.1 7.2 7.2 
Hour, 98% Oxygen 

Coal slurry Concentration, % 62.8 61.7 61.3 60.9 
Gasifier Temperature, e7 2,500 2,500 2,500 2,500 
Gasifier Pressure, prig 500 496 484 500 
Gas Production, M5CFH 402 382 424 410 

Hydrogen • CO 
Gas Composition, Vol % Dry 

Hydrogen 33.6 33.6 36.0 36.7 
CarbonMonoxIde 45.9 44.2 41.9 42.0 
Carbon Dioxide 17.3 20.5 18.0 19.2 
Hydrogen Sulfide 1.1 0.1 0.6 0.8 
CU4	 - 0.02 0.056 0.056 0.03 
Nitrogen. At 1.9 1.5 1.2 1.3 

Carbon Content of slag, % 9 20 11 22 
Carbon Conversion, % 97 97 95 95 
Cold Gas Efllciency, % 68 70 70 73 
sOC'', sCr Oxygen/M5CF 404 431 394 406 

CO • hydrogen 

*(BTU (680F) gas/BTU feedstock) a 100% 
'Specific oxygen consumption
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Process Description 

The gas leaving the Texaco gasifier is water-quenched 
and particulate matter (fly ash) is removed in a scrub-
ber. The process gas from the quench scrubber flows to 
two carbon monoxide shirt converters charged with 
sulfur-activated catalyst. 

The carbon monoxide content of the gas entering the 
converter is about 22 percent (wet basis). After full 
shift, the carbon monoxide content is about 2 percent 
which matches the carbon monoxide content of the gas 
entering the low-temperature shift converter in TVA's 
existing ammonia plant. 

The acid-gas removal system uses Norton's Selexol 
process. The ability of the acid gas removal unit to 
operate satisfactorily with each feedstock has been 
demonstrated. The total sulfur composition of the 
outlet gas was below 1 ppmv for each feedstock. 

Nitrogen from the air separation plant is added to the 
process gas from the acid-gas removal system to pro-
duce a hydrogen:nitrogen ratio of 3:1. The gas then 
flows through a zinc oxide sulfur guard to decrease the 
sulfur content to less than 0.1 ppm. Demineralized 
water is added to bring the steam-to-dry gas ratio to 
0.44:1. The gas is then heated to about 600°F prior to 
its entry into the existing ammonia plant at a point 
immediately upstream of the low-temperature carbon 
monoxide shift converter. Composition of process gas 
manufactured from coal is very nearly the same as the 
composition of gas leaving the high-temperature carbon 
monoxide shift converter in the ammonia plant and is 
shown in Table 2.

TABLE 2

PRODUCT GAS TO AMMONIA PLANT 

Coal Type 
Illinois 
No. 6	 Utah 

Flow Rate, SCFM 11,472 109079 
Temperature, OF 580 580 
Pressure, psig 380 385 

Major Components, Vol % 
Hydrogen 46.3 41.0 
Carbon Monoxide 1.9 5.6 
Carbon Dioxide 9.7 11.8 
Argon 0.4 0.5 
Nitrogen 16.0 15.7 
Water Vapor 25.7 25.4 

Sulfur Species, ppmv 
Hydrogen Sulfide Z 0.1 40.1 
Carbonyl Sulfide - - 

Hydrocarbons, Vol % 
Methane 40.1 CO.!

•SCFM at 60°F and 29.92 inches of mercury

According to TVA, the facility now provides excellent 
and comprehensive test data on process performance 
with different coals and under varying conditions of 
operation. It has been used to provide design and 
operational information and personnel training services 
to commercial installations at the Tennessee Eastman 
plant at Kingsport, Tennessee; the Cool Water plant, 
Daggett, California; and the Ube Industries, Ltd. plant, 
Ube City, Japan. All these plants had good and speedy 
startups. 

The project has been successful in that good technology 
has been developed and demonstrated for producing 
ammonia from United States coals. Decisions about 
future construction of coal-based ammonia plants will 
be primarily based on comparative economics. TVA 
believes that the potential future uses of the facility 
relate more to synthetic fuels than to fertilizer. 

Plans 

J. F. Weinhold of TVA explains that a synthetic fuels 
plant consists of three primary elements.—the gasifier, 
the gas cleanup system, and the end use system. The 
ACP includes a Texaco gasifier and Selexol acid gas 
cleanup system. The existing ammonia plant serves as 
the end use system. 

The electric utility industry has taken a major stride in 
coal gasification through the construction and operation 
of the Cool Water integrated gasification combined 
cycle (10CC) process. This project provides potentially 
economic, environmentally clean base load electric 
power from coal. 

Gasifiers prefer to run at constant load, but electric 
power demand fluctuates. The once-through methanol 
concept offers a means for running gasifiers at full 
capacity while the system follows the electric load. 
Normally all the sulfur-free gas from the gas cleanup 
system would be run through a methanol catalyst bed in 
which 15 to 20 percent of the energy is converted to 
methanol. The exhaust, carbon monoxide-rich gas is 
burned in the gas turbine combined cycle. The 
methanol is stored for periods of peak demand. De-
pending on how the system is configured, this fuel can 
be burned in adjacent gas turbines, the same oversize 
gas turbine, or a separately fired steam generator. The 
methanol unit could also be by-passed, feeding addi-
tional energy to the gas turbine. The crucial point is 
that a once-through methanol unit linked to an 10CC 
offers a cost effective means of producing a high grade, 
storable liquid fuel from coal. As a result of economies 
of scale, process simpliciation such as the elimination 
of the shift unit, and utility financing, this approach 
may be the only utility coal liquefaction approach 
which can be competitive in the foreseeable future. 

TVA, under Electric Power Research Institute (EPRI) 
sponsorship, has conducted a process selection and cost 
estimate study for an addition which would convert the 
output of the ACP plant to methanol under conditions 
approximating a once-through operation. The scale of 
operations at ACP is close enough to full-size commer-
cial so that further scaleup should not be a problem. 
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The once-through approach, in conjunction with an 
IGCC that makes sense on its own, offers a way to 
reduce methanol prodution costs almost in half when 
compared with a standalone methanol plant with the 
same methanol output. EPRI has indicated a willing-
ness to fund one-halt of the estimated $40 million 
project cost, if TVA Is able to find additional funds 
from other sources. 

A semiworks test program for such a concept was 
proposed by TVA in a submitttal to DOE under the 
prospective Clean Coal Technology program. The pro-
gram includes a twenty-fold scaleup of the once-
through liquid-phase methanol process now under devel-
opment by Chem Systems, Air Products and Chemicals, 
Inc., and others, as well as smaller scale adaptation of 
commercially available vapor-phase methanol reactors. 
A preliminary seeping study has been completed by 
Chem Systems for proof of concept of the liquid-phase 
methanol process technology at TVA. TVA is now 
conducting a broader process screening study to also 
evaluate the application of the commercial methanol 
technologies that were studied in conjunction with the 
North Alabama Coal to Methanol Project. 

The conclusion of the preliminary seeping study was 
that the plant was well suited as the site for such a 
semiworks. Approximately 125 tons per day of 
methanol would be produced. The fact that there is no 
combined-cycle power generation plant at TVA creates 
a potential problem which was resolved in the study. in

once-through methanol operation in a power plant, the 
unconverted gas from a methanol reactor would be used 
to fire the combined cycle. This unconverted gas is 80 
to 90 percent of the gasifier output. In the proposed 
project, the unconverted gas must ultimately be used 
for methanol production. This will be accomplished by 
shifting the unconverted gas in a water gas shift 
reactor until it produces a gas of the same composition 
as the gasifier outlet. 

The major candidate for scaleup in the facility is the 
liquid-phase methanol process. Other licensors, includ-
ing Imperial Chemical Industries (ICI) and Lurgi, have 
indicated an interest in having their technologies tested 
in this project. Each of the alternatives will have 
different scaleup requirements as well as different 
abilities to meet the power plant requirements. It is 
possible that parallel processes would be tested. TVA 
and EPRI have started work on a formal process of 
soliciting the various vendor Inputs and comparing the 
merits of the alternatives. 

Only two plants are In existence today which manufac-
ture methanol from coal gasification. One of these is a 
very small plant, producing about fifty tons per day of 
methanol, located in South Africa. The other plant 
produces about 500 tons per day and Is owned by 
Tennessee Eastman Corporation in Kingsport, 
Tennessee. The former plant is an ICI licensed plant 
and the latter is a Lurgi licensed plant. 

4-18



GOVERNMENT 

TEN PROJECTS SUBMITTED IN RESPONSE TO 
SFC COAL GASIFICATION SOLICITATION 

The United States Synthetic Fuels Corporation (SFC) 
received preliminary qualification statements for ten 
projects in response to its Solicitation for Eastern 
Province and Eastern Region of the Interior Province 
Bituminous Coal Gasification Projects. Under the 
terms of the Solicitation, project sponsors must submit 
a preliminary qualification statement which demon-
strates that they have a reasonable prospect of 
assembling the financial, engineering, and management 
capabilities necessary to execute and operate the pro-
ject. The specifications of each project are briefly 
summarized in Table 1. Additional details regarding 
several projects are provided in separate articles in this 
issue in the Projects portion of the Coal section. 

As described on page 4-17 of the June 1985 Pace 
Synthetic Fuels Report, to qualify for the solicitation 
the projects must utilize one of the following types of 
gasification technologies: slagging fixed-bed, fluidized-
bed, or entrained-flow with dry coal feed. The SFC 
intends to award a price guarantee, a loan guarantee, or

a combination loan/price guarantee to a project in each 
category. The feedstock must be bituminous coal ?E 
Alabama, Illinois, Indiana, Kentucky, Ohio, Pennsyl-
vania, Tennessee, Virginia, or West Virginia. 

The original schedule for the solicitation called for the 
submission of preliminary qualification statements by 
July 8, 1985. However, on July 30 the SFC Board of 
Directors decided to extend the deadline until 
August 30, 1985. The extension of the deadline was 
requested by Virginia Power which had not responded by 
the July 8 deadline, but subsequently submitted a 
proposal on August 21. Two other projects, Process 
Energy and Davis Synthine, also utilized the extension 
to submit proposals. No other terms or deadlines of the 
solicitation were afNcted by the amendment. 

As summarized in Table 2, the next milestone of this 
solicitation requires that the sponsors of projects utiliz-
ing fluidized-bed and entrained-bed gasifiers (i.e., 
COCA-1, Ohio I, Keystone, Scrubgrass, and Davis 
Synthine) must submit qualification proposals by 
September 9, 1985. Similarly, the sponsors of fixed-bed 
gasification projects (i.e., Calderon, Air Products, H-R 
International, Virginia Power, and Process Energy) must 
submit qualifications proposals by November 15, 1985. 

TABLE 1 

SOLICITATION FOR EASTERN PROVINCE AND EASTERN R2GION OF THE
INTERIOR PROVINCE BITUMINOUS COAL GASIFICATION PROJECTS 

Solicitation 
Project Namefbocation Sponsor Category Technology Production 

COGA-1 
Macoupin County, IL Coal Gasification, Inc. Fluldixad-Bed U-Gas 1.1 million tons per 

Poster Wheeler, Honk- year of ammonia (ap-
Hydro, Freeman-United proximately 15,000 
Coal Company, Union BOED) 
Carbide Corp., Institute 
of Gas Technology, 
Dean Witter Reynolds, 
Inc. 

Calderon/Bowling Green 
Bowling Green, Ohio Calderon Energy Corn- Fixed-Bed Calderon Fixed- Electricity and steam 

Party Bed Slagging (approximately 4,101 
Gasifier BOED) 

Ohio I-Coal Conversion 
Lawrence County, Ohio Wentworth Bros., Inc., Pluidized-Bed High Temperature 165,000 tons per year 

Energy Adaptors Corp., Winkler methyl fuel and 
Hoechst-Uhde GmbH, 165,000 tons per year 
David Russack Assoc. ammonia (approxi-

mately 4,000 BOED) 

Keystone 
Somerset County, PA The Signal Companies, Fluidized-Bed F(RW Fluid-Bed 667 million BTU per 

Inc. hour fuel gas to pro-
duce approximately 
110 MW electricity 
(approximately 3,500 
abED) 

Sethgran 
Venango County, PA Scrubgrass Associates Entrained Flow High Pressure GKT 2,372 BPSD gasoline 

(AC-Valley Corporation, and 518 BPSI) LPG 
General Partner) (approximately 2,900 

B OED) 
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TABLE I (Co ni fluid) 

SOLICITATION FOR EASTERN PROVINCE AND EASTERN REGION OF THE 
INTERIOR PROVINCE BITUMINOUS COAL GASIFICATION PROJECTS 

Solicitation 
Project Name/Location Sponsor Category Technology Production 

Air Products Gasification 
Memphis, Tennessee Air Products and Fixed-Bed British Gn/Lurgl Fuel gas and methyl 

Chemicals, Inc. Slaggtng Gasifier fuel (approximately 
2,500 BOED) 

H-fl International Gasification 
Unspecified site, WV	 H-fl International, Inc., Fixed-Bed British Gas/Lurgi It million SCF per 

Slogging Gasification Slagging Gasifier day fuel gas (approxi-
Consortium mately 3,000 SUED) 

Virginia Power 
Unspecified Site, VA Virginia Power, EPRI, Fixed-Bed British Gas/Lurgl 1.5 billion BTU per 

General Electric, and slogging Gasifier hour of synthetic 
Consolidation Coal gas to produce	 300 

megawatts of elec-
tricity (approxi-
mately 6,000 SUED) 

Davis Synthine 
Hornell, New York Davis Synthine Fuels Entrained Flow Low Temperature 26.5 million SCPD of 

& Coal Corporation Carbonization and SNO, and approxi-
KBW Gasification mately 25,000 BPD 

of liquid fuels 
(30.000 BOED) 

Proeca Energy 
Unspecified Site, WV Process/Energy Systems, Fixed-Bed British Gas/Lurgi 1,000 HOED of 

Inc. Slagging Gasifier hydrogen and carbon 
monoxide and 1,000 
BORD of fuel gas 

*Currently In negotiations under the SFC's Fourth General Solicitation 

TABLE 2

SCHEDULE FOR THE SFC SOLICITATION 
FOR EASTERN BITUMINOUS

COAL GASIFICATION PROJECTS 

Deadline for Submitting Qualification Proposals: 

• September 9, 1985 for fluidized-bed gasification 
and entrained-flow gasification with dry coal feed 
projects 

•	 November 15, 1985 for fixed-bed slagging gasi-
fication projects. 

Deadline for Designating Projects Meeting Qualifica-
tion Criteria: Approximately 30 days after deadline for 
submitting Qualification Proposals 

Deadline for Submitting Project Proposals: The SFC's 
chairman will establish, for each category, the deadline 
for submitting Project Proposals based on the date 
requested by each project sponsor(s) and the rationale 
for such deadline as set forth in the Preliminary Quali-
fication Statement. 

Deadline for Selecting Projects for Negotiations: Ap-
proximately 60 days after deadline for submitting Pro-
ject Proposals.

CLEAN COAL TECHNOLOGIES EVALUATED 
BY DOE 

As described In the June 1985 issue In the article 
entitled "DOE Submits Clean Coal Technologies Report 
to Congres? (page 4-8) the United States Department 
of Energy (DOE) has prepared a report that summarizes 
176 clean coal technology proposals. These proposals 
were received in response to DOE's request for Infor-
mation regarding industry's Interest in developing clean 
coal technologies (i.e., technologies that could reduce 
the emissions from coal-burning facilities). DOE's 
Report to Congress includes an appendix that provides 
technology assessments of the following technologies: 

• Flue Gas Cleanup 
Limestone Injection Multistage Burners 
Dry Discharge and Regenerable 

• Advanced Combustors 
• Fluidized Bed Combustion 

Atmospheric	 - 
Pressurized 

• Coal Preparation 
• Alternative Fuels 
• Gas Stream Cleanup 
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Surface Coal Gasification 
Fuel Cells 
Uent Engines 

Gas Turbines 
Diesel Engines 

Magnetohydrodynamics 
Coal Liquefaction 

Direct 
Indirect 

Underground Coat Gasification. 

The following information very briefly summarizes 
DOE's assessments of each technology, with more de-
tails provided regarding DOE's evaluations of synthetic 
fuels technologies—surface coal gasification, under-
ground coal gasification, and coat liquefaction (both 
direct and indirect). Each technology was evaluated by 
DOE with regard to its status of development, environ-
mental aspects, economics, and usefulness. 

Limestone Injection Multistage Burners (LIMB) 

Most of the recent work has centered on the use of the 
carbonate (CaCO3), commonly known as limestone, and 
the hydroxide (Ca(OH)2), commonly known as slaked or 
hydrated lime. These sorbents can be injected in a dry 
form into a boiler to capture sulfur dioxide. 

In the report, DOE lists United States efforts currently 
being sponsored by EPA, DOE, EPRI and the private 
sector. Additional work is ongoing in Canada, Austria, 
the Netherlands, West Germany, and France. Projects 
underway range from small scale laboratory studies to 
full scale industrial and utility boiler demonstrations. 

In 1983, DOE sponsored an economic analysis of the 
LIMB concept. A relatively conservative approach was 
taken using limestone as the sorbent for four coals. 
This analysis indicated that total capital costs would 
range from approximately $70 to $106 per kilowatt, and 
the first year annual costs would range from $444 to 
$1,659 per ton of 502. Use of pressure hydrated lime 
as an alternative to limestone has been shown to be a 
technically more effective approach, and studies are 
now underway to see if concurrent economic benefits 
can be realized. 

DOE believes that commercial interest in the LIMB 
technology would be in relation to environmental con-
trol legislation. Based on the current status of tech-
nology development, DOE projects 1990 as the most 
optimistic date for commercialization to be initiated. 
Also, commercial interest will be reduced if technology 
commercialization is delayed either as a result of 
technical dificulties or changes in pollution control 
legislation. 

Dry Discharge and Regenerable Flue Gas 
Desulfurization (FGD) 

This technology consists of two basic approaches to the 
alleviation of the sludge problem encountered by 
aqueous lime/limestone systems: 

S Processes that yield a useable byproduct or a

relatively dry product suitable for landfill dis-
posal. 

S Regenerable processes where the reagent is 
regenerated for reuse and the 302 in the flue 
gas is captured and sold or otherwise disposed 
of in the form of concentrated 1125, s2, 
sulfuric acid, or elemental sulfur. 

System development Is being supported by EPA, TVA, 
the private sector (EPRI, etc.) and DOE. Work on spray 
dryers is currently in the pilot scale stage. Work on the 
fixed bed version of the copper oxide process has been 
terminated. The fluidized bed version has demon-
strated the capability for 90 percent control of both 
NOx and SO,. The electron beam spray dryer proof-of-
concept tests have recently been completed and results 
are currently being evaluated. Work on the N0XS0 
process, which utilizes sodium oxide on alumina, has 
been completed and the process will be scaled up to the 
1,300 standard cubic feet per minute level for further 
work. The SULFX process, which uses an iron sulfide 
slurry, has been tested on a 7,000 cubic feet per minute 
coal fired boiler. 

The cost range for the dry waste FGD processes is 
$1,160 to $2,330 per ton of SO2 for commercial pro-
cesses and potentially $570 to $800 per ton for devel-
opmental processes. The regenerable POD process 
costs range from $400 to $990 per ton of 502, with an 
average of approximately $750 per ton. 

The primary area of commercial interest for this tech-
nology is the coal-fired electric utility sector. The 
industrial sector is a secondary consideration, depend-
ing upon potential amendments to the Clean Air Act, 
according to DOE. 

Advanced Combustors 

DOE's Advanced Combustor Program consists of two 
parts: slagging combustor concepts appropriate for use 
in large industrial and utility applications, and inno-
vative concepts such as pulsed combustion, explosive 
communition, and the wet oxidation of coal. These 
projects are scheduled to be through the proof-of-
concept stage by late 1987 and to produce additional 
improvements by late 1989. 

Current data Indicate advanced slagging combustors 
could be operated within the requirements of the Pro-
posed Industrial NSPS, and that their use on utility 
boilers would contribute greatly to the control of 
particulate, nitrogen and sulfur emissions. The esti-
mated emissions from these installations in pounds per 
million BTUs are: NOx = 0.34 to 0.6; particulates = 
0.05; 50x = 1.2. 

An analysis of the cost using beneficlated coal-water 
mixtures (BCWM) indicates that these combustors will 
be competitive with oil fired equipment in sizes of 
250 million BTU per hour input and greater. However, 
to compete in sizes smaller than 250 million BTU per 
hour, overall costs must be reduced appreciably. 

DOE's analyses indicate that most applications of ad-
vanced combustors will probably be for electricity

- 
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generation and industrial facilities, with lesser use-
fulness in the commercial and residential sectors. 

Atmospheric Fluidized Bed Combustion 

An atmospheric fluidized bed (AFB) boiler is a combus-
tion chamber in which a solid, liquid, and/or gaseous 
fuel together with inert material are kept suspended in 
a combustion chamber through the action of fluidizing 
air distributed below the bed. The fluidized bed com-
bustion process provides emissions control by keeping 
the operating temperatures well below the thermal-
NO, formation point, and by including a suitable sor-
bent as part of the bed material to capture the SO2 
released during combustion. 

Approximately 80 atmospheric fluidized bed (AFB) units 
are in operation in the United States today, and 
18 United States boiler manufacturers are offering 
commercial units for industrial boiler applications. 
However, the technology has not been demonstrated at 
a sufficient scale for utility applications. 

Air emissions of AFB technology based on a significant 
number of operating hours are as follows: NOx = 0.2 to 
0.5; 502 = 0.7 to 1.2 and particulates = 0.01 to 0.05 (all 
in pounds per million BTU5). Coal-fired AFB units of 
approximately 200,000 pounds per hour steam and 
greater are economically competitive with oil and gas 
fired units when capacity factors are high. AFB units 
in the smaller sizes are not economically competitive 
primarily due to larger capital costs and smaller capac-
ity factors. DOE is pursuing advanced concepts and 
special applications to reduce capital costs by 25 to 
30 percent so the small industrial, commercial/institu-
tional and residential markets can be penetrated. 

DOE believes that genuine opportunity exists to dis-
place oil and gas with coal for process steam require-
ments, indirect and direct heating requirements, and 
on-site electric power generation. Candidate sectors 
for AFB technology include the utility, industrial, com-
mercial, and residential areas. 

Pressurized Fluidized Bed Combustion 

Pressurized fluidized bed combustion (PFBC) involves 
the burning of coal in a bed of limestone or dolomite 
inside a furnace operated at elevated pressure. The bed 
material is suspended by the injection of air at the 
bottom of the bed. 

PFBC research is being actively pursued by the United 
States, Great Britian, Sweden, and the Federal Republic 
of Germany (FRG). Industry appears to be moving to 
build prototype systems, and ultimately to commer-
cialization. DOE believes that the technology has 
advanced to the point that most of the problems 
requiring attention are known. 

Estimates of the air emissions of PFBC accumulated 
over a significant number of test hours are as follows: 
sulfur removal = 90 to 98 percent; NO. = 0.5 pounds per 
million BTUs, and particulates = 0.3 pounds per million 
BTUs.

In a DOE report on the PFBC concept, the capital cost 
of a PFBC plant was determined to be $104 per 
kilowatt, or 18 percent lower than a conventional plant. 
The cost of electricity for the PFBC concept would 
have a 10 mils per kilowatt per hour cost advantage 
over a conventional coal-tired plant with flue gas 
desulfurization. 

The greatest potential for PFBC is for utility appli-
cations, according to DOE. 

Advanced Coal Preparation and Cleaning 

Coal preparation may be divided into three categories: 
physical preparation, physical cleaning, and chemical 
cleaning. Physical preparation includes the crushing 
and sizing of coal. Coal cleaning is the treatment of 
as-mined coal to separate extraneous mineral matter 
from the coal. Some of the physical and chemical coal 
cleaning technologies presently supported by DOE are 
true heavy liquid cyclone, froth flotation, selective 
coalescence, and chemical coal cleaning. The end-use 
targets are utility and large industrial boilers, small 
industrial and commercial boilers, residential furnaces, 
and even heat engines such as gas turbines and diesels. 

Typical coal cleaning costs, using today's available 
technologies, range from about $3 per ton to about $12 
per ton of coal cleaned. For advanced physical coal 
cleaning systems, preliminary cost estimates are In the 
range of $12 to $15 per ton of coal cleaned. For 
chemical coal cleaning, some preliminary cost esti-
mates for technologies such as alkali displacement are 
in the range from $40 to $50 per ton of coal cleaned. 

DOE estimates that advanced physical coal cleaning 
will become commercially available by the late 1980s, 
and chemical coal cleaning by the early 1990s; EPRI is 
slightly less optimistic. The potential applications for 
these advanced coal cleaning technologies include es-
sentially the entire United States coal production cap-
acity, with likelihood for usage greatest for the higher 
sulfur- and ash-content coals. 

Alternative Fuels 

Coal-liquid mixtures (CLM) are composed of finely 
pulverized coal (C200 mesh) and a liquid carrier such as 
water and/or alcohol, plus additives for viscosity reduc-
tion and stability enhancement. The mixtures are 
typically 70 percent coal solids, 30 percent or less 
liquid carrier, and 1 percent additional additives. 

There are more than 33 coal-oil-mixtures (COM) and 
coal-water-mixtures (CWM) projects in the United 
States and abroad. Pilot CWM preparation plants have 
been built in Japan, Korea, Italy, Sweden, the United 
Kingdom, and Canada. Commercial CWM preparation 
plants are in-place in Sweden and the United States. 
DOE concludes that state-of-the-art commercial 
CWM's do exist and can be handled, stored, and com-
busted in a technically and environmentally sound man-
ner. 

The emissions data for CWM retrofits (utility and 
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industrial) show that SOx effluents are less than the 
1.2 pounds per million BTU New Source Performance 
Standard (NSPS) requirements for existing utility and 
large capacity (>250 MMBTU per hour) industrial 
boilers. Particulate emissions are low (0.03) for all 
cases using an electrostatic precipitator (ESP). Com-
pliance with sulfur regulations is based on the selection 
of appropriate coals and/or coal cleaning. The level of 
NO emissions from a CWM retrofit is still in question 
altI'ough levels of 300 ppm have been reported. 

In the 75 to 300 megawatts size range, favorable econo-
mics exists for the conversion of existing oil- and gas-
designed units and coal units presently firing oil. How-
ever, gas-fired unit conversions are non-competitive 
commercially. DOE has concluded that the potential 
market areas are: the electric utility; industrial com-
mercial/residential; and heat engines (diesels and tur-
bines). These potential coal-liquid mixture area of 
application constitute 15 to 20 percent of total pre-
mium use in the United States. 

Gas Stream Cleanup 

DOE defines this technology as a departure from con-
ventional state-of-the-art flue gas methods in that the 
cleanup devices must operate in high temperature pres-
surized corrosive environments. Contaminants of con-
cern include: particulates, sulfur compounds, nitrogen 
compounds, alkali, selected trace metals and residual 
hydrocarbons. The primary goal of the flue gas pro-
gram is the protection of advanced power conversion 
system components at minimum cost and maximum 
efficiency. 

DOE programs include testing technologies that can be 
used in conjunction with pressurized fluidized bed com-
bustion, molten carbonate fuel cells, gasification com-
bined cycle system, and direct fired turbines. EPRI's 
program has been directed toward pressurized fluidized 
bed combustor turbine systems. A Japanese consortium 
has concentrated on hot gas cleanup for coal gasifi-
cation combined cycle systems. 

Economics of hot gas cleanup are dependent on the 
associated technology. For gasification combined cycle 
systems, DOE estimates the cost of electricity to be 
67 mils per KWH for hot gas cleanup versus 74 mils per 
KWH for conventional cold gas cleanup. A savings of as 
much as 3.1 mils per KWH was estimated for new hot 
gas cleanup technologies over state-of-the-art cyclones 
when used with PFBC. A 10 percent cost reduction is 
estimated for molten carbonate fuel cells. 

DOE believes that the "heart" of advanced power 
conversion systems depends on commercialization of 
hot gas cleanup. 

Surface Coal Gasification 

Coal gasification can produce a wide range of alternate
energy products. Gasification with air results in a low 

.s, while gasification with oxygen results in a 
BTU gas. Medium BTU gas can be processed
to produce a synthetic natural gas (SNG) or a

feedstock for chemical synthesis processes. Generic 
gasifier reactor types include fixed-bed, fluidized-bed, 
and entrained flow gasifiers. Some gasifiers, such as 
the Lurgi, Koppers-Totzck, and Texaco are considered 
commercially available and ready for industrial use. 
Other gasification processes such as the British Gas 
Corporation/Lurgi Stagger, Westinghouse and U-Gas 
Fluidized-Bed Agglomerating Ash, Shell's Entrained 
Flow, and Allis Chalmers KILnGAS gasifiers are ready 
for large scale demonstration. 

Coal gasification processes have demonstrated capabil-
ities of converting high sulfur coal into a sulfur free 
fuel gas. In general, 99 percent sulfur capture is 
possible. Nitrogen oxides (NOx) are not formed to any 
appreciable extent during coal gasification, but com-
bustion of the gas could result in NOx formation. 
Combustion for low and medium BTU gas in combined-
cycle plants results in significantly lower NOx emis-
sions than the direct combustion of coal. Although 
liquid effluents depend greatly on the type of gasifi-
cation process selected, systems for gasification pro-
cesses have been designed that meet all local and 
federal requirements, and zero effluent discharge. 
Solid wastes generated during gasification are com-
paratively inert 

Because the economics associated with the gasification 
of coal can vary widely, DOE quotes several recent 
study results that indicate a range of costs. Two rather 
complete cost estimates recently prepared by the Elec-
tric Power Research Institute estimate the cost of two 
different medium-BTU coal gasification technologies as 
follows: $4.81 per million BTU for a Texaco plant and 
$6.01 per million BTU for a Lurgi plant. Studies by 
Foster Wheeler and by C. F. Braun Company produced 
the following estimates: $5.92 and $5.66 per million 
BTU, respectively. 

Two case studies for projecting the cost of low-BTU gas 
were evaluated by DOE. The production costs for a raw 
gas and a cold clean gas, neglecting the cost of capital, 
show that the gas costs are $2.70 per million BTU for 
raw low-BTU gas and $3.19 for cold clean low-BTU gas, 
in 1982 dollars. Future fuel savings based on substi-
tuting residual oil indicate that the hot raw gas plant 
returns its investment in less than two years and the 
cold clean gas plant in four years. Assuming a five year 
tax depreciation, a 50 percent income tax rate and an 
allowance for investment tax credit over the period of 
the operating life, the plants would return 48 and 
27 percent after tax discounted cash flow rates of 
return on the total unleveraged investment. In general, 
the selling cost of low-BTU gas are weighted as follows: 

Operating Cost	 10% 
Investment Costs	 35% 
Coat Costs	 55% 

DOE's assessment indicates that several market sectors 
could benefit from the introduction of medium-BTU gas 
into the marketplace: the industrial fuel gas market, 
coal gasification combined cycles for electric power 
production, and conversion into chemical feedstocks 
and methanol. 

Low-BTU gas will be used as an industrial fuel and in

- 
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coal gasification combined cycle power generation. 
However, DOE believes that the high-BTU gas (Syn-
thetic Natural Gas) market is further away even though 
the first commercial plant Is in operation. 

Fuel Cells 

A fuel cell is a direct energy conversion device that 
converts the chemical energy in the feedstock to elec-
tricity and heat without intermediate energy conversion 
equipment (burners, boilers, expanders, and generators). 
A fuel cell resembles a battery that continues to 
provide power so long as it is supplied with air and fuel. 
Fuel cell power plants normally have three major 
sections: the fuel processing section (such as a coal 
gasifier with gas cleanup devices), the power generation 
section (containing the fuel cell stacks), and the power 
processing section (which converts the dc electrical 
power from the cell stacks into regulated ac electrical 
power). 

Fuel cells are classified according to the type of 
electrolyte and the temperature of operation. The 
phosphoric acid electrolyte fuel cell is the closest to 
commercial reality. DOE believes that the more ad-
vanced molten carbonate and solid oxide systems are 
five to ten years behind phosphoric acid systems in the 
development cycle, but offer potential advantages of 
higher system efficiencies, higher quality co-product 
heat and less complex fuel processing. 

The fuel cell produces no measurable nitrogen oxides 
and tolerates little sulfur or particulates in the incom-
ing fuel steam. Integration of a fuel cell with a coal 
gasifier and gas cleanup equipment is expected to 
produce somewhat less atmospheric pollution than oper-
ation of the gasifier and gas cleanup equipment alone. 

Target installed capital costs of $1,400 to $1,500 per 
kilowatts for large, mass produced phosphoric acid fuel 
cell power plants including integrated coal gasifiers are 
considered achievable by fuel cell developers. If these 
capital costs are achieved, thirty year levelized cost 
projections of electricity generated from coal by fuel 
cells may range from 50 to 70 mils per KWH. 

DOE expects to see the earliest applications of fuel 
cells in the electric utility power generation sector 
using natural gas or distillate fuels. Fuel cell plants 
operating on coal are expected to expand the potential 
market to base load power generation applications. A 
second area of fuel cell application is the residential 
and commercial sector, but direct integration with a 
coal gasifier seems unlikely. 

Coal-Fired Gas Turbine Engines 

The gas turbine engine converts part of the energy of a 
hot gas stream to shaft horsepower. Excess thermal 
energy can be used directly in industrial processing 
(cogeneration) or to generate additional electricity 
through a steam turbogenerator "bottoming" cycle 
(combined-cycle). 

The direct firing of coal in gas turbines was attempted

in the 1950s and 1960s mainly in the United States and 
Australia, but inability to solve serious erosion, corro-
sion, and ash deposition problems forced abandonment 
of these efforts. 

DOE expects that gas turbine power systems based upon 
coal fuels can meet environmental emission regulations 
present or future. 

By the turn of the century the cost of turbine distillate 
fuels is projected to be nearly $13.00 per million BTU, 
whereas a coal derived gas turbine fuel is in the $5 to 
$7 range (roughly three to four times the raw coal 
cost). The gas turbine is particularly well suited for 
emergency power startup, stand-by power require-
ments, size, capital cost, procurement time, opera-
tional flexibility, and system adaptability. Because of 
these characteristics, gas turbines are selected by utili-
ties and industry for new peak power generation, com-
bined cycle, and cogeneration capacity during the 1960s 
and 1970s. 

Coal-Fired Diesel Engines 

The diesel engine can use heavier petroleum distillates, 
natural or medium-BTU gas, or liquid fuels derived 
from coal or oil shale. Because of long range cost and 
supply uncertainties concerning coat liquefaction, the 
DOE program looks beyond these synfuel-based efforts 
to the availability of new coal fuel forms. The current 
DOE program has not progressed beyond preliminary 
test evaluation and concurrent benchscaie research on 
combustion characteristics, fuel injection, and compo-
nent wear. 

Diesel fuel is projected to cost about $13.27 per million 
BTU in 2000. If an acceptable coal fuel is developed 
which sells at $6.00 per million BTU ($4.24 for process-
ing plus profit), users would save about $17 billion in 
2000. 

DOE believes that market acceptance of economically 
superior coal-fueled diesels would be rapid. 

Coal-Fired Magnetohydrodynamies 

Magnetohydrodynamic power generation (MUD) is a 
method for the direct conversion of thermal energy to 
electric energy. In an MMD process, an electrically 
conducting fluid flowing through a magnetic field ori-
ented perpendicular to the now produces a voltage 
which can drive a current through electrodes and an 
external load. 

Two MMD units are operated in the United States. The 
Component Development and Integration Facility 
(CDIF) in Butte, Montana, has produced DC electric 
power in an MMD generator at levels up to 2.0 mega-
watts. The Coal Fired Flow Facility (CFFF) in Tulla-
homa, Tennessee has demonstrated NOx and 50x con-
trol in MMD systems at the 28 megawatts thermal 
level. MMD R&D activities are underway in a number 
of foreign countries. However, with the possible excep-
tion of the Soviet Union, foreign MMD activities are on 
a much smaller scale than those in the United States. 
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A number of studies have been conducted which predict 
that SO, and NOx emission levels from an open cycle 
MMD plant could potentially meet existing EPA emis-
sion standards without requiring significant, if any, 
additional coal preparation or stack gas cleanup. 

DOE estimates of the cost of electricity (COE) for a 
conventional plant is 50.7 mils per KWH, compared to a 
COE of 46.5 mils per KWH for open cycle MUD. 

DOE expects that the potential of open cycle MMD 
power as electric utility systems might develop in 2000 
to 2020. 

Direct Coal Liquefaction 

Direct liquefaction converts coal directly to liquid 
components at elevated temperatures and pressures and 
almost always in a liquid phase system containing 
powdered coal and a process derived pasting solvent. 
The major potential advantages of direct liquefaction 
are high thermal efficiency and high liquid product 
yield. The principal disadvantages stem from the 
severe operating conditions and the high degree of 
integration among process steps. The products make 
high quality motor gasoline, but may contain significant 
quantities of heteroatoms which must be removed. 

Direct liquefaction technology began in Germany in the 
early 1900s with the development of the Bergius "de-
tructive hydrogenation" process. Starting in the 1970s 

a substantial effort, principally by the United States, 
West Germany, and Japan, has been made to develop 
improved second generation direct liquefaction tech-
nology. Precommercial activities by DOE have resulted 
in operation of two large (200-250 TID) direct lique-
faction pilot plants (H-Coal and EDS) and partial de-
signs of two demonstration plants (SRC-! and SRC-4I). 
The DOE program in direct liquefaction has been re-
focused since fiscal year 1982 on longer range research 
on advanced process concepts conducted primarily at 
the bench scale including research in staged lique-
faction process concepts, improved catalyst develop-
ment and evaluation, and exploratory advanced process 
development. A new initiative in co-processing of coal 
with residual petroleum was started in fiscal year 1984. 

DOE has determined that direct coal liquefaction pro-
cesses can probably be operated in an environmentally 
acceptable manner at commercial scale. The products 
of coal liquefaction can be made to contain essentially 
no particulate material and have low heteratom content 
(sulfur and nitrogen). In short, the introduction of coal 
derived liquids should introduce no substantial adverse 
environment impacts. 

Because the economics of direct coal liquefaction are 
difficult to quantify accurately, DOE provides a range 
of $55 to $75 per barrel in 1983 prices. Based on these 
projections, DOE concludes that direct coal liquefac-
tion could be economically viable by the turn of the 
century. Successful research and development to lower 
the cost of coal liquids by $5 to $10 per barrel could 
result in commercialization by the mid-1990s. 

All major liquid fuels in use in the United States can be

produced from a wide range of domestic coal resource 
types through coal liquefaction. The advantage of 
direct substitution of coal derived liquids for petroleum 
derived liquids is an important element in the coal 
liquefaction strategy. 

Indirect Liquefaction 

Indirect liquefaction is the technology by which carbon-
aceous solid feedstocks are converted first to synthesis 
gas (carbon monoxide and hydrogen) and then to liquid 
products. Current and potential uses of indirect lique-
faction technology are principally in two broad mar-
kets: chemicals and fuels. 

DOE's Report lists several commercial and near-com-
mercial technologies that could utilize synthesis gas as 
follows: 

• International Chemical Industries commercial 
methanol synthesis process 

• Lurgi commercial methanol synthesis process 

• Chem-System liquid phase methanol synthesis 

• Mobil fluid bed methanol-to-gasoline (MTG) 
process (also methanol-to-olefins) 

• BASF (Germany) methanol-to-olefins process 

• Mobil fixed bed MTG process 

• Sasol (South Africa) Fischer Tropsch facility 

• Tennessee Eastman chemicals from coal facil-
ity. 

• New Zealand MTG facility. 

Generally, all catalytic synthesis gas processes require 
almost complete removal of impurities such as sulfur 
compounds because they are catalyst poisons. Tech-
nologies are commercially available to remove coal 
gasification impurities or byproducts such as CO2, 
sulfur compounds, chloride compounds, nitrogen com-
pounds, tars and oils and particulate matter. 

Coal-based synthesis gas involves a low cost feedstock 
and large capital investment (10 to 80 percent capital 
related and only 10 to 20 percent feedstock cost re-
lated). Natural gas based synthesis gas involves a 
premium price feedstock and relatively low capital 
investment (30 to 40 percent capital related, but 50 to 
80 percent feedstock cost related). The capital Inten-
sive production of synthesis gas for indirect coal lique-
faction is not perceived by industry to be economically 
attractive at today's prices. However, DOE points out 
that moderate escalation assumptions for oil and gas 
prices make production from coal more attractive. 

DOE's analysis found that about 50 percent of United 
States energy consumption occurs in the form of liquid 
fuels that can be produced from coal by indirect 
liquefaction technology. The conversion of coal to 
chemicals through indirect liquefaction processing pro-
vides a substitute avenue to current petroleum-based 
routes. However, many applications for synthesis gas 
appear to depend upon the development of new 
catalysts to achieve more selective synthesis reactions.

- 
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Underground Coal Gasification 

In underground coal gasification (0CC) coal is gasified 
by burning in place in the underground seam. The basic 
0CC process consists of drilling holes from the surface 
into an underground coal seam and creating a flow path 
through the seam by any of several means such as: dir-
ectional drilling, hydraulic fracturing, electrolinking, or 
reverse combustion. Linking is followed by ignition of 
the coal and propagation of a combustion/gasification 
zone through the coal seam from the injection to the 
production well. Offgases produced consist primarily of 
carbon monoxide, carbon dioxide, hydrogen, methane, 
and small amounts of higher hydrocarbons. The product 
gas can either be burned directly to provide process 
heat or to generate electric power, or it can serve as 
the feedstock for a chemical plant to make a variety of 
products. 

Over a dozen 0CC field tests have been operated in the 
DOE program. These tests have been accompanied by a 
high level of supporting research and modeling. At the 
present time, industry and the DOE are planning a cost-
shared field test in the area of Centralia, Washington, 
to test the further development of an advanced Ignition 
and control technique. DOE is also continuing a major 
effort in the areas of environmental mitigation and 
aquifer restoration. Field testing of UCG in the United 
States over the past dozen years has moved the techno-
logy so that the next logical step is a large scale, long-
term field test with the operation of parallel rows, 
interacting-modules, and the relaying of a reaction 
zone across a coal field. 

Underground coal gasification is carried out in a re-
ducing atmosphere, thus causing the sulfur in the coal 
to be produced as hydrogen sulfide, which can be easily 
handled by current state-of-the-art sulfur removal sys-
tems. Most environmental questions regarding 0CC 
relate to potential pollution of groundwater. Prelimi-
nary results relative to groundwater hydrology, pollu-
tion migration, mitigation measures, and suggested 
cleanup scenarios will be available in the next two 
years. 

The costs of the 0CC products determined by DOE are 
as follows: (1) synthetic natural gas well below the cost 
of imported gas; (2) synthesis gas at about one half the 
cost of synthesis gas from natural gas; and (3) SNC at 
costs 20 to 40 percent less than from a slogging Lurgi. 
In 1984 dollars, 0CC cost projections show chemical 
feedstock gas at $3 to $4 per thousand ETU and SNC at 
$4 to $5 per thousand standard cubic foot. 

The product slate expected from 0CC can be varied to 
meet the local needs. DOE expects the first use to be 
for industrial heat or electric power generation until 
the UCG process has been demonstrated. The next 
usage will probably be for low cost chemical synthesis 
gas for conversion to a suite of products such as 
ammonia, SNG, methanol, or others. The modular 
nature of the process and the relatively low capital 
requirements for a commercial plant should allow rapid 
development of the process in a number of areas with 
plant size matched to the local market need.

SFC SOLICITATION FOR COAL-WATER FUEL 
PROJECTS ENDS WITHOUT ANY AWARDS 

On July 16, 1985 the Board of Directors of the United 
States Synthetic Fuels Corporation cancelled the utility 
portion of the coal-water fuel solicitation that was 
formally issued in January 1984. Eleven projects were 
submitted in response to the solicitation. (See page 
4-11 of the December 1983 issue of the Pace Synthetic 
Fuels Report for a description of the terms of the 
solicitation.) 

The solicitation originally intended to make awards in 
two categories: projects that produce coal-water fuels 
for Industrial users and projects for utility customers. 
However, as described on page 4-9 of the March 1985 
issue, the SFC Board cancelled the Industrial portion of 
the solicitation on January 15, 1985. 

By now cancelling the utility portion of the solicitation, 
the SFC dropped the remaining four coal-water fuel 
projects that were under consideration. These projects 
are Hillsborough Bay, Port Sutton, Mobile-Utility, and 
Savannah-Utility. Hence, the coal-water fuel solicita-
tion ended without any awards of SFC financial assist-
ance. 
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ENERGY POLICY AND FORECASTS 

CONGRESS STUDIES BARRIERS TO 
INCREASED COAL UTILIZATION 

A staff report prepared by the Subcommittee on Fossil 
and Synthetic Fuels of the Committee on Energy and 
Commerce, United States House of Representatives, 
dated May, 1985, addresses barriers to increased coat 
utilization. The report concludes that the production of 
synthetic fuels is potentially a very large market for 
coal. However, this market is unlikely to be of 
significance in this century because of the higher costs 
of synfuels relative to conventional fuels. 

The constraints to coal utilization are seen to be the 
environmental constraints. Potential environmental ef-
fects are associated with almost every stage of the fuel 
cycle; but it is the gaseous and particulate pollutants 
released during combustion which are of most concern. 

The Clean Air Act has been successful in reducing 
sulfur dioxide emissions by 17 percent between 1915 
and 1982, and total particulate emissions by about 
27 percent. Even more significant is the difference 
between current pollution levels and those that would 
have occurred without the Clean Air Act. 

Despite these improvements, there are two air pollution 
issues which could prove to be major barriers to in-
creased coal utilization: acid rain and the greenhouse 
effect. 

Acid Rain 

The report notes that in some heavily industrialized 
areas of the Northeast, rainfall is significantly more 
acidic than would be expected on the basis of the 
acidity of rain in remote areas. The greater acidity Is 
attributed primarily to sulfur and nitrogen oxides pro-
duced by the combustion of fossil fuels. 

Although globally about 60 percent of the sulfur oxides 
in the atmosphere are the result of natural sources, in 
heavily Industrialized areas as much as 90 percent Is 
due to man-made sources and about two-thirds of that 
is from coal. Man-made emissions are also the major 
source of nitrogen oxides in such areas, but contribute 
only about 30 percent of the total. 

There Is circumstantial evidence that acid disposition is 
an important factor in acidification of vulnerable aqua-
tic ecosystems, the degradation of structural materials, 
and forest dieback and decline. Numerous studies have 
been carried out, and most agree that air pollution is a 
prime suspect, but the role of acid deposition has not 
been clearly established. The relationship between 
specific source regions and distant receptor sites is also 
uncertain. 

The problem in the United States is primarily related to 
existing electric utility plants burning high-sulfur coal. 
New units must meet New Source Performance Stan-
dards (NSPS) mandated by the Clean Air Act.

The only options currently available for further reduc-
tions in sulfur dioxide emissions are switching to lower 
sulfur coals, physical cleaning, scrubbing, and envir-
onmental dispatching (using the most polluting gen-
erating units the least). 

Greenhouse Effect 

The greenhouse effect is a natural phenomenon that 
plays an important role in regulating the temperature 
of the Earth. "Greenhouse gases" present in the atmos-
phere transmit incoming radiation from the sun, but 
absorb the longer wavelength radiation emitted from 
the Earth's surface. The major greenhouse gases are 
carbon dioxide and water. 

The concentration of carbon dioxide in the atmosphere 
has varied over the ages, but prior to the Industrial 
Revolution it appears to have been 260 to 280 ppm. 
Currently it is about 340 ppm and Is increasing at a rate 
of about 0.4 percent per year. Combustion of fossil 
fuels appears to be the major man-made source of 
carbon dioxide at present. 

A doubling of the concentration of carbon dioxide above 
pee-industrial levels could make the Earth warmer than 
it has been in hundreds of thousands of years, resulting 
in regional changes In temperature, rainfall, storm 
activity, evaporation and soil moisture. The only known 
mitigation technique would be Draconian measures to 
restrict the use of fossil fuels. 

Synthetic Fuels 

The report notes that gasification technology is cur-
rently in the demonstration phase. The data base for 
such systems should be sufficient for decisions re-
garding commercial-scale applications In the late 
eighties or early nineties. Market penetration, how- 
ever, will be determined by the price of competing 
fuels—oil and gas. LBO is likely to be the first coal-
derived synfuel to become commercially available be-
cause of its lower cost. 

Integration of coal gasification and combined-cycle 
power plants permits optimal use of heat, resulting in a 
high thermal efficiency. Because essentially all of the 
impurities are removed during gasification, the IGCC 
plant can exhibit atmospheric emissions comparable to 
a combined-cycle plant burning natural gas. 

Capital costs for 1(3CC are projected to be as high or 
slightly higher than those for conventional coal-fired 
plants with scrubbers, but because of lower operation 
and maintenance costs, the cost of electricity is esti-
mated to be about 10 percent lower. Units are ex-
pected to be cost effective on the scale of a few 
hundred megawatts. IGCC plants should be a com-
mercial option for utility decisions in the late eighties 
or early nineties. 

With respect to liquefaction, it is pointed out that two 
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direct liquefaction processes, SOS (Exxon Donor Sol-
vent) and H-Coal, have been operated at the 200 
to 300 tons per day level; and both are now available 
for licensing. Neither technology is, however, presently 
capable of producing fuels that are economically com-
petitive with conventional liquid fuel. 

Currently, two-stage liquefaction ('181.) appears to be 
the most promising approach for direct liquefaction. 
Two-stage processes are unlikely to reach commercial 
status until the mid- to late nineties. 

As is the case with other synthetic fuels, market 
penetration will be determined primarily by their cost 
vis-a-vis conventional petroleum fuels. The staff be-
lieves that liquid synfuels from coal are currently about 
three to four times more expensive than crude oils. 

Thus, although synthetic fuels is potentially a very 
large market for coal, It is unlikely to be of signifi-
cance in this century. 

In recent years—as the cost of energy and conventional 
hydrocarbon feedstock have risen—new production and 
investment have begun to shift toward hydrocarbon-rich 
countries. Because many of these countries have 
limited domestic markets, most of their output will 
enter the export market. Production of primary and 
intermediate petrochemicals—as opposed to final 
products is an especially attractive option for 
countries with remote natural gas. The availability of 
such abundant and inexpensive petrochemical feed-
stocks will delay use of coal for that purpose If matters 
are left to the marketplace. 

Figure 1 presents the Subcommittee's estimate of the 
costs of various synthetic fuels. 

The report states that a number of small gasifiers (50-
100 tons per day) are currently being used in industry, 
and the University of Minnesota has been using LBG 
from coal to fire the boilers of its Duluth Campus since 
1919. LBG is likely to be the first coal-derived synfuel 
to penetrate utility and industrial markets because it 
appears to be the most cost competitive with conven-
tional fossil fuels (Figure i).
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Gas from coal Is also presently being used on a small 
scale as a feedstock for the production of chemicals. 
The only commercial scale chemical plant In the United 
States that currently uses syngas from coal Is the 
Eastman facility at Kingsport, Tennessee. It converts 
900 tons per day of high-sulfur coal Into syngas for 
production of acetic anhydride and methanol. Eco-
nomic data are proprietary, but the operation appears 
to be a success. 

Until prices of conventional fuels rise significantly 
above current levels, synthetic fuels—with the possible 
exception of 1.50—wil1 not be economically viable. 

Integrated gasification/combined cycle (16CC) is dis-
tinctive from other gasification applications and Is 
economically and environmentally attractive as noted 
earlier. Units are expected to be cost effective on the 
scale of a few hundred megawatts—a very attractive 
feature for utilities facing uncertain load growth and/or 
difficulties in raising capital. 

Although a variety of liquid fuels can be produced from 
coal, neat methanol Is considered by some to be the 
best option for transportation fuel. The case for 
methanol as an automotive fuel was presented in a 
recent staff report by this Subcommittee published in 
February 1984. 

Methanol is also a good fuel for stationary sources such 
as boilers and combustion turbines, but that market will 
be more difficult to penetrate because of the signifi-
cant cost advantage enjoyed by the fuels currently In 
use. 

Methanol can be synthesized from a variety of feed-
stocks, but for the near term, remote natural gas is the 
most economic. Ultimately, the subcommittee feels 
that coal should become the feedstock of choice for a 
large-scale methanol industry. 
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ECONOMICS 

FRENCH STUDY FINDS UCG ECONOMICAL 
FOR WESTERN EUROPE 

Since 1977, the Groupe d'Etude de is Gazeification 
Souterraine du Charbon (GEGS) has carried out research 
on technical and economic feasibility of underground 
coal gasification. The GEGS is formed by: Bureau de 
Recherehes Geologiques at Minieres, Charbonnages de 
France, Gaz de France, and Institut Francais du 
Petrole. This project is supported by the European 
Economic Community. A paper given by D. Champion 
at the 11th Underground Coat Gasification Symposium 
in Denver, Colorado presented a current cost estima-
tion. His results showed that UCG in thick seams (10 to 
15 meters) at intermediate depths (500 to 600 meters) 
is economic within the European conditions. 

The methodology chosen for the study was based on an 
underground gasifier made up of a doublet of wells, 
with one for injection and one for production, linked to 
each other by a drilled horizontal drain hole. The 
number of doublets exploited simultaneously is varied 
to provide the desired amount of gas to be processed on 
the surface. 

Gas Composition 

The gas composition considered at the outlet of the 
underground reactor (dry gas) is characterized by a 
hydrogen/carbon monoxide ratio of between 0.7 and 1. 
It was assumed that there was no water influx into the 
reactor. 

Size of Installations 

The amount of coal gasified is 2,640 tons per day, i.e., 
slightly less than 1 million tons per year per production 
line. From the economic standpoint, this size was 
found to be optimal. To gasify this amount of coal, 
2,160 tons per day of oxygen and 1,221 tons per day of 
steam would have to be injected. 

Processing and Use of Gas 

The study considers four different processing options: 

• Simple scrubbing and desulfurization of the 
produced gas. The higher heating value (HHV) 
of this medium BTU gas is 318 BTU per stand-
ard cubic foot. 

• Making a synthesis gas (lillY = 320 BTU per 
standard cubic foot) for sale. 

• Converting the synthesis gas to methanol. 

• Methanation to produce synthetic natural gas 
(HHV = 931 BTU per standard cubic foot).

Underground Parameters 

The depth considered is 1,800 feet and the thickness of 
the coal seam is between 15 and 65 feet. The configur-
ation of the doublet involves a horizontal borehole up to 
650 feet long. A second configuration was considered 
with the coal situated at a depth of 3,300 feet. 

The amount of coal that can be recovered between two 
wells separated by a distance I. is written as Q = tL2Ep, 
in which p is the amount of coal per unit volume, E is 
the thickness of the seam, and t is a coefficient that 
decreases with the length: 

Length of Drilled 
Drain Hole	 Coefficient t 

(feet) 

650 0.3 
500 0.4 
325 0.5 
200 0.6 
100 0.6

Economic Results 

The different investments and operating costs were 
estimated on the basis of typical conditions in Western 
Europe (Tables 1 through 3). 

The results for medium BTU gas, methanol, and 8MG 
are given in Figures 1 through 3. 

The total production cost breaks down Into: 

• Co = cost of surface installations 
• Cl = cost of drilling and completion. 

TABLE 1

DRILLING COST

DeviatedDeviated 
Inter- Inter-

	

Hori-	 Hori- ception caption 
Type of Borehole	 zontal	 zontal	 Well	 Well 

Depth (feet)	 3,300	 1,800	 3,300	 1,800 
Length of Ron-	 650	 650	 -	 -

zontal Drain 
Hole (Feet) 

Total Drilling	 1.1	 0.75	 0.70	 0.50
Cost (MM$) 
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TABLE 2

INVESTMENTS FOR SURFACE INSTALLATIONS 

Production 
Production Systems	 Capacity	 Investments 

(MM$) 

Medium BTU Gas (HH y = 4.02 x 106	 115 
318 BTU/SCF) Sm3/d 

Synthesis Gas(H 2 /CO 3.9 x 106	 156 
2.25, HHV = 320 Sm3/d 
BTIJ/SCF) 

Methanol Synthesis 1,635 tld	 193 

Methanation (lily = 1.12 x 106	 168 
931 BTU/SCF) Sm3/d 

TABLE 3 

BREAKDOWN OF PRODUCTION COST
(Average Case) 

Installations 
Production Systems Underground Surface 

(%) (%) 

Medium BTU Gas 60 40 
Synthesis Gas 40 60 
Methanol 30 70 
SNG 20 80

On each graph the production cost is given as a function 
of the amount of coal Q recovered per doublet. The 
lower part of each figure transposes this parameter Q 
for the thickness of the coal seam and length of the 
drilled drain hole. For the drain hole lengths con-
sidered, i.e., 200 to 700 feet, the maximum difference 
in the cost of horizontal drilling is 6 percent in the 
total cost of the doublet and less than 3 percent in the 
total production cost. For simplification, Figures 1 
through 3 are based on an average drain hole cost which 
corresponds to a drain hole length of 450 feet. 

A great many factors, such as taxation, transportation 
costs, geographic conditions, local opportunities, etc., 
are absent from this analysis. The approach used is 
thus a very approximate one. It was considered that 
the level of profitable operation for the different types 
of gas would be a production cost between $4.5 and $6.0 
per million BTU, and that it would be $170 per ton for 
methanol (Western Europe conditions).

The first conclusion reached from Figures 1 through 3 is 
that for each system there are always profitable cases. 

In the case of medium BTU gas (Figure 1), the results 
obtained are favorable. The operation can be consid-
ered to be profitable for the gasification of between 
20,000 and 30,000 tonnes per doublet. If these figures 
are expressed in terms of drilled drain hole length and 
seam thickness, the chart underneath Figure 1 thus 
gives a horizontal drain hole length of about 200 feet in 
a coal seam about 30 feet thick. 
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Methanol synthesis (Figure 2), requires 30,000 to 
40,000 tonnes of coal to be gasified per doublet, or a 
drilled drain hole length of between 230 and 260 feet, 
for a seam thickness between 30 and 50 feet. 

Figure 3 gives the production cost in the case of gas 
methanation. For a market level of $4.5 per million 
BTU, there is no profitable case. However, for a level 
of $5.7 per million BTU, some configurations may be of 
interest. The amount of coal to be gasified should be at 
least 60,000 to 70,000 tonnes, which could correspond 
to a drilled drain hole length of about 330 feet in a coal 
seam about 30 feet thick. 

FIGURE 3 

PRODUCTION COST OF SNG

IN WESTERN EUROPE

example), the variation in the production cost between 
1,800 and 3,300 feet depth is not significant: only about 
10 percent. For a low amount of gasified coal (20,000 
to 30,000 tonnes), the differences in the production cost 
are greater, i.e., about 30 to 40 percent. 

The number of doublets consumed per year for the 
economic cases will vary between 10 and 30, and the 
number of drilling rigs used full time during the year 
varies between 2 and 5. 

In conclusion, this study shows that the underground 
gasification of thick coal seams (30 to 50 feet) at 
intermediate depths (1,500 to 2,000 feet) can be profit-
able for European conditions. However, the length of 
the horizontal drain hole must be greater than 200 to 
230 feet, and the amount of coal recovered per doublet 
must be greater than 30,000 tonnes (depending on the 
thickness of the seam). 

Deoth

Cost of surface 
CO installations 

For each system considered, the cost of the surface 
installations (Co) is preponderant in the total produc-
tion cost (Table 3). 

Most of the cost of these surface installations is in the 
basic investments and expenses for utilities, i.e., for 
electricity consumption. These two items by them-
selves account for 75 percent of the cost of the surface 
installations. 

Concerning the size of surface installations, the basic 
assumption involves 1 million tonnes per year of coal 
gasified. A second case considered a reduction by one- 
half in the size of these installations, i.e., 0.5 million 
tonnes per year. Decreasing the size of the installa-
tions by one-half caused an increase of only about 15 to 
25 percent in the production cost. Therefore, the size 
of the installations is not an essential economic factor. 

The cost of the horizontal well is dependent on the 
total length drilled and hence on the depth of the coal 
seam. However, since the preponderant item in the 
production cost remains the cost of the surface install-
ations, it appears that, for large amounts of coal 
gasified per doublet (more than 100,000 tonnes for
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TECHNOLOGY 

SYNERGISM POSSIBLE FOR BUILDING AN EDS 
MODULE AT AN EXISTING POWER PLANT 

The Exxon Donor Solvent (EDS) process is a direct coal 
liquefaction process which has been developed to a 
state of readiness for future commercial application. A 
paper deliverd to the EPRI Conference on Coal Gasifi-
cation and Synthetic Fuels for Power Generation dis-
cussed how the construction and operation of modular 
pioneer plants can provide the learning curve needed to 
improve the economics of a synthetic fuels industry. 
EDS is ready for such an application, and some syner-
gism is possible in tying a pioneer EDS plant to existing 
power generation facilities. 

A full-scale EDS commercial plant is one we might 
expect to see when synthetic fuels provide a significant 
portion of the United States or world energy supply. 

For example, the commercial scale Wyoming coal de-
sign, performed as part of the EDS Project, converts 
25,000 tons per day of dry coal feed into 70,000 barrels 
per day of liquid products and 62 G BTU per day of high 
BTU gas. The direct investment cost for the plant, in 
1982 dollars, was estimated by Exxon at 3.1 0 dollars. 

This investment represents the projected cost for a 
pioneer EDS coal liquefaction plant—the first commer-
cial scale venture of its kind. A significant learning 
curve effect with future cost saving potential should 
result from operation of a pioneer plant. The invest-
ment for the pioneer plant typically represents the peak 
cost for developing technologies, and future applica-
tions can lower the investment requirement per barrel 
of product. Cost reductions for mature plants are made 
possible by improved integration of the operating units, 
optimization of reaction conditions for conversion, 
identification and removal of bottleneck areas, and 
improved experience with project planning and con-
struction scheduling of similar plants. 

To achieve these learnings, the pioneer plant need not 
be a full-scale operation. In fact, recent reactor 
optimization studies have shown that a full-scale plant 
would typically consist of eight parallel liquefaction 
trains or modules. Even if the module were only one-
eighth the size of a full-scale plant, the liquefaction 
train itself would consist of full-size commercial equip-
ment. Modular design allows for achieving the learning 
curve advantages of a first plant with minimum capital 
exposure. Of course, product cost, on a unit basis, 
would increase but this could be offset by savings in 
future plants by incorporating the pioneer plant learn-
ings. As a liquefaction plant is a large utility con-
sumer, additional investment savings could be realized 
if the modular plant were constructed where it could be 
an incremental user of existing facilities. 

Exxon noted that a reasonable location for a pioneer, 
modular, liquefaction plant would be near a large 
industrial complex, such as an existing power genera-
tion facility, where some synergism is possible by tying 
into the power plant as a utility supplier. Possible ties 
are shown in Figure 1.	 Similar utility/fuel sharing

FIGURE I 

EDS PLANT 

TIED TO AN EXISTING POWER FACILITY 

EQS PROVIDES CLEAN FUELS (GAS. LIQUID. SOLID) 
AND/ON GASIFIER PEED STOCK 

POWER PLANT SUPPLIES ELECTRICITY, STEAM, COAL 

schemes have been established between power plants 
and nearby petroleum refineries. 

First, significant savings in feedstock receipt and pre-
paration could be realized if the liquefaction plant were 
an incremental user of the power plant's coal supply. 
(A one-eighth sized plant processes about 3,000 tons per 
day of coal.) Obviously, the liquefaction plant would 
receive power from the power plant, but it could also 
receive its steam supply if power Is generated in a 
suitable mode of operation. 

In return, the liquefaction plant could supply the power 
plant with clean fuels—gas, liquid, and solid bottoms. 
Of course, the EDS plant requires a hydrogen supply, 
which would most likely be generated via gasification 
of bottoms and/or coal. Excess gasifier product could 
be used in the power plant, or the power plant might 
already have integrated gasifiers, which may supply the 
syngas. Because so many sharing possibillities are 
available, Exxon concludes that a power plant may be 
an excellent candidate to support an early EDS module. 

KERR-McGEE FINDS CO-PROCESSING OF 
COAL AND BITUMEN PROMISING 

In a paper presented at the tenth annual EPRI Contrac-
tors' Conference April 23-25, 1985, D. E. Rhodes stat-
ed that the 0.2 ton per day integrated coal liquefaction 
bench-scale unit at Kerr-McGee Corporation's Cimar-
ron facility has been used to make several runs to 
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compare both coal and bitumen-coal liquefaction pro-
cess configurations. Two bituminous coals, Illinois 
No. 6 and Ohio No. 5, and one bitumen residual from 
the Cold Lake area of Alberta, Canada, were used as 
feedstock materials. The compositions are given in 
Table 1.

TABLE I 

COMPOSITIONS OF liQUEFACTION rszrocxs 

Bench-scale Rtms	 41, 47	 46	 46 

Peethtocic	 Coal	 Coal	 Bitumen 

Source	 Burning 
Star 

Strasburg	 Suncor 
N. 2 Mine	 Prep. Plant 

Seem, Deposit	 Illinois	 Ohio	 Cold lake 
No.6	 No.5 

• Elemental Analysis, Wt % 
(Mr Basis) 

Hydrogen 5.1 5.1 10.4 
•	 Carbon 70.4 73.5 83.6 

Nitrogen 1.4 1.4 0.3 
Sulfur 3.3 3.3 3.9 
Oxygen and Other (by dIff) 8.8 10.0 1.6 
Ash	 - 11.0 6.7 0.0 

Total 100.0 100.0 100.0 

H/C Atomic Ratio 0.86 0.83 1.46 

Moisture, Wt% 4.9 7.3

Coal Liquefaction Process No.6 

A block diagram of Kerr-McGee's Coal Liquefaction 
Process Configuration No. 6 is shown in figure 1. In 
this process configuration, coal is dissolved in a mixture 
of hydrotreated underflow and deashed residual (OAR). 
The hetero-gases (2S, CO, CO2), water, light oil, and

medium oil are separated in a series of pressure-
letdown steps. The underflow is fed to the vacuum-
flash step to produce heavy oil and a vacuum-bottoms 
stream is fed to the Critical Solvent Deashing (CSD) 
unit. In the first separator, a combined stream of ash, 
unconverted coal, and very heavy residual is removed as 
ash concentrate. The deashed residual in the overhead 
is further fractionated by the deashing solvent in the 
CSO second separator and is recycled directly to the 
liquefaction step. The LDAR is discharged from the 
third separator and is combined with the heavy oil (now 
called process solvent) from the vacuum-flash step. 
This mixture is fed to the hydrotreater. The hydro-
treater underflow is combined with the OAR to become 
the liquefaction solvent. 

Coal Liquefaction Process No. 10 

A block diagram of Kerr-McGee's Coal Liquefaction 
Process Configuration No. 10 Is shown in Figure 2. In 
this process configuration, coal Is dissolved In a mixture 
of process solvent from the liquefaction step and full-
range deashed residual from the CSD unit. All the 
products from the liquefaction step, including gases, 
are fed directly into the hydrotreater reactor. The 
hetero-gases (112S, CO, CO2), water, light oil, and 
medium oil are separated in a series of pressure-
letdown steps. The underflow Is fed to the vacuum-
flash step to produce heavy oil and a vacuum-bottoms 
stream is fed to the CSD unit. In the first separator, a 
combined stream of ash, unconverted cool, and very 
heavy residual is removed as ash concentrate. The 
deashed residual is separated and discharged as full-
range deashed residual (FR-DAR) from the second 
separator. The FR-OAR is combined with the heavy oil 
(now called process solvent) from the vacuum-flash step 
to become the liquefaction solvent. 

FIGURE 2 

COAL LIQUEFACTION 
PROCESS CONFIGURATION NO. 10 

cto,

flP

OP 

IIO*

4-33	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985 



K-M Run No.	 41	 47	 46(1) 

Process Configuration No.	 6	 tO	 V 

Coal Conversion, Wt % MAP	 94.1 97.8 95.4 i 
Coal 

CS  Soluble-Coal Recovery, 
Wt%	 89.0 87.0 90.3 

Yield, Wt % MAP Coal 
Hydrogen	 (6.0) (5.8) (6.5) 
Hetero-Gases (I2% CO, GO2) 5.6 4.3 9.9 
Water 10.9 10.4 10.5 
C1-C3 Hydrocarbons- 14.3 8.9 16.0 
C4 to -850°F Distillate 46.8 48.1 101.5(2) 
+850°F Residual 7.2 19.8 -41.8(3) 
Coal/Bitumen Values in Ash 

Concentrate 21.2 14.3 16.9 
Net 100.0 100.0 190.1 

Hydrogen Utilization, 
Lb Dist/Lb 112 7.8 8.3 15.8 

(1) Co-processing run 
(2) C4 to 975°F distillate 
(3)	 975°f residual

Coal-Bitumen Co-Processing 

A block diagram of Kerr-McGee's Coal-Bitumen Co-
Processing Configuration No. V is shown in Figure 3. 
Bitumen is fed to the bitumen upgrader with hydrogen 
to produce a distillablé product with the underflow 
from the hydrotêeater to dissolve the coal in the 
liquefaction step. The hetero-gases (2S, CO, CO2), 
water, light oil, and medium oil are separated in a 
series of pressure-letdown steps. The underflow is fed 
to the vacuum-flash step to produce heavy oil and a 
vaduum-bottoms stream containing the solids and resid. 
The vacuum-bottoms stream Is fed to the CSD unit. in 
the first separator, a combined stream of ash, uncon-
verted coal (and coke), and very heavy residual is 
removed as ash concentrate. The deashed residual in 
the overhead is further fractionated by the deashing 
solvent in the CSD second separator into DAR and 
LDAR. The DAR . is discharged from the second 
separator as a product. The LDAR is discharged from 
the third separator and is combined with the heavy oil 
(now called process solvent) from the vacuum-flash 
step. This mixture is fed to the hydrotreater. The 
hydrotreater underfiow is combined with the underflow 
tram the bitumen upgrader to become the coal-
liquefaction solvent. 

In the process configuration of Figure 3, in addition to 
processing the coal at the usual rate, the bitumen resid 
is also co-processed at 90 percent of the coal rate. The 
bitumen residual is substituted for the DAR, which is 
not recycled in this process configuration.

Comparison Of Results 

Three bench-scale pilot plant runs, 41, 47, and 46, were 
made to test the process configurations in Figures 1, 2, 
and 3, respectively. 

The coal conversions and the CSD soluble-coal recover-
ies were good in all three runs, as shown in Table 2. 
The exceptionally high coal conversion achieved In 
Run 47 is attributed to the close-coupling of the lique-
faction and hydrotreater step& 

The composition of the vacuum bottoms produced In 
each run is shown in Table 3. The low preasphaltenes 
content in the Run 47 vacuum-bottoms stream is attri-
buted to the hydrotreatment of the coal liquid prior to 
the vacuum-flash step. The higher hydrogen/carbon 
(H/C) atomic ratio in the vacuum bottoms from Run 46 
is the result of co-processing bitumen with the coal. 

The overall yields for the three bench-scale runs are 
given in Table 2. These yields are expressed on a 
moisture and ash-free (MAP) coal basis. As a conse-
quence, the yield for Run 46 is over 100 percent MAP 
coal. The additional 90.1 weight percent is the result 
of the additional input of the +975°F bitumen resid. 

TABLE 2 

COMPARISON OF ALTERNATE 
PROCESS CONFIGURATIONS 

OVERALL YIELDS 
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TABLE 3 

COMPARISON OF
COMPOSITION OF VACUUM 80170MB 

K-M Run No.	 41	 47	 46 

Process Configuration No. 	 6	 10	 V 

Analysis, Wt % 
Pyridine-Soluble 89.2 87.9 91.9 
Unconverted Coal 3.5 1.5 3.6 
Ash 7.3 10.6 4.5 

Total 100.0 100.0 100.0 

Distillables, Wt %	 - 10.8 5;0 10.1 

Viscosity	 500°F, op 135 108 75 

Soluble-Coal Fraction, Wt % 
Oils 15.6 33.2 40.7 
Asphaltines 63.2 58.8 43.0 
Preasphaltenes 21.2 8.0 16.3 

Total 100.0 100.0 100.0 

Ash-Free Elementals, Wt % 
H 5.96 6.63 7.18 
C 90.37 89.77 86.89 
N 1.23 1.10 1;26 
S 0.99 1.22 2.73 
0 (by diff) 1.45 1.28 1.94 

Total 100.00 200.00 100.00 

Atomic H/C Ratio 0.79 0.89 0.98

The yield results for Runs 41 and 47 were quite similar 
with two notable exceptions. The C1-C3 hydrogen yield 
was significantly lower in Run 47 than in Run 41. In 
addition, the coal values in the ash concentrate were 
much lower in Run 47. Both of these Improvements are 
attributed to the close-coupling of the liquefaction-
hydrotreater steps in Run 47. In both Runs 41 and 47, 
the goal was to reduce the +850°F residual produced to 
near zero. While this was not achieved, Kerr-McGee 
states that changes in process conditions, particularly 
In the liquefaction stage, can be expected to achieve 
this goal. 

All three process configurations offer viable process 
options. However, additional work will be required to 
optimize product yields. The close-coupled coal-lique-
faction process (No. 10, Figure 2) appears to be the 
most promising process for coal alone it further tests 
indicate that catalyst deactivation is no problem. This 
process could also be coupled with a bitumen upgrader 
as another co-processing configuration. The co-proces-
sing configuration No. V (Figure 3) is a very flexible 
process and should perform well with a variety of heavy 
bitumens, petroleum resids, and coals. By adding the

bitumen upgrader to the coal-liquefaction process, the 
product output per unit size in the coal-liquefaction 
stage almost doubles. Such a plant is expected to have 
much more favorable Unit costs than a comparable 
coal-liquefaction plant. Of the different process con-
figurations tested, this co-processing configuration is 
the most promising for further study. 

SYNERGISTIC EFFECTS NOTED IN CO-PROCESSING 
STUDY 

Researchers at the University of Wyoming have been 
studying co-processing sub-bituminous coal and several 
low quality heavy oils. The results of the studies were 
recently summarized by Ronald Miller at the Tenth 
Annual EPRI Contractors' Conference on Coal Lique-
faction and at the 13th Biennial Lignite Symposium. 

The principal objective of the laboratory experiments 
was to investigate use of non-coal-derived heavy oils as 
solvents or solvent components in direct coal liquefac-
tion. Additionally, the experiments were designed to 
demonstrate the effect of heavy oil quality in ce-
processing performance and the existence of coal/heavy 
oil synergistic interactions. In particular, the following 
aspects of liquefaction co-processing were studied: 

• Varying coal/heavy oil feed ratio 

• Feed gas atmosphere 
• Distillate solvent composition and hydrogen 

donor ability 
• Use of a disposable catalyst. 

Experimental Procedure 

Wyodak sub-bituminous coal from the Anderson seam in 
the Powder River Basin was used as feed coal in the ce-
processing experiments. Selected properties of the coal 
are presented in Table 1. Six non-coal-derived heavy 
solvent samples listed in Table 2 were used in the tests. 
Solvent A-i is a nominal 750°+F boiling range fraction 
of high-sulfur Wyoming crude. Solvent A-2 is a nominal 
850°+I' boiling range fraction of a Mid-Continental 
crude. As shown in Table 2, sample A-2 contains 
approximately 12 weight-- percent petroleum asphal-
tenes, while sample A-1 is asphaltene-free. Solvent 
A-3 is a raw coker bitumen sample derived from 
Alberta, Canada tar sands. Solvent A-4 consists of an 
emulsion of 35.8 weight percent water and 64.2 weight 
percent Lloydminster heavy crude oil. Solvent A-S Is a 
full boiling range sample of shale oil obtained from 
thermal retorting of medium grade Colorado oil shale. 
Solvent A-6 was prepared by mildly hydrogenating a 
portion of sample A-S. 

Coal-derived solvents were utilized to provide compari-
sons between direct coal liquefaction results and the 
co-processing test results. Properties of these solvents 
are shown in Table 2. Coal-derived solvent F-178 was 
used as distillate feed in some of the co-processing

-

- 
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TABLE I 

PROPERTIES OF WYODAK SUB-BITUMINOUS COAL
USED IN CO-PROCESSING STUDIES 

Ultimate Analysis (Weight Percent Dry Basis) 

Carbon 58.2 
Hydrogen 4.3 
Nitrogen 0.8 
Sulfur 

Sulfate 0.8 
Pyritic 0.9 
Organic 1.2 

Sub-Total Sulfur 2.9 
Oxygen (difference) 13.9 
Ash 19.9 

Total	 100.0 

Proximate Analysis (Weight Percent Dry Basis) 

Ash	 19.9 
Volatile Matter	 45.1 
Fixed Carbon	 35.0 

Total	 i000 

runs. The solvent is a nominal 500° to 800°F boiling 
range, unhydrogenated fraction of Wyodak recycle sol-
vent produced in 1975 at the Wilsonville, Alabama six 
ton per day pilot plant. Solvent F-68 is a mildly hydro-
genated simulated bottoms recycle solvent consisting of 
approximately 50 weight percent low ash Wyodak coal-
derived SRC produced at Wilsonville in 1975 and 
50 weight percent F-170. The researchers believe that

liquefaction results from runs using F-Ga represent an 
appropriate base case to evaluate liquefaction co-pro-
cessing performance. 

Additional liquefaction co-processing runs were made 
using tetralin as distillate solvent in place of F-178. 
Piperidinopyridine, an extremely powerful nucleophile 
which has been shown to enhance coal dissolution in 
direct coal liquefaction experiments, and m-cresol were 
used as distillate solvent components in some runs. 

The experiments were conducted using either hydrogen 
or carbon monoxide as feed gas. 

An iron oxide disposable catalyst provided by the Kerr-
McGee Corporation was used in some runs at a concen-
tration of approximately 5 weight percent of the dry 
feed coal. Also carbon disulfide was added to the 
reactor teed of selected runs in the amount equal to 
approximately 5 weight percent of the dry feed coal. 

The liquefaction co-processing experiments were car-
ried out in a 60 cubic centimeter stirred microauto-
dave reactor system. According to the researchers, 
this reactor system can provide the benefits of small 
tubing bomb reactors (quick heatup--2 minutes from 
room temperature to 850°F, and cooldown -30 seconds 
back to-room temperature), while also ensuring suffi-
cient mechanical agitation of the reactants to minimize 
hydrogen mass transfer effects. 

Reaction conditions in this study were fixed at 800°F 
reaction temperature, 2,000 pslg initial cold hydrogen 
pressure or 1,000 psig initial cold carbon monoxide 
pressure, and 15 minutes reaction time. Distilled water 
in an amount equal to 50 weight percent of the dry feed 
coal was added to runs using a carbon monoxide atmo-
sphere. The coahsolvenbdistlllate weight ratio was 
held at 1:1:1 in all runs unless otherwise noted. 

TABLB 2 

PROPERTIESOF SOLVENTS USED IN CO-PEOCllQ STUDIES 

Feed	 A-I	 A-2	 A-3	 A-4	 A-S	 A-I	 r-178	 ro 

Source Lloyd- Hyto-
- Mid- minster Raw treated 

Wyoming Continent Tar Petro- shalt shale Wyod.Jc Wyodak 
Petroleum Petroleum Sands teum Oil Oil Coal Coal 

Weight Paean Distilled 

Water 0.0 0.0 0.3 35.8 0.7 0.1 0.0 0.0 
35tF- 0.0 0.0 0.5 1.7 4.2 10.3 0.0 1.0 
350P-sotr 0.0 0.0 3.8 5.0 9.6 18.3 II 1.5 
sotsd'r 0.0 0.0 10.1 7.8 18.8 22.5 63.7 27.5 
650'450'F 13.1 3.4 16.7 10.1 39.0 29.8 21.2 19.8 
850'tr 80.9 96.6 58.6 39.6 27.7 19.0 3.0 50.2 

Ultimate Analysis (Weight Percent) 

Carbon 84.9 85.7 83.4 71.9 83.3 04.7 07.5 88.0 
Hydrogen 10.6 8.8 10.5 11.0 12.1 12.9 7.7 7.1 
Nitrogen 0.5 1.3 0.4 0.2 1.4 1.2 0.7 0.7 
Sulfur 3.8 2.2 4.5 2:8 0.5 0.1 0.3 0.2 
Oxygen (difference) 0.2 2.0 1.3 14.1 2.7 0.0 3.8 5.2 

Cyclolianne Sot,blIlty (Weight %) 100.0 88.2 99.4 97.8 100.0 100.0 94.1 85.4 

Toluene Solubility (Weight %) 100.0 100.0 99.6 98.1 100.0 100.0 96.9 84.0 

Pyridine Solubility 100.0 100.0 99.7 99.1 100.0 100.0 100.0 99.4
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Gaseous products were analyzed using a gas chromato-
graph. Water and distillate yields were measured by 
distilling portions of the combined liquid-solid product 
mixture to an 850°F end point in a micro-distillation 
apparatus. Additional portions of the liquid-solid pro-
duct mixture were extracted in a Soxhlet extraction 
apparatus using cyclohexane, toluene, and pyridine. 

Experimental Results 

The researchers evaluated three aspects of co-process-
ing as follows: 

• The effect of varying the coal/heavy oil feed 
ratio 

• The effects of teed gas atmosphere, solvent 
composition, and disposable catalyst 

• The influence of heavy oil properties. 

Co-processing experiments were conducted in which the 
weight ratio of feed coal, A-2 heavy oil (Mid-Continent 
850'+F fraction), and F-17B distillate (unhydrogenated 
5000 to 800°F Wyodak recycle solvent) was varied 
between 1:1:1 and 0:2:1 in such a manner that the 
overall weight ratio of coal and heavy oil to distillate 
was fixed at 2:1. Other reaction conditions were the 
same as discussed earlier. As shown in Figure 1, a rapid 
increase in C4-850°F distillate yield (from about 

FIGURE 1 

EFFECT OF FEED COAL CONTENT 

ON C 4 -850°F DISTILLATE YIELD 

gaO,

Wt % COAL N	 a. FEED 

2.5 weight percent to about 8 to 10 weight percent) was 
detected when the coal content was increased from 
0 weight percent to about 5 weight percent. Based on 
detailed examination of the material balance data the 
researchers conclude that because the increased 
amount of distillate produced cannot be accounted for 
solely by conversion of the added coal to distillate, the 
heavy oil is more reactive toward distillate production 
in the presence of the coal or primary coal-derived 
products.

As shown in Figure 2, an extremely rapid increase in 
pyridine conversion (or conversely, a rapid decrease in 
unreacted coal) was noted with increasing coal content 
up to about 5 weight percent coal. At higher coal 
contents, coal conversion increases gradually and even-
tually becomes constant at about 60 weight percent. 
Toluene conversion also increases with increasing coal 
content, but at a slower rate. Cyelohexane conversion 
is relatively constant at coal concentrations of less 
than 50 weight percent, indicating that very little coal-
derived product is being converted to cyclohexane sol-
uble products at the mild reaction conditions studied. 
These data also suggest that the presence of solubilized 
coal influences heavy oil conversion to distillate. 

FIGURE 2 

EFFECT OF FEED COAL CONTENT 
ON CONVERSIONS TO 

CYCLOHEXANE-, TOLUENE-, AND 
PYRIDINE-SOLUBLE COMPONENTS 

I	 I. 

S I
WI. V. CON. N CO4L14(axY a FEED 

The researchers also used statistical experimental de-
sign techniques to investigate the effects of feed gas 
atmosphere, distillate solvent composition, and use of a 
disposable catalyst on liquefaction co-processing per-
formance. The researchers found that, on the average, 
changing the gas atmosphere from hydrogen to carbon 
monoxide plus water generally reduced both C4-850°F 
distillate yield and pyridine conversion. Use of a good 
hydrogen donor solvent (tetralin) rather than F-178 
improved both C4-850°F distillate yield and pyridine 
conversion. Addition of either iron oxide or hydrogen 
sulfide (as CS2) also resulted in increased distillate 
yield and pyridine conversion. 

The presence of 25 weight percent piperidinopyridine in 
F-17B distillate solvent and hydrogen gas gave an 
average increase of about 8.6 weight percent C4-85001? 
distillate yield (MAP coal basis) and 10.3 weight per-
cent pyridine conversion. When piperidinopyridine was 
added to tetralin as distillate solvent, the increases 
were about 13.6 weight percent C4-850°F distillate 
yield (MAF coal basis) and 5.2 weight percent pyridine 
conversion. In runs using carbon monoxide/water, dis-
tillate yields were less than anticipated, indicating 
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some adduction occurred when an excess of hydrogen 
gas was not present in the system. The researchers 
believe that the function of piperidinopyridine is to 
enhance coal conversion, which In turn provides more 
coal-derived free radical species to attack and promote 
conversion of the heavy oil molecular structure. The 
use of m-cresol as a distillate solvent component gave 
Increased C4-850°P distillate yield but decreased pyri-
dine conversion. 

To investigate the hypothesis that heavy oil acts as a 
reactant and not simply as a hydrogen donor or physical 
coal solvent during liquefaction co-processing, experi-
ments were completed using six heavy oil samples. The 
results, summarized in Table 3, indicate that liquefac-
tion co-processing performance is influenced by the 

TABLE 3 

EFFECT OF HEAVY OIL TYPE ON
CO-PROCESSING YIELDS 

C4-850°F Hydrogen Pyridine 
Heavy Oil Distillate Con- Con-

Type Yield sumption version 
(Wt% (Wt% (Wt% 
MAP MAP MAP 
Coal) Coal) Basis) 

A-i (750°F + High 
Sulfur Wyoming 
Crude) 

No Catalyst 25.2 1.9 66.4 
Iron Oxide 38.9 5.4 69.5

A-2 (850°F + Mid-
Continent Crude) 

No Catalyst	 35.4	 0.9	 61.6 
Iron Oxide	 46.5	 3.2	 75.3 

A-3 (Raw Coker 
Bitumen) 

No Catalyst	 27.3	 2.9	 55.8 
Iron Oxide	 41.2	 3.5	 66.0 

A-5 (Raw Shale Oil) 
No Catalyst	 13.1	 2.5	 55.8 
Iron Oxide	 13.6	 2.6	 49.5 

A-S (Mildly Treated 
Shale Oil) 

No Catalyst	 25.7	 2.5	 47.0 
Iron Oxide	 44.1	 2.6	 70.1 

characteristics of the heavy oil feed. The researchers 
note that C4-850°P distillate yield and pyridine conver-
sion do not vary in a one-to-one relationship. In 
particular, heavy oil sample A-6 (mildly hydrogenated 
shale oil) gave a reasonably high distillate yield but 
very poor pyridine conversion. The addition of iron 
oxide catalyst generally increased distillate yield, hy-
drogen consumption, and pyridine conversion for all six 
heavy oil samples. In the presence of iron oxide, heavy 
oil samples A-2 and A-6 performed particularly well.

Conclusions 

The researchers compared the yields and conversion 
obtained from liquefaction co-processing runs with cor-
responding data from direct coal liquefaction experi-
ments (no heavy oil solvent) at the same mild reaction 
conditions. Table 4 summarizes results of liquefying 
Wyodak coal in coal-derived distillate solvent F-lie 
with or without the addition of heavy oil A-2. In-
creased distillate yield but decreased hydrogen con-
sumption and pyridine soluble coal conversion were 
achieved when the coal and heavy oil were co-pro-
ceased. A similar trend was noted where the liquefac-
tion co-processing data are compared with yield and 
conversion data from simulated bottoms recycle direct 
liquefaction using F-68 bottoms recycle coal-derived 
solvent. At the reaction conditions studied, co-process-
ing distillate yields were significantly higher than the 
corresponding yields from bottoms recycle runs. 

TABLE 4 

COMPARISON OF CO-PROCESSING AND 
DIRECT LIQUEFACTION OF WYODAK COAL 

C4-851J°F Hydrogen Pyridine 
Distillate Con- Con-

Solvent Yield sumption version 
(Wt% (Wt% (W t% 
MAP MAP MAP 
Coal) Coal) Basis) 

F-lYE only 12.6 1.2 71.2 
(unhydrogenated 
50(°-800°p Wyodak 
recycle solvent)

F-lie plus A-2	 35.4	 0.9	 61.6 
(850°F + Mid-
Continent crude) 

F-68 (50% Wyodak- 21.1	 1.9	 73.9 
derived SRC and 
50% F-17B) 

The researchers believe that lower hydrogen consump-
tion and lower coal conversion during co-processing 
suggests that a significant portion of the distillate was 
derived from petroleum heavy oil A-2. To further 
explore this hypothesis, a series of runs was conducted 
in which no coal was fed to the reactor. All other 
reaction conditions were the same as in the liquefaction 
co-processing runs. The data indicate that the 850°+F 
fraction of A-2 heavy oil did not convert to C4-850°F 
distillate in the absence of coal at the mild reaction 
conditions studied. No significant increase in heavy oil 
conversion was noted when iron oxide catalyst was 
added. Thus, the researchers conclude that the appar-
ent heavy oil reactivity toward distillate production is 
caused by the coal or possibly primary coal-derived 
products present in the reaction mixture. One hypo-
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thesis proposed by the researchers is that reactive coal 
fragments produced during coal depolymerization may 
attack and weaken bonds within the heavy oil structure, 
thereby increasing heavy oil reactivity. 

The researchers also found that the coal/heavy oil feed 
ratio strongly affects liquefaction co-processing perfor-
mance at low coal concentrations. At mild reaction 
conditions, C4-850°P distillate yield increased by a 
factor of about five (2.5 weight percent to 8 to 
10 weight percent coal basis) when the feed coal con-
tent was increased from 0 to 5 weight percent of the 
total coal/heavy oil feed. According to the researchers 
this result further suggests the existence of coal/heavy 
oil interactions during liquefaction co-processing. 

From the liquefaction co-processing results that were 
obtained with the six heavy oil samples derived from 
petroleum, tar sands, and oil shale, the researchers 
conclude that distillate yield, pyridine coal conversion, 
and feed gas consumption are functions of heavy oil 
properties. The largest c 4-850F distillate yields 
( p 50 weight percent MAP coal basis) occurred using a 
Mid-Contentintal United States petroleum 850°+F resi-
duum sample (A-2), and a mildly hydrotreated sample 
of shale oil (A-6). Many more heavy oil samples 
derived from petroleum, tar sands, and oil shale would 
have to be co-processed with coal before adequate 
correlations could be developed to relate heavy oil 
characteristics and process performance according to 
the researchers.

Ill, 

EXCESSIVE TRACE COMPONENTS POUND IN COAL 
GAS FOR METHANOL SYNTHESIS 

The Tennessee Valley Authority (TVA) has been study-
ing the use of coal-derived synthesis gas for methanol 
production. One concern with the concept is that 
potential catalyst poisons may be present in the gas 
streams. At the Tenth Annual EPRI Contractors Con-
ference in April 1985 S. L. Garber and P. C. Williamson 
summarized results of tests conducted at TVA's Am-
monia from Coal Project (ACP) in Muscle Shoals, 
Alabama to determine the concentrations of several 
compounds in process streams. 

A methanol pilot plant is being considered foi installa-
tion at the Cool Water project to produce a fuel for 
peak load production. To support the design of a 
system and to protect the catalyst in a commercial coal 
gasification installation, in August 1984 TVA conducted 
test work for the Electric Power Research Institute 
(EPRI) using Utah coal. The tests were conducted with 
the ACP Texaco entrained flow-pressurized gasifier 
operating at around 2,50eF and 500 psig. The Utah 
coal test operation covered 480 hours during three test 
periods referred to as test runs 69, 70, and 71. The 
first run, No. 69, was shut down after about 11.5 hours 
because of a problem with the gasifier burner. Run 
No. 70 was shut down after about 6 days 20 hours 
because of deposits in the gasifier water circulation 
loop. Run No. 71 lasted 12 days 16.5 hours and was shut 
down because the test objectives had been met.

The synthesis gas trace component study addressed the 
concern of potential catalyst poisons that may be 
present in the gas streams. Two intensive gas charac-
terization tests were conducted, and two sets of five 
methanol catalyst test cells were exposed to the pro-
cess gas at selected locations. 

To determine the trace constituents in the gas streams, 
the process gas was sampled at the locations identified 
in Figure 1. These locations are: before the carbon 
monoxide shift unit, after the carbon monoxide shift, 
after COS hydrolysis (before Selexol acid gas removal), 
after the acid gas removal (AGE) unit Inlet to the zinc 
oxide sulfur guards, and outlet of the sulfur guards. 

The components for characterization were selected in 
consultation with EPRI and with Air Products and 
Chemicals, Inc. who is also working with EPA! on 
methanol catalyst studies. Design limits for the gas 
composition were determined by the catalyst's manu-
facturer, United Catalyst Inc. Table 1 shows the high- 
est concentrations of the synthesis gas contaminants 
that were reported In all the process streams studied. 

TABLE I

'I 
GM CHARACTERIZATION 

TVA SYNTH GM TRACE COMPONENT STUDY 

Highest Reported value 
Design

G.
Analy,l, (".) 

Limits Location 
TP-P m7 I 2 3 -T ---T- We ffrW W (Ouuet (Aft 

Co co to of sulfur 
Shift) Shift) selexol) Seleicol) Guard) 

Sulfur.sH2s 0.06 11000 1 1 00e 1,000 2.4 1.3 
Halides, des HC1 0.01 5.9 7.5 0.4 6.8 7.5 
timsturated 300 X x S K K 

Hy*ocarbo,t, 
Acetylene	 - 5 9.3 x 3.8 I 

NH3 to x x x x x 
NO 
IICF4

0.1 a x x x x 
0.01 27 - 0.007 0.001 0.008 

Fe, as Carbonyls 0.04 0.03 I 0.11 
Nickel, as Carbonyls 0.01 a * 0.02 I 0.02

Gessampled at the pipeline 
Indicates concentration well below design level 

The data show that in all cases sulfur concentrations 
exceeded the design limit of 0.06 ppm. The existing 
sulfur guards normally decrease the sulfur to less than 
0.1 ppm but for methanol production, an additional 
guard bed or other sulfur removal means would be 
required. 

The chloride concentration of the gas (7.5 ppm) greatly 
exceeded the 0.01 ppm recommendation. Chloride 
levels may be adjusted with difficulty within the pro-
cess by changes in the now or pH of the scrubbing 
water loop. Alternately the chloride and other contam-
inants might be lowered by a sacrificial catalyst bed 
just prior to the methanol unit. Further studies will be 
carried out to resolve this problem. 

Cyanide has a recommended design limit of 0.01 ppm, 
and the highest value determined was 0.008 ppm. Al-
though the concentration Is marginally acceptable, cya-

-

- 
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nide is so difficult to collect and analyze in acid gas 
streams that the actual level of cyanide may be higher. 
TVA has developed an improved sampling and analytical 
procedure. Data from additional studies on cyanide 
concentrations during the December IllinoIs No. 6 run 
will be reported to EPRI when available. 

Nickel carbonyl at 0.02 ppm exceeds the 0.01 ppm 
limit. The nickel concentration is reduced after the 
carbon monoxide shift and COS hydrolysis units, but 
increases after Selexol. TVA has suggested that future 
work be conducted to determine the disposition of 
nickel in the Selexol area. As a last resort, the 
sacrificial catalyst concept might be used to protect 
the methanol catalyst. 

The other components studied (unsaturated hydrocar-
bons, acetylene, ammonia, iron carbonyl, and nitrogen 
oxides) were well below the design limits. Sampling 
also indicates that particulates are not a significant 
problem. Comparison of the levels of various elements 
analyzed indicates a 99 percent reduction of particu-
lates after the carbon monoxide shift converters and 
COS hydrolysis unit. Because the mechanics of the 
particulate reduction are not known (mechnical removal 
or chemical decomposition) TVA believes that further 
work appears to be warranted in this area. 

To determine the changes in the activity of the metha-
nol catalyst, two sets of five cells were exposed to 
process gas at the locations shown in Figure 1. The 
cells were tested for activity prior to and after expo-
sure. In addition, the catalyst and zinc oxide guard 
cells were analyzed for deposits on the catalyst and 
physical and chemical changes to the catalyst. The 
first set of catalyst test cells was exposed to the 
process gas for 183.5 hours. The second set was ex-
posed for 76.5 hours. The methanol content of the gas 
from each cell exposed for 76.5 hours is shown in

Table 2. The greatest concentration of methanol, 
3.57 percent, was found In the gas from Test Cell No. I 
installed ahead of the carbon monoxide shift reactors. 
This test cell was protected by a zinc oxide bed. The 
researchers theorize that the high concentration of 
carbon monoxide at this point may account for the 
higher methanol production. The next highest methanol 
levels (approximately 2.4 percent) were from Cells 
No. 4 and 5 installed downstream of the acid gas 
removal system. The lowest methanol production levels 
were from the cells mmedlately ahead of the acid gas 
removal system. One of these cells, 3D, was protected 
by zinc oxide but appeared to have sulfur breakthrough. 

TABLE 2 

METHANOL CONCENTRATIONS FROM 
TEST CELLS

TVA SYNTHESIS GAS
TRACE COMPONENT STUDY

Methanol 
Catalyst	 Concentration 
Cell	 Location	 Inlet	 Outlet 

Raw gas after ZnO bed 0.07 3.57 
3A COS hydrolysis outlet/ <0.07 0.91 

inlet AGR no ZnO bed 
3B COS hydrolysis outlet/ (0.07 40.07 

inlet AGR after ZnO bed 
4 After acid gas removal 0.07 2.45 
S After sulfur guard 0.01 2.38

Test period duration - 76.5 hours during run 
No. 71 

The contaminants on both the catalyst cells and the 
zinc oxide beds were nickel, sulfur, and chloride (i.e., 
the same poisons identified in the gas streams). Al-
though iron was present on the catalyst at a high level, 
the gas samples did not show slgnificnat levels of Iron, 
and Air Products believes the source is rust from the 
equipment. 

Activity tests conducted in Air Products facilities on a 
simulated synthesis gas confirm that the contaminants 
were detrimental to the catalyst. The data also show 
that the activity of the catalyst had a significnat 
improvement with time on the clean simulated synthe-
sis gas, suggesting that the poisoning effect is partially 
regenerable. Therefore, the researchers believe that 
the catalyst would be tolerant of limited excursions at 
the concentrations found for these components. They 
warn, however, that this observation needs further 
studies before making a final conclusion. 

Conclusions 

Based on the test results, the researchers conclude that 
chlorides, sulfur, and nickel compounds are present in 
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the synthesis gas at levels above the maximum toler-
able limit. With the exception of chlorides, these 
contaminants and others are decreased by the gas pro-
cessing and gas cleaning units at ACP. However, some 
sort of additional cleanup, perhaps sacrificial beds of 
absorbents, will be required to meet the catalyst manu-
facturer's maximum recommended limits. 

The researchers are also concerned that the study may 
not have evaluated all the possible catalyst contami-
nants. Therefore, additional studies are needed on a 
cooperative basis with catalyst manufacturers to deter-
mine the presence of certain additional compounds. 
Also the effect of exposure time on catalyst activity 
needs to be determined, and the sacrificial absorbent 
method of contaminant removal needs to be explored in 
actual plant slipstream studies. 

Ifl.i
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INTERNATIONAL 

SPANISH LIGNITE EVALUATED FOR UNDERGROUND 
COAL GASIFICATION 

Energy International, Inc. has revealed the results of a 
preliminary study on the applicability of underground 
coal gasification (13CC) for the production of medium 
heating value gas as a fuel for the Empresa Nacional de 
Electricidad, S.A. (EN DESA), Spain. 

ENDESA was interested in the production of medium 
heating value fuel gas for the Central Termica Teruel 
power plant, located near the town of Andorra, In the 
province of Teruel, Spain. 

Fuel usage at ENDESA's power plant is about 4 million 
metric tons of lignite per year. Seventy-five percent of 
the coal is supplied from local mines and the remainder 
is Imported. As the lignite has high ash and sulfur 
contents, it is necessary to blend it either with im-
ported low ash and sulfur coals or with gas In order to 
Improve fuel quality and reduce sulfur emissions to 
allowable limits. 

ENDESA operates both open cast and deep mines at the 
Andorra resource 8 kilometers from the power plant. 
They are exploring means to extend the life of the 
resource by accessing coal which is too deep for econo-
mical mining operations. 13CC could provide the neces- 
sary access to the resource and at the same time 
improve average fuel quality burned in the power plant 
by reducing the sulfur content. 

Resource Description 

The ENDESA resource which could be committed to 
13CC is approximately 25 million metric tons of high 
ash (up to 33 percent) and high sulfur (6 percent) lig-
nite. The coal field Is segmented by major faults into 5 
blocks containing from 1 to 6 million tons of coal each 
in several seams. Seam thickness ranges from 
2.4 meters to almost 15 meters, depending on the block 
in which the seam is located. Seam thickness tends to 
decrease with depth, and seam dip Is nominally 
25 degrees. Coal depths extend to 900 meters, although 
the seams of primary interest for 13CC are between 90 
and 600 meters in depth. 

The coal seams are overlaid with a thick clay roof 
which is impermeable to water influx. In at least two 
of the blocks, there are high yield, poor quality aquifers 
50 to 150 meters above the cost. Topography in this 
region varies from flat valley floors to very steep hills 
and will have an adverse impact on surface facility and 
well drilling costs. Deep mining operations in the area 
have resulted in visible surface subsidence effects. 

The presence of major faults will also reduce the 
available coal for gasification because of the need for 
larger, more numerous safety zones to prevent gas 
leakage. 

This resource, being lignite, has a Free Swelling Index

of zero and is non-agglomerating. The high ash content 
does not appear to pose a serious problem for 13CC 
operations and may even have a beneficial catalytic 
effect. 
The quality of the water at this location is very poor 
but it Is used by local farmers. One aquif&, about 
300 feet above the seam, supplies the town of Andorra 
with a large portion of its water. 

The primary concern for this resource Is the strength 
and composition of the clay overburden because of the 
subsidence experienced fom deep mining operations. A 
lack of adequate roof stability could impact on reactor 
integrity, water influx, and surface subsidence. 

Clay samples from the open cast mine, deep mine, and 
a burned outcrop were taken for mechanical, composi-
tional, and thermal testing. Preliminary indications are 
that the thermally altered clays, at expected process 
temperatures, will exhibit significantly Increased me-
chanical strength. 

The predicted subsidence for 13CC operations Is given in 
Table 1.

TABLE I 

MAXIMUM PREDICTED SUBSIDENCE 
AT ANDORRA 

Seam 
Module Thick- Module Module Maximum 

Name	 Depth ness Width Length Subsidence 
(Feet) W1) (Feet) (Peet) (Inches) 

A 300 13 100 413 10.6 
Bl 755 10 100 1,056 5.7 
B2 755 20 100 1,056 11.8 
83 300 21 100 413 17.0 
C 1,500 36 100 2,100 19.3

Economic Analysis 

The site data and specific financial factors provided by 
ENDESA were employed by Energy International in 
their 13CC Economics Models. 

The final conceptual design was for a gasification plant 
capable of producing 3.2 billion kcal (12,611 million 
BTU per thy) of medium value fuel gas (Table 2) from 
the Andorra resource using steam/oxygen injection for 
a period of 20 years. This quantity of gas is equivalent, 
on an energy basis, to approximately 5 percent of the 
total annual fuel usage of the power plant. 

The facility has the capacity to produce 37.7 million 
standard cubic feet per thy of 325 8113 per standard 
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TABLE 2 

PREDICTED PRODUCTION CHARACTERISTICS:
ANDORRA LIGNITE DRY COMPOSITION

(Mole Percent at 200 pala)

Mole 
Parameter	 Percent 

H2 34 
CH 4 12 
Carbon Monoxide 18 
Carbon Dioxide 32 
Hydrogen Sulfide 3 
Yield 5.3 
Water (mole %) 17 
Efficiency 78 

"Cubic meter of product per cubic meter 
of injected oxygen 

cubic foot dry gas. Daily coal consumption is 
1,500 tons per day and would require a total resource of 
18 million metric tons. Reverse burn linking proved to 
be more economical than directionally drilled links. 

Three variations of the facility design were prepared: 
(1) no sulfur removal units; (2) sulfur removal using the 
Stretford process; and (3) the production of synthesis 
gas. The syngas option, as a feedstock for chemicals or 
ammonia production, provided for partial oxidation of 
tars and methane; a shift reactor for adjusting the 
hydrogen/carbon monoxide ratio and a combined Sele-
xol/Claus unit for hydrogen sulfide removal and tail gas 
cleanup. Partial results are given in Table 3. 

TABLE 3

ECONOMIC COMPARISON

MIff Alter- Syn Gas 
Fuel Gas native 2 Partial 

No MHV Oxidation 
Sulfur Fuel Gas Selexol, 

Removal Stretford Claus 

Base Year Gas Price 6.72 1.77 11.46 
($/Million BTU) 

Capital investment 56.0 70.9 78.7 
(Million Dollars) 

First Year Operating 17.1 18.6 19.3 
Costs (Million 
Dollars) 

Clean Product Gas: 
(BTU/SCF 334 325 321 
(MMBTU/SD) 12,611 11,887 8,879 
(MMSCF/SD) 37.7 36.6 27.7

Conclusions 

The results of the preliminary study indicate that this 
resource is of sufficient size and quality to support a 
commercial scale plant for the production of medium 
value fuel gas for a period of 20 years. No specific 
technical or process related parameters were identified 
which would preclude commercial scale IJCG operations 
at this site. 

However, because of the limited size and quality of this 
resource, a commercial UCG facility does not provide 
an immediate economic incentive when compared to 
local coal prices. The results do not support a recom-
mendation to proceed with a fast track commercializa-
tion program for 1989 as was originally envisioned for 
the study.

#00# 

GEGS SEEKS ADDITIONAL MEMBERS FOR 
UCG TESTING 

Since 1979 GEGS, the Groups d'Etude de Is 
Gazeification Souterraine (Underground Gasification 
Study Group) has been in charge of an experimental 
program to develop a method for the underground 
gasification of deep coal resources. Up to now, GEGS 
has been a joint venture of four French companies: 
Bureau de Recherches Geologiques at Minieres, 
Charbonnages de France, Gaz de France, and Institut 
Francais du Petrole. The group has completed the first 
phase of testing, and is planning a new program. GEGS 
is seeking new partners who are willing to contribute 
funding to the additional testing. A limited number of 
new members will receive full rights in GEGS by 
contributing 5 million francs (approximately $590,000 
U.S.) over two years. 

GEGS proposes to set up and operate a demonstration 
pilot test to assess the quantity and the quality of the 
gas that can be recovered from a two-well underground 
coal gasification (UCG) process. The site of the 
experiment is the Blanzy basin in the central part of 
France. The semi-anthracite coal seam is at a depth of 
nearly 800 meters (2,600 feet) and its thickness varies 
between 9 to 20 meters (30 to 65 feet). 

The proposed project is based on two wells depicted in 
Figure 1. One well is directionally drilled and gradually 
deviated to meet the seam at a shallow angle. This 
deviated well will follow the coal seam for a consider-
able length, thus forming a horizontal drain. The 
second well will vertically intercept the first one at its 
end, thereby resulting In a connection through the coal 
that permits the high oxygen and steam flowrates 
required for gasificaton. 

Two gasification experiments will be carried out suc-
cessively along the horizontal drain, the first using 
nearly 500 tonnes of coal and the second using 
2,500 tonnes. At high flowrates, gasification will 
require six days for the first experiment and 36 days for 
the second one. The total time of the operations is 
estimated at ten months from the start of the first well 
drilling, at a cost of 52.5 million francs (approximately 
$6.2 million U.S.). 
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If the same quantities of coal are gasified with flow-
rates reduced to one-fifth, the time required would be 
17 months and the cost would be 62.5 million francs 
($7.4 million U.S.). The maximum forecasted time to 
conduct all aspects of the program should not exceed 
two years. 

According to. GEGS, the project should permit full 
assessment of the feasibility of underground coal 
gasification at the test conditions. An economic 
assessment will be based on the test results and will be 
compared to the studies already performed to 
determine the industrial and commercial viability of 
the process. 

Background 

Large, shallow coal seams have already been mined , in 
most European countries. Additionally, the extraction 
of coal from seams that are deep or of limited extent is 
expensive. Therefore, GEGS is studying the in situ 
gasification of coal using mixtures of oxygen and 
steam. Medium-BTU gas from UCG can be used, after 
surface treatment, as a fuel, notably to generate elec-
tricity, or as a synthesis gas for conversion into metha-
nol and substitute natural gas. 

An accurate evaluation of the cost-effectiveness of the 
process requires pilot testing to determine the lateral 
extent of the gasification cavity which would allow the 
researchers to calculate the volume of coal that could 
be gasified for a given seam thickness and well spacing. 
However, based on "reasonable assumptions" a study by 
GEGS shows that underground coal gasification in

European countries is economically attractive whenever 
30,000 to 40,000 tonnes of coal can be recovered by a 
doublet of wells. (Results of the study are summarized 
in this issue in the article entitled "French Study Finds 
UCG Economical for Western Europe.") 

The proposed pilot demonstration test will be based on 
the work performed at the field sites of Bruay-en-
Artois, Echaux, and Haute-Deule and in the laboratories 
of GEGS members. Although the final target of 
gasification has not yet been achieved, UCG technology 
and knowhow has been developed. GEGS has been able 
to drill the wells with a high degree of accuracy. 
Efficient completion of wells that were designed to 
stand up to high pressure variations during hydraulic 
fracturing and then to large temperature variations 
during reverse combustion has been achieved. Gas 
injection equipment (compressors, cryogenic pumps) 
have been very reliable over periods of several months. 
A mobile data acquisition unit using computerized data 
processing, display, and teletransmlssion has been used 
to monitor and control operations. 

Technology 

For the demonstration pilot test, GEGS will drill a 
doublet of wells. One of the wells will be gradually 
deviated to reach the.seam at a shallow angle and to 
follow it over a considerable length, thus forming a 
horizontal drain. The horizontal part of the well must 
be drilled as close as possible to the floor of the coal 
seam . to recover the greatest possible amount of coal 
and to maintain the production of a gas with a suitable 
heating value for the longest possible time. An ade-
quate location of the channel can be obtained during 
the drilling phase, by first assessing the drill path 
through the lower third of the coal seam, and then 
logging the channel to ensure that It remains within the 
lower part of the seam, with corrections to the drill 
path if needed. 

The second well will intercept the first one at its end. 
To carry out gasification along the drain, there must be 
good communication between it and the vertical well. 
The planned distance between the horizontal drain and 
the vertical well is less than 5 meters. To link the two 
wells, simple mechanical techniques will be used first 
and, if they are insufficient, combustion will be used to 
complete the junction. 

The channel through the coal seam must be kept free 
during the entire gasification process.Therefore, a 
perforated liner will be used which will mechanically 
support the wall of the drain, yet permit good contact 
between the coal and the gas injected into the oxidation 
zones. 

To protect the horizontal well from high temperature 
and risks of plugging by tars produced during gasifica-
tion, the oxidizing gas will be injected through the 
horizontal well and product gas will be produced 
through the vertical well. This arrangement also per-
mits the use of a. simple device to ignite the coal, and 
permits ignition to be carried out successively at 
several points at increasing distances from the bottom 
of the vertical well. 
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The design of the gasification process is based on 
creating several cavities that are gasified successively 
further from the link by controlled retraction of the 
injection point of the oxidizing gas mixture. This 
technique of controlled retracting injection point or 
CRIP, was tested successfully in the United States by 
the Lawrence Livermore National Laboratory during a 
pilot test carried out at Tono, Washington. (Refer to 
the article in this issue of the Pace Synthetic Fuels 
Report entitled "Tono 2 UCG Field Test Organized.") 
The method is sufficiently flexible to allow wider 
investigation of the operating zone, and to reduce the 
risks of plugging the channel between the gasification 
cavity and the production well. 

Pilot Demoastraton Project 
Description 

The area of the proposed test is the Blanzy coal basin, 
about 100 kilometers southwest of Dijon and about 
150 kilometers northwest of Lyon. The site selected by 
GEGS is in the vicinity of the Darcy mine. 

The coal seam is horizontal at a depth of 770 meters, 
with a thickness from 9 to more than 20 meters. The 
coal is a semi-anthracite with a swelling index of 0 to 
1.25, sulfur content about 0.50 percent, and volatiles 
content from 8 to 14 percent. The stratigraphy and 
fault system of the site are well known, thus minimiz-
ing geological risks. 

Two wells are needed for the pilot experiment, with one 
deviated to reach the seam sub-horizontally and to 
cross through it horizontally over a length of 100 to 
150 meters (330 to 490 feet) and a vertical well that 
will intercept the first one at its end. The drill path 
most not approach old mine workings too closely, 
particularly the deviated well. On the surface, the two 
drilling platforms will be approximately 600 meters 
(2,000 feet) apart. 

The deviated well will first be drilled vertically to a 
depth of 380 meters (1,250 feet) where it will be 
anchored. The deviation begins at this depth with a 
gradient of 1.50 per 10 meters. The well will be 
stopped when it reaches the coal seam after drilling for 
1,027 meters (to a depth of 760 meters). The deviation 
will then be 809. A 9-5/8 inch casing will be cemented 
at this depth. Drilling will continue through the coal at 
a diameter of 8-1/2 inches. The drill path will become 
horizontal shortly after entering the seam, and will be 
maintained in the bottom third of the coal seam. 
Collapse of the wall of the drain during drilling will be 
prevented by the use of high density drilling mud. A 
gamma-ray tool and a neutron tool will be used, coupled 
to the deviation measuring instrument, to monitor and 
control the drill path. 

The vertical well will intercept the end of the drain, 
and will be a traditional gas production well. The 
diameter of the production casing cemented at the 
seam will be 7 inches. 

Both wells will be equipped with 5,000 psi heads. 
Several tubings may be suspended in each well and will 
reach the seam, with no packer used. The materials

will be selected to withstand corrosion and high tem-
peratures. A liner will be lowered into the horizontal 
drain when the dense mud is still present. This liner 
can be perforated to provide an extensive contact 
surface between the coal and the injected oxygen and 
steam. 

To provide good communication between the wells the 
orientation of the vertical well relative to the end of 
the horizontal drain end will be determined by a magne-
tic transmitter/receiver in the vertical well that can 
detect the drain liner. Mechanical means (jets, erosion, 
fracturing, etc.), or coal combustion will then be imple-
mented to achieve the linking. 

The surface injection equipment consists of gas com-
pressors, an oxygen and nitrogen supply unit (with liquid 
storage facility, cryogenic pump and vaporization unit) 
and a boiler to produce steam. The production equip-
ment consists of a gas cleaning unit, a gas flare and a 
tank for waste water. Control of the whole installation 
and monitoring of operations will be carried out by the 
mobile data acquisition unit developed by GEGS. 

Pilot Test Schedule 

After ignition, gasification will be carried out during a 
first phase with a mixture of oxygen and nitrogen 
similar to the composition of air. The equipment 
installed on-site allows injection at a maximum flow-
rate of 2,000 cubic meters per hour (70,630 cubic feet 
per hour) of reconstituted air at pressures up to 100 bar 
(1,450 psi). During the next phase reconstituted air will 
be simultaneously injected at a similar flowrate with 
steam supplied from the boiler. The steam can be 
injected at up to 300 kilograms per hour (660 pounds per 
hour). This phase should allow the test to progress to 
the gasification stage with oxygen and steam at an 
oxygen flowrate of 200 to 400 cubic meters per hour 
(7,000 to 14,100 cubic feet per hour) and a steam 
flowrate of 150 to 300 kilograms per hour (330 to 
660 pounds per hour). 

After operating for one month with oxygen flowrates of 
400 cubic meters per hour and steam flowrates of 
300 kilograms per hour, about 500 tonnes of coal will 
have been gasified (i.e., 400 cubic meters, or 
14,000 cubic feet). For a seam thickness of 10 meters 
and a drain length of 8 meters for the first CRlF 
cavity, the average lateral extension of the cavity may 
be 5 meters. 

Gasification will be monitored by metering the gas 
injected and produced, by chromatographic analysis of 
the gaseous effluent, and by checking the pressures and 
temperatures in the injection and production wells. If 
the gas quality is still acceptable, gasifiation will be 
continued to determine the maximum extension of the 
cavity. When the gas quality becomes unsatisfactory, a 
second CRIP cavity will be formed with a drain length 
of 20 meters. Assuming the same ratio between the 
drain length and the cavity lateral extension, six 
months of operation will be needed under the same 
conditions as those of the first CHIP test. 

An alternative test program proposed by GEGS is to 
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COST AND TIMING OF GE(LS 
ALTERNATIVE TEST PLANS 

High Plowrate Low Flowrate 
Item Gasification Gasification 

Time Cost Time Cost 
G3 MM	 MM TM-07s MM MM 

francs francs 

Well Drill-	 4 20	 2.4 4 20 2.4 
ing and 
Completion 
Site Equip-	 3 8	 0.9 3 7 0.8 
ment 
Gasifiea-	 3 12	 1.4 10 23 2.7 
tion - 
Test Prep-	 - 12.5	 1.5 - 12.5 1.5 
aration 
Management 
Followup & 
Interpretation_ - - - - 

Total	 10 52.5	 6.2 17 62.5 7.4

increase the injection capacity to achieve oxygen flow-
rates of 2,000 cubic meters per day (70,600 cubic feet 
per day) and steam flowratcs of 1,500 kilograms per 
hour (3,300 pounds per hour). To achieve cavities 
identical to those described above, six days will be 
required for the first one, 36 days for the second one. 
However, modification of the size of some of the equip-
ment would be required. 

Depending on whether the flowrates are high or low 
during gasification, times and costs of the test are 
different. Table 1 lists times from the beginning of the 
drilling and costs of operations in both cases. 

TABLE 1

PILOT PLANT FOR yEW PARTIAL GASIFICATION 
PROCESS DUE ONSTREAM 

Vereinigte Elckrizitatswerke Westfalen AG (yEW) of 
the Federal Republic of Germany has just finished 
construction of a 10 tons per hour entrained flow coal 
gasifier. 

In the VEW Coal Conversion Process, a partial gasifica-
tion of coal is connected to a combined-cycle process 
(Figure 1). The gas is burned in a gas turbine after a 
partial gasification and gas cleaning. The remaining 
char is fired in the furnace of a conventional boiler. A 
partial gasification is chosen because it offers some 
essential advantages for application in power plants. 

FIGURE 1 
VEW COMBINED CYCLE PROCESS 

WITH 
INTEGRATED COAL GASIFICATION 
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Gas 

Gasilication cia-

Slag Sulphur + Salts

Entrained gasification has the advantages of: 
satisfactory operation with a variety of coal qualities 
regardless of their caking qualities; favorable load 
behavior; and the production of tar- and oil-free gas. 

The yEW Coal Conversion Process utilizes partial gasi-
fication in an entrained air-blown gasitier. The process 
of gas production as well as the gas cleaning system has 
been specifically developed for integration into power 
plant applications. 

The first part of the process consists of coal gasifica-
tion and gas cleaning, while the second part covers the 
combined-cycle process, in which the boiler is fired, 
with char dust produced in the gasifier by utilizing the 
remaining oxygen in the exhaust gas from the gas 
turbine. Through the 1970s a prototype partial 
gasification plant with a capacity of 1 ton per hour was 
run. Based on results gained from this test plant, the 
construction of a 10 ton per hour prototype plant was 
built and is to start operation in mid-1985. 

From the decision to begin the project, the maximum 
forecasted time to conduct the test should not exceed 
two years. 

Results expected from the experiment are: 

• Determination of the relation between the 
quantity of coal recovered, the quality of gas 
produced, and the length of the drain gasified. 

• Acquisition of basic data for extension of the 
experiment to the industrial scale. 

• Verification of the economic viability of gasifi-
cation by horizontal drains and estimation of 
production cost taking into account the experi-
mental data. 

• Acquisition of technological information for 
horizontal drilling in a coal seam and comple-
tion of the wells and horizontal channel.
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At the same location (the YEW Gersteinwerk Power 
Plant) a 750 megawatt combined-cycle unit was con-
structed (named Power Plant Werne). In this power 
plant the boiler is fired by coal and the gas turbine is 
fired by natural gas. The process design corresponds to 
the combined-cycle process with a partial coal gasifica-
tion according to the YEW Process. This unit started 
its scheduled operation at the end of 1984. So two 
parts of a new technology are tested in the same 
location, although they are of different sizes and not 
connected. 

In the prototype plant the coal is finely ground (smaller 
than 90_,am), before it is fed into the entrained gasifier 
by air with a feeding system. As the produced gas/char 
mixture has a temperature of approximately 1,400°C a 
waste heat recovery unit follows to cool it down to a 
temperature below the ash softening point. After 
separating most of the solid matter in a cyclone 
another waste heat recovery step follows and 
subsequently the separation of the fine dust particles in 
a bag filter. 

Lock hoppers and a rotary valve are the means by which 
the coal is fed by air into the pressurized gasifier 
(25 bar). In this process of partial gasification it is not 
necessary to have highly accurate metering of now 
rates. As only a part of the coal is gasified, the 
conversion rate may vary and the overall results of the 
process are not affected. 

The coal used in German power plants contains chlorine 
at about 0.2 to 0.3 weight percent. Gas cleaning must 
Include the elimination of chlorine and fluorine. 

Different gas cleaning options are to be investigated. 
In one system, the first step is a wet prewashing step 
where chlorides and fluorides are removed prior to an 
Amisol-Claus sulfide removal process. 

An alternative is using a dry removal system for 
chlorides and fluorides, operating at 300° to 350°C, and 
not removing the sulfur until after combustion, from 
the flue gas. 

A third system would be to eliminate chlorine and 
fluorine by wet gas cleaning and to remove sulfur by a 
flue gas desulfurization system. According to YEW, 
using flue gas desulfurization instead of hydrogen sul-
fide removal from fuel gas does not decrease the 
efficiency. The combination of the dry gas cleaning 
with flue gas desulfurization in fact offers an increase 
of efficiency. Furthermore a Claus plant connected 
with hydrogen sulfide-absorption is not suited to load-
following in a power plant. Chlorine and fluorine could 
be adsorbed in a circulating fluidized bed at 20 to 
25 bar by using lime. 

A test facility Is also set up within the prototype plant 
to study the corrosion behavior of gas turbine materials 
depending on the gas quality from different stages of 
the cleaning process. 

Commercial Applications 

The development of the process is directed toward the

eventual construction of commercial plants with a 
capacity of 600 to 800 megawatts. Three or four 
parallel streams are expected to be necessary for 
gasification and gas cleaning. Due to Its operating 
conditions the process allows a capacity of 60 to 
80 tons per hour coal per stream. 

The gasifier would be provided with a waste heat 
recovery cooler operating with high-valued steam pro-
perties. The produced steam is immediately fed into 
the steam turbine at 180 bar and 530°C. The char, 
which is removed in a cyclone and a bag filter at low 
temperatures, will be fed into the boiler's furnace for 
combustion by utilizing the available oxygen content of 
the exhaust gas of the gas turbine. The sensible heat of 
the raw low BTU gas is exchanged for reheating the 
cleaned gas. Preheating of all boiler feed water partly 
takes place in regenerative preheaters and partly in 
heat exchangers charged with flue gas, which are 
connected in parallel. A certain amount of the pro-
duced gas is needed to preheat the process air, which is 
used as oxidizing agent in the gasifier, to temperatures 
up to 600°C. 

For entrained gasification in general two process 
designs may be considered: (1) partial gasification, air 
blown (YEW Coal Conversion Process); and (2) total 
gasification, oxygen blown. With total gasification, a 
pure waste heat process, firing the produced gas totally 
in the gas turbine will probably be used. 

For total gasification systems, the raw gas temperature 
must be quenched to solidify molten slag particles, so 
they will not adhere to the walls of the radiant cooler. 
The partial gasification does not have this problem 
because no pure ash particles are produced. Adhesion 
of char particles on the walls has not been seen In the 
various tests. 

The gas with a low amount of carbon dioxide produced 
in a partial gasification facilitates the choice of a 
process for sulfur removal. 

In comparison to the total gasification pure waste heat 
process, the partial gasification supplementary-fired 
process generates a lower amount of flue gas. There is 
no problem in realizing low flue gas temperatures at 
the boiler's outlet. 

A comparison of attainable efficiencies using the oxy-
gen-blown total gasification approach and the yEW air-
blown partial gasification approach is given In Figure 2. 
Results are plotted as a function of the gas turbine to 
steam turbine ratio. 

For the total gasification a significant difference of 
efficiency is seen to depend on the inlet temperature of 
the gas turbine. For all inlet temperatures an effi-
ciency increase can be achieved by using a second 
pressure range in the steam cycle. 

For the VEW Coal Conversion Process, the gas 
turbine/steam turbine ratio ends at a lower value, 
because—due to the production of the char—this is a 
supplementary-fired process. Because of the low ratio 
of gas turbine to steam turbine the inlet temperature of 
the gas turbine is not so important for the efficiency.

- 
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FIGURE 2 
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An increase of the steam properties is possible in the 
supplementary-fired process without decreasing the gas 
turbine output. If the steam properties are increased to 
approximately 550°C and supercritical pressure a 
further efficiency increase can be achieved as shown. 
While the two compared processes show about the same 
efficiency level otherwise, operation with improved 
steam properties allows the efficiency of the partial 
gasification process to substantially exceed that of the 
total gasification processes. 

yEW enumerates the advantages for their approach as 
followss 

• High carbon utilization, irrespective of the coal 
conversion in the gasifier. Transfer of the 
problems of carbon utilization from the gasifi-
cation to the combustion process. 

• The production of a tar- and oil-free gas per-
mits total waste heat recovery and avoids un-
desired effluents. 

• Use of all coal qualities, regardless of their 
caking qualities, ash behavior and granularity. 

• Good load behavior of the gasifier enabling It to 
follow varying demands of a power plant. 

• The partial gasification allows a certain inac-
curacy in the coal metering system. 

• The principle of entrained gasification enables 
the construction of gasifiers with throughput 
capacities of 60 to 80 tons per hour.

• The low carbon dioxide content of the raw gas 
(c 4 volume percent) Implies favorable operat-
ing conditions for the hydrogen sulfide absorp-
tion. The mass loss for the gas turbine caused 
by washing out the carbon dioxide is very small. 

The efficiency can be increased up to 45 percent by 
using dry gas cleaning as well as higher-valued steam 
properties. Compared with conventional coal-fired 
plants an important factor is a reduced coal consump-
tion of 12 to 17 percent. This fuel saving Is Important 
in connection with the high costs of German coal. 

The 10 tons per hour prototype plant, the total costs of 
which are 160 million DM, is sponsored by the Federal 
Minister of Research and Technology. The plant is 
planned to operate approximately 5 years. It was 
reported to the 2nd EPRI Conference on Synthetic 
Fuels in April that startup was expected that month. 

U-GAS PROCESS TESTED ON UTAH, FRENCH COALS 

U-GAS Process 

The U-GAS process has been developed by the Institute 
of Gas Technology to produce a low- to medium-BTU 
fuel gas from a variety of feedstocks. Tests with 
different feedstocks have achieved 98 percent coal uti-
lization with long-term steady-state operation. The 
process has been selected by Charbonnages de France, 
the French national coal company, as the design basis 
for a demonstration plant to be constructed In France. 
Recently, tests have been conducted in the pilot plant 
to obtain specific design information for use of the 
process to generate electrical power. Some results 
were discussed by IGT at the Symposium on Coal 
Gasification and Synthetic Fuels for Power Generation 
held in San Francisco, California, April 14, 1985. 

The U-GAS process accomplishes tour distinct func-
tions in a single-stage fluidized-bed gasifier (Figure 1): 
it decakes coal, devolatilizes coal, gasifies coal, and 
agglomerates and separates ash from the reacting char. 

In the process, coal (1/4 inch x 0) is dried only to the 
extent required for handling purposes. It is injected 
pneumatically into the gasifier through a lockhopper 
system. Within the fluidized bed, coal reacts with 
steam and oxygen (air can be substituted for oxygen) at 
temperatures of 1,750° to 2,000°F. The temperature of 
the bed depends on the type of coal feed and is 
controlled to maintain non-slagging conditions for ash. 
The operating pressure utilized depends on the ultimate 
use of product gas and may be varied, as required, 
between 50 and 450 psig. 

Simultaneous with coal gasification, the ash is agglo-
merated into spherical particles and separated from the 
bed. Part of the fluidizing gas enters the gasifier 
through a sloping grid. The remaining gas flows upward 
at a high velocity through a venturi and forms a local 
hot zone within the fluidized bed. The temperature 
within the hot zone is higher than at other locations in 
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FIGURE 1 
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feedstocks for testing have been selected to cover a 
wide range of important coal properties that could have 
significant effects on gasification and ash agglomera-
tion. The range of the feedstock properties is shown in 
Table 2.

TABLE I 

U-GM GASIFIER FEEDSTOCKS 

• Western Kentucky No. 9 Bituminous (both washed 
and unwashed) 

• Western Kentucky No. 11 Bituminous 
• Illinois No. 6 Bituminous 
• Pittsburgh No. 8 Bituminous 
• Australian Bituminous 
• Polish Bituminous 
• French Bituminous (unwashed) 
• Utah Bituminous (unwashed) 
• Montana Sub-Bituminous 
• Wyoming Sub-Bituminous 
• Metallurgical Coke 
• Western Kentucky Coal Char 
• Illinois No. 6 Coal Char 

OXYGEN- 
AND STEAM 

OXYGEN 
AND STEAM

ASH 
LOCK - 

HOPPER

the bed therefore, high-ash-content particles agglo-
merate and grow into larger and denser particles. 
Agglomerates grow in size until they are selectively 
separated and discharged from the bed into water-filled 
ash hoppers where they are withdrawn as slurry. In this 
manner, the fluidized bed achieves the same low level 
of carbon losses in the discharge ash generally asso-
ciated with the ash-slagging type of gasifier. 

Coal fines elutriated from the fluidized bed are cap-
tured in two external cyclones. Fines from the first 
cyclone are returned to the bed; fines from the second 
cyclone are returned to the ash-agglomerating zone, 
where they are gasified and the ash is agglomerated 
with bed ash. the raw product gas is virtually free of 
tar and oils. 

Most of the U-GAS process development work has been 
accomplished on a pilot plant put into operation in 1974 
at laPs test facilities in southwest Chicago. A total of 
10,000 hours of U-GAS process operating time has been 
logged. 

According to IGT, the main attraction of the U-GM 
process Is its versatility. Pilot plant tests have shown 
that it can gasify a wide variety of coals with high 
conversion efficiency; therefore, a U-GM gasifier can 
be considered a "univeral gasifier." 

A wide variety of feedstocks from the United States 
and other countries has been used to determine process 
sensitivity to variables including ash content, ash pro-
perties, particle size, reactivity, free-swelling index, 
and nature and percentage of volatile matter. Ten 
types of coal and three types of char have been tested 
in the pilot plant; these are listed in Table 1. The

TABLE 2

RANGE OF U-GAS GASIPIER FEEDSTOCK PROPERTIES 

Moisture,' %	 1-32 
Volatile Matter,'' %	 343 
Ash,'' %	 6-35 
Sulfur,'' %	 0.5-4.6 
Free Swelling Index	 o-s 
Ash Softening Temperature: 

OF	 1,980-2,490 PC	
1,080-1,370 

Gross Heating Value, 
BTU/Lb	 7,580-12,650 
kJ/kg	 17,631-29,424 

received 
''Dry basis 

All feedstocks are 1/4 inch x 0 In size and are fed to 
the gasifier without any removal of fines, and without 
any pretreatment, regardless of caking tendencies. 

Recent Tests 

Recent tests with French coals have shown that the 
process can handle both high-ash-content feedstocks 
and those with a continually changing percentage of 
ash. IGT states that this process flexibility is possible 
because the U-GM reactor tolerates fluctuation in 

-
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both the fluidized-bed height and the fluidized-bed car-
bon/ash ratio. The U-GAS process also can handle 
coals having very high ash-fusion temperatures. This is 
possible because the process requires only softening of 
ash particle surfaces, not melting of the ash. Pilot 
plant tests have achieved coal conversion efficiency of 
above 97 percent with coal that has ash fluid tempera-
litres exceeding 2,700'?. Tests with highly reactive 
coals have also been successful. With these coals, the 
bulk of the fluidized bed operates at the relatively low 
temperature needed for gasification; ash agglomeration 
is achieved by maintaining a higher temperature zone in 
only a small portion of the fluidized bed. 

A French Merlebach coal was successfully gasified 
during two tests conducted for Charbonnages de France 
(Cdl'). During the second test, the plant was operated 
continuously for 4 days. A coal conversion efficiency 
higher than 95 percent was maintained continuously 
during the last two set points. 

Throughout the test, the gasifier was able to handle 
both the high ash content (average 30 percent) and its 
variability (20 to 35 weight percent). In addition, 
because the coal was unwashed, it contained a large 
quantity of shale, which was also handled by the gasi-
fier without any detrimental effect on operations. 

Successful recycle of fines from both cyclones demon-
strated (1) that the fines could be gasified to extinc-
tion, (2) and that the resultant tine ash was agglomer-
ated and discharged without any buildup of fines or ash 
in the gasifier system. 

A Utah bituminous coal was gasified in a pilot-plant 
test conducted for ANR Technology Company. The test 
confirmed the feasibility of producing low-BTU gas by 
gasifying the coal with air instead of oxygen as the 
gasification medium. 

The pilot plant was operated for six days with a coal 
conversion efficiency of 93 to 99 percent. 

Gasification was carried out both with air and steam, 
and with enriched air (34 percent oxygen) and steam. 
The heating value of the low-BTU product gas was 
varied between 75 and 111 BTU per standard cubic feet. 

As part of the overall program, three special tests were 
conducted. In one of them, limestone was injected into 
the fluidized bed along with coal to test the capture of 
sulfur compounds. 

Another special test evaluated a high-temperature coal 
fines filter. If coal fines could be removed from the 
low-BTU product gas at high temperatures (1,000° to 
1,5000F), then product gas could be utilized directly, 
thus simplifying the commercial plant design and im-
proving efficiency and economics. A hot ceramic 
candle filter was installed on a slipstream and operated 
throughout the six day test. There was no blinding of 
the filter medium or any continuous increase in pres-
sure drop or cycle time of the filter system. 

The combustion characteristics of the low-BTU product 
gas were evaluated in a specially-installed burner and

furnace. Stable combustion was achieved with gases 
from all set-points. 

Charbonnages de France Project 

In October 1982, Charbonnages de France launched a 
long-term coal demonstration plant project and nego-
tiations with process licensors. in signing a licensing 
agreement with IGT/GDC in June 1983, Cd? made the 
decision, among others, to build and operate a 
201 tonnes per day, 30 bar pilot unit, a stage large 
enought for scaling the gasification process to an 
industrial size without incurring major risks. 

At the Mazingarbe demonstration plant site a wide 
variety of coals will be tested. 

The total cost of the fluidized-bed gasification It & D 
program amounts to 490 million francs (MF)—about 
$61 million United States—as follows: 

Item	 -	 Cost in Ml' 

Capital Outlay	 290 
Start of Tests and Measurements 	 40 
Subsidiary Research Work	 160 

Total	 490 

The European Economic Community is providing finan-
cial support to the project. 

The rest of the capital Is being provided by CdF and the 
Government of France. Construction is scheduled to 
start in late 1985 or 1986. 

LUMMUS CREST SELECTED FOR FEASIBILITY 
STUDY OF GREEK LIGNITE GASIFICATION 
COMPLEX 

On June 12, 1985 Combustion Engineering, Inc., an-
nounced that its subsidiary, Lummus Crest Inc., has 
been selected by Nitrogenous Fertilizer Industry S.A. 
(AEVAL) of Ptolemais, Greece to conduct a comprehen-
sive feasibility study for the expansion and moderniza-
tion of the Ptolemais Integrated lignite gasification 
fertilizer complex. The study, being performed in 
conjunction with Kaiser Engineers, will be completed by 
the end of 1985, with the project implementation 
program scheduled for completion during 1989. 

The objective of the study is to provide a technical 
assessment of the lignite gasification technology being 
offered by Technoexport of Czechoslovakia, using feed-
stock indigenous to Greece to produce a purified gas for 
ammonia production, and possibly substitute natural gas 
(SNG). A 5,000 tonne full-scale industrial test of Greek 
xylitic-type lignite was conducted by Technoexport at 
an existing gasification plant near Usti, Czechoslo-
vakia. The technology is a fixed-bed gasification 
technology. 
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The proposed project could include a lignite gasification 
unit, ammonia and urea units, and various other upgrad-
ing programs at the Ptolemais complex. The size and 
the exact configuration of the complex have not yet 
been finalized, but under the larger scenario, product 
from the facility will be used to produce approximately 
600,000 tonnes of ammonia per year and 70,000 cubic 
meters per hour of medium-BTU town gas, or 
36,000 cubic meters per hour of methane-rich gas 
(SNG). The town gas or SNG will be transported via a 
pipeline from Ptolemais to Thessalonika (135 kilo-
meters), and it will feed residential and industrial users 
along the pipeline.

#4*# 

SAARBERG COAL/OIL COPROCESSING 
DEVELOPMENTS NOTED 

At the EPRI Conference on Coal Gasification and 
Synthetic Fuels for Power Generation, held in April, a 
paper by H. Wurfel of Gfk Gesellschaft fur Kohiever-
flussigung mbfl, (which is 100 percent owned by Saar-
bergewerke AG), Saarbrucken, Federal Republic of Ger-
many, portrayed recent coal liquefaction developments. 

Starting in 1974 research work has been performed 
based on the IG-Farben process. Without selecting a 
specific process Gflc installed a 6 tons per day pilot 
plant based on the IG-Farben process except for the 
residue handling. In this pilot plant a number of new 
process developments had their origin. 

Gfk believes that coprocessing of heavy crude oil 
fractions with coal may be an attractive way to im-
prove the economics of coal hydrogenation. In princi-
ple, there are three possibilities for processing. First, 
the straight run heavy crude oil fraction can be pro-
cessed together with the coal; second the crude oil 
fraction can be thermally treated by visbreaking prior 
to coprocessing and third the heavy crude oil fraction 
can be hydrogenated separately and the residue there-
from then processed along with the coal. Gfk prefers 
the two latter methods. 

The advantage of coprocessing results from the fact 
that coal liquefaction requires a high amount of slurry 
oil. If there are suitable crude oil residues available a 
considerable part of the necessary slurry oil can be 
replaced by this oil. 

As with integrated hydrotreating-refining, this techni-
que is not always applicable. The following aspects 
have to be taken into consideration: 

• The crude oil residue to be processed must not 
exceed a certain hydrogen content to avoid 
precipitation of the asphaltenes. 

• The properties of the liquid-phase products 
range between those obtained if coal and oil 
were processed separately, 

• The larger the portion of crude oil derived 
residues the heavier will be the product.

Gfk has worked out a coprocessing concept which was 
successfully demonstrated in the pilot plant. 

Figure 1 explains this concept. It is based on an annual 
throughput of 1 million tons of coal and 1 million tons 
of Arabian heavy crude oil. First the crude oil is 
topped in a fractionator and the reduced crude is 
thereafter hydrogenated in the liquid phase using a 
disposable iron salt catalyst. The heavy oil hydrogena-
tion residue is then coprocessed with coal in a liquid 
phase. This kind of coprocessing of crude oil residues 
and coal increases the purity of the products. A large 
amount of diesel fuel can be produced from the crude 
oil. In contrast, the coal distillate oil (due to its high 
aromaticity) is more suitable for further upgrading to 
gasoline. 

Table 1 shows the product slate of the combined 
processing of coal, tar, and an oil hydrogenation resi-
due. The oil hydrogenation residue had a hydrogen 
content of 10.2 percent, whereas the coal-derived 
slurry oil hydrogen content was only 8.7 percent. 

TABLE 1 

PRODUCT YIELDS OF COPROCESSING
Coal (83.7 Weight % maO

Tar (7.8 Weight %)
Heavy Oil Hydrogenation Residue

(8.5 Weight %)

Wt. % mat Inout 

-

C1-C4 Hydrocarbon Gas 	 15.9 
Naphtha 200°C	 12.8 
Middle Oil 200°-3450C (95%)	 44.2 
Solvent Refined Coal 	 19.1 
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COMPLUX METHANIZATION PROCESS AWAITS 
COMMERCIAL APPLICATIONS 

The COMFLUX Process is a single-stage process for the 
combined methanization and partial shift conversion of 
carbon monoxide-rich gases in a pressurized fluidized 
bed reactor. Development work was started in 1974 by 
Thyssengas Gmbll, Duisburg, in cooperation with Didier 
Engineering GmbH, Essen. The project was financially 
sponsored by the German Federal Minister for Research 
and Technology. 

The COMFLUX technology permits the processing of 
feed mixtures with carbon monoxide partial pressures 
up to 20 bar; this value is approximately 10 times 
greater than in conventional fixed bed methanation 
processes. 

A pilot plant was constructed at the site of Ruhrchemie 
AG in Oberhausen-Holten. Table 1 lists the plant 
characteristics and the plant is shown schematically in 
Figure 1.

TABLE I

COMPLUX PILOT PLANT 

Reactor Diameter, mm (internal) 1,000 
Reactor Height, Meters 11 
Reactor Pressure, Bar 13-60 
Steam Drum Pressure, Bar 70-120 
Fluidized Bed Temperature, °C 450-550 
Feed Gas, Cubic Meters/Hour 3,000-10,800 
112/CO Ratio, Vol/Vol 2.0-3.0 
Recycle Gas Ratio, Vol/Vol 0.0-0.3 
Gas Velocity, Centimeter/S 5-30 
SNG Production, Cubic Meters/Hour 1,200-3,000 
Steam Production, Tons/Hour 1.0-5.2 
Steam Temperature, °C 370-475 
Fluidized Bed Height, Meters 2-4 
Catalyst Charge, Tons 0.8-1.6

The feed gas is purified at the feed-in point by means 
of zinc oxide and activated charcoal filters. After 
being heated to 200°C the feed mixture passes into the 
reactor through the gas distributor. The reactor con-
tains 0.8 to 1.6 tons of fine-grained methanation cat-
alyst with a rain distribution of between 10 to 
400 microns. Before being fed into the reactor, fresh 
catalyst has to be reduced in the activating system with 
hydrogen at temperatures of about 400°C and a pressure 
to 2 to 5 bar. The reaction gas is completely dedusted 
at the reactor head and then cooled. The reaction 
water is collected in the gas condensate vessel. Part of 
the SNG may be added to the feed gas by the recycle 
gas compressor, in order to stabilize the fluidized bed 
during low load operation.

FIGURE 1 

COMFLUX PILOT PLANT 
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The heat release during the methanatlon is eliminated 
by evaporative cooling in the vertical field tubing 
system of the reactor, which is submerged in the 
fluidized bed. 

A test program was conducted with good results during 
1982/1933. The final test run went on a continuous 
basis for 2,200 hours with no serious failures. Carbon 
monoxide conversion was complete and generally of 
adequate selectivity. 

According to Thyssengas GmbH, the pilot tests were a 
successful conclusion of the development of the COM-
FLUX process. The process is now available for com-
mercial application. 

Savings in capital expenditure and operating costs of 
methanation, and the production of high-pressure steam 
should make the COMFLUX process attractive. 
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ENVIRONMENT 

RAWLINS UCG SITE RESTORATION 
NEARING COMPLETION

FIGURE 1 
Gulf Research and Development Company (GRDC), 
with the sponsorship of the United States Department 
of Energy, conducted two underground coal gasification 
(UCG) tests near Rawlins, Wyoming in 1919 and 1981. 
Contract responsibilities for site restoration were 
transferred to Energy International, Inc. during Summer 
1985. 

Post-test subsurface environmental monitoring com-
menced immediately after the conclusion of each test 
and site reclamation began after the completion of 
Rawlins Test 2 during April 1981. The majority of 
restoration activities were performed during the Sum-
mer 1982 including removal of most surface and sub-
surface facilities, recontouring, preparation of the land 
surface and reseeding. In subsequent years, monthly 
Inspections were conducted by GRDC personnel and 
State of Wyoming inspectors from the Department of 
Environmental Quality. 

In reporting to the 11th Underground Coal Gasification 
Symposium on the status of the restoration efforts, 
M. Bloomstran of Energy International said measure-
ments of groundwater temperatures indicate that the 
reactor has cooled and that surrounding groundwater 
temperatures have returned to pre-test values. 

Analyses of groundwater samples indicate minimal im-
pact on water quality due to the UCG reactor cavity, 
and monitoring of groundwater levels indicates that 
they are returning to pre-test levels. 

No surface subsidence has occurred due to the UCG 
process. 

The groundwater monitoring program consists of moni-
toring in ten hydrology wells. Water level measure-
ments are taken monthly in all hydrology wells. 
Groundwater sampling and analysis is performed semi-
annually. 

Three of the wells are hydrology characterization wells 
which were drilled prior to Rawlins Test 1; three of the 
wells are Rawlins Test 1 hydrology wells; and four of 
the wells are Rawlins Test 2 hydrology wells. A plan 
view of the hydrology well locations and associated 
UCG cavities is shown in Figure 1. 

Groundwater temperature measurements show that the 
temperature has returned to baseline levels. Tempera-
tures showed a steady decline and returned to baseline 
approximately two years after Rawlins Test 2. 

There has been no indication of significant groundwater 
contamination on or new the Rawlins site. Temporary 
plumes of higher TOC and phenol concentrations emit-
ted from Rawlins Test 1 have returned to baseline. 

Measurements of groundwater levels indicate that both 
the Test 1 and Test 2 cavities have filled with water.

PLAN VIEW OF HYDROLOGY WELL 

FIELD AND ITS ASSOCIATED UCG
REACTORS 

0	 0	 0	 0 

V	 °	 ....... 
--'' 

Plots of water levels in the hydrology wells showed an 
increase in level during the tests due to pressurization 
of the formation. Water levels began to decline im-
mediately after the tests as the pressure was relieved 
and the UCO cavity began to fill with water. Water 
levels in hydrology wells are again increasing, Indicat-
ing that the Test 2 cavity is filled and that water levels 
are returning to pre-test levels. 

According to Energy International, it Is anticipated that 
restoration will be complete by the spring 1987. 

PARTIAL SEAM CR11' TAR ANALYZED 

A considerable amount of underground coal gasification 
(UCO) data has been reported over the past ten years. 
However, there has been relatively little information 
published concerning the organic liquids ("tar") pro-
duced from UCG. 

All UCG groups report production of less tar than would 
be expected from pyrolysis of an equivalent amount of 
coal. in addition, the tar fractions are lighter, lower in 
molecular weight, and have lower boiling points than 
that produced from coal pyrolysis. This is because the 
UCG derived coal tar is a fractionated portion of the 
total generated tar. Much of the heavy ends are 
trapped underground and undergo secondary pyrolysis, 
or even complete destruction. Therefore, one would 
expect less tar to be produced by UCG, and one would 
also expect a lighter product to be formed. 

Over 100 tar samples were taken during the Partial 
Seam CRIP, (PSC) test, which was conducted by Law-
rence Livermore National Laboratory (LLNL) at the 
WIDCO mine in October-November, 1983. Tar samples 
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were collected daily. Results were reported recently 
by D. Stephens and C. Thorsness of LLNL at the 
11th Underground Coal Gasification Symposium in 
August. 

The PSC burn exhibited three phases: the formation of 
the first cavity, from days 0-14.4; the second or CRIP 
burn, which began a new cavity 25 feet upstream from 
the first injection point, which lasted from day 14.4 to 
22.3; and finally a post-collapse period from day 22.3 to 
test termination on day 29.6. This final phase com-
menced when a massive roof fall occurred in the 
underground system causing a permanent change in 
process geometry. 

The first burn phase exhibited good gasification para-
meters, with an average dry product gas heating value 
of 250 BTU/scf. The burn rose to the top of the coal 
within three days, as evidenced by thermal instru-
mentation. 

The CRIP phase exhibited the best gasification quality, 
with an average dry gas heating value of 296 BTU/scf. 
The burn initially spread out in the lower portion of the 
seam, and stayed lower in the seam for a longer period 
of time than the first burn. 

The roof fall dramatically changed the character of the 
burn. The burn remained at the top of the seam, and 
the average dry product gas heating value decreased 
considerably, and averaged only 220 BTU/sef. 

Tar Results 

For comparative purposes tar samples were also gen-
erated from pyrolysis of MDCO coal. AU tars were 
analyzed for density, simulated distillation fractions, 
chemical composition and C, H, N, 5, and 0 (by 
difference). 

The data show the liquid organic product from the 
Partial Seam ChIP test to be a somewhat lighter 
product than expected from coal pyrolysis. The simu-
lated boiling point curves and abundance of light spec-
ies such as benzene and naphthalene are quite different 
for pyrolysis and for the PSC-derived tars. The 50 per- 
cent plus fraction for the WIDCO coal tar exhibits a 
distillation curve 10-40°C higher than for the PSC tars. 

The coal tar specific gravity varies from 0.97 to 1.07. 
Although there is an apparently smooth variation with 
time, no conclusions were drawn with regard to density 
as a function of burn conditions. 

Also, few conclusions could be drawn from the C, H, 
and 0 analyses. It appears that a higher H/C ratio may 
have been produced during the CRlF burn than for the 
first cavity; this also may have been true for the 0/C 
ratio. However, the effects appear to be small. 

Light hydrocarbon gases (ethene, ethane, propene, pro-
pane, normal- and iso-butane), the phenols, and total 
tars, all show similar correlations with time. The 
relative abundances are lower during the first burn, 
higher during the CHIP burn, then begin to decrease on 
day 19-20, before massive roof collapse on day 22.3. 
The values decrease rapidly with time after thy 20.

The lighter ring compounds (2-4 rings), such as naphtha-
lane, phenanthrcne, unethylnaphthalene, anthracene, 
trirnethylnaphthalene, fluorene, pyrene and fluoran-
thene, correlate similarly. 

Benzene shows little variation during the first and CHIP 
burns. There is, however a sharp drop on day 22.3, 
when a massive root collapse occurred, and then a 
lower and decreasing value. 

The variation of Individual species with time may be 
indicative of burn conditions. The light hydrocarbons 
are thermally sensitive and are highly susceptible to 
cracking, as are the phenols. The 2-4 ring compounds 
are less sensitive, and benzene Is the least sensitive to 
cracking. 

Apparently cracking conditions were least severe during 
the early phase of the CRIP burn; cracking conditions 
began to increase on day 19-20 and became rapidly 
more severe with time following this period. Cracking 
conditions apparently were Intermediate during the 
first burn. Increased cracking may correlate with 
increased temperature in the underground system. 

A comparison of the PSC tar chemical abundance with 
W!DCO coal tar is instructive. The total tar from 
pyrolysis is 0.165 kilogram per kilogram daf coal. 
Little tar was produced during the first cavity, while 
tar analyses for the CRIP phase approached the amount 
from pyrolysis. 

Approximately three times as much benzene was pro-
duced in the PSC tars as was produced from primary 
pyrolysis. About 0.01 kg benzene/kg daf coal was 
produced in the PSC tars, while only 0.0035 kilogram 
per kilogram daf coal was produced from pyrolysis. 
This is consistent with the production of benzene from 
secondary pyrolysis. On the other hand, the PSC tars 
contained less toluene and xylenes than that produced 
by pyrolysis. 

Comparison to Surface Gasifier 

The packed bed character of UCG has been well esta-
blished for at least the early phases of gasification. 

Therefore, UCG tar data should be compared with that 
of packed, moving bed surface gasifiers; specifically, 
the Lurgi gasifier, rather than entrained or fluidized 
bed systems. Data from both the conventional and 
shagging Lurgi process are given in Table 1. The 
amount of tar produced in the PSC test, 0.04 kilogram 
per kilogram, is lower than the values for the dry 
bottom Lurgi of 0.07 to 0.13 kilogram per kilogram. 
The slagging Lurgi apparently produces less organics, 
ranging from 0.04 to 0.06 kilogram per kilogram. It can 
be argued that UCG, in general, involves partial slag-
ging, since some glassy slag as well as loose ash was 
observed when excavating the large block experiments 
and in post burn coring of most IJCG tests. Thus the 
closer agreement with the slagging Lurgi data is not 
surprising. 

Table 2 compares tar data from several UCG tests. 
There is some indication that low heating value burns

- 
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TABLE 1 

COMPARISON OF TAR DATA FOR
MOVING BED SURFACE GASIFICATION

(Kilogram/Kilogram daf Coal) 

Slagging Lurgi - Westfield, Scotland

Rosebud	 Illinois #5	 Illinois #6	 Pittsburgh

produce lower tar/coal ratios, such as the 0.007 value 
for the Hoe Creek No. 3. There also is an indication 
that oxygen burns produce lower tar/coal ratios than 
corresponding air burns. Compare the Rawlins II oxy-
gen burn value of .012 kilogram per kilogram with 
Rawlins I air burn number of 0.073. Such a trend may 
be real, as one may expect the steam-oxygen burns to 
produce higher underground temperatures and thus 
more severe cracking. However the PSC was a steam-
oxygen burn and produced an intermediate value of 
0.042 kilogram per kilogram. 

The tar/coal ratios for UCO are considerably lower 
0.061 0.061 0.042 0.056 than the same ratios from pyrolysis.	 For example, the 

Hanna I UCG value is 0.028 kilogram per kilogram as 
compared to 0.16 for Hanna coal pyrolysis (Table 2). 

Dry-Bottom Lurgi The PSC value of 0.042 is considerably less than the 
0.165 kilogram per kilogram from pyrolysis of WIDCO 
coal.	 In general the UCG organic yields are less than 

Great El Paso WESCO half of the values expected for pyrolysis. 
Plains New New Panhandle 
North Mexico Mexico Wyoming LJCG-derived tar residues boiling above 500°C vary 
Dakota Sub- Sub- Hard from essentially zero for Hanna I and Rawlins II to 
Lignite Bituminous Bituminous Lignit 5 percent for the Partial Seam CHIP test. 

0.093 0.112 0.130 0.101 Lurgi surface coal gasification data show that approxi-
mately 60 percent of the organic liquids produced is 

American Northern classified as tar.	 Residues boiling above 450°C for a 
Natural Natural typical coal tar are about 50 percent. Tars produced in 
North Wyoming a fluidized bed gasifier, using North Dakota lignite, 

Dakota Sub- exhibited boiling points in excess of 500°C for 80 per-
Lignite Bituminous cent of the material. Comparing the small tar residues 

In excess of 500°C for UCG tars, it is clear that UCG-
0.073 0.119 derived tars exhibit lower boiling points than those 

derived from surface coal gasification or from coal 
pyrolysis. 

TABLE 2 

COMPARISON OF TAR/COAL (MAP) 
RATIOS FOR UCO

(Kilogram/Kilogram del)

500°C 
UCG	 Pyrolysis

Henna! 0.028 0.151 
Henna II, Phase IA 0.033 
Henna II, Phases 11-111 0.028-0.041 
Henna IV 0.005-0.013 
Hoe Creek No. 1 0.058 
Hoe Creek No. 2 0.027 
Hoe Creek No.3 0.007 0.101 
Rawlins I 0.073 
Rawlins II 0.012 
Partial Seam CRIP 0.042 0.165
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RESOURCE 

COURT VOIDS 1982 POWDER RIVER BASIN 
COAL LEASES IN MONTANA 

In a May 1985 ruling on the Northern Cheyenne Tribe 
versus Donald 1-lodel, 'the United States District Court 
for Montana ordered the Interior Department to rescind 
at least six coal leases in Montana's Powder River 
Basin. The lawsuit was filed by the Northern Cheyenne 
Indian Tribe and ruled on by District Judge James 
Battin. It stems from the 1982 Powder River Basin coal 
lease sale. 

According to a spokesman for the Western Organization 
of Resource Councils, the ruling voids the lease sale of 
370 million tons of coal in Montana. Some lessees had 
already started mining operations. 

Montana Power's Western Energy coal subsidiary will 
apparently have to rework the mine plan for the Rose-
bud mine, which serves the utility's Colstrip power 
plant and ships to commercial customers in the Mid-
west 

The judgment declared that the Montana portion of the 
Powder River Coal Sale of April 28, 1982 violated the 
National Environmental Policy Act, the Mineral Lands 
Leasing Act as amended by the Federal Coal Leasing 
Amendments Act of 1976, and the federal trust respon-
sibility to the Northern Cheyenne Tribe, in that the sale 
was formulated without adequate consideration of: (a) 
its cultural, social, or economic effects on the Northern 
Cheyenne Tribe, the Northern Cheyenne Reservation, 
or any Reservation community, or (b) means to mitigate 
such effects. 

The Northern Cheyenne Indian Reservation lies in the 
middle of the Powder River coal region. In the April 
1982 sale the Department offered to lease eight tracts 
in Montana containing approximately 465 million tons 
of federal coal. Other tracts situated in Wyoming were 
also offered. The eight Montana tracts, which include 
both "production maintenance" and new mine tracts, 
surround the reservation on its north, east, and south 
sides, and the tracts lie in close proximity to the 
Reservation's borders: the farthest is only about 
16 miles from the Reservation's southern border. 

Included among those effects that must be assessed in 
an EIS are the social and economic impacts of the 
proposed action. The court noted that the Council on 
Environmental Quality (CEQ) regulations, which have 
been adopted by the Department of the Interior, define 
effects or impacts broadly to include "ecological. . 
aesthetic, historic, cultural, economic, social, or 
health, whether direct, indirect, or cumulative." 

The Interior Department objected to the Tribe's 
emphasis on social and economic impacts in its attack 
on the EIS. In its definition of the human environment, 
the CEQ recognizes that economic and social effects do 
not, by themselves, necessitate the preparation of an 
£15. Thus, a low income housing project, post office, 
etc., does not fall within the ambit of NEPA. Such

actions have no connection to a physical effect on the 
natural environment However, the court noted that if 
an im pact statement is otherWise re q uired because the 
proposed action impacts the natural or physical envir-
onment, then the agency must consider all impacts of 
the action including the interrelated economic or social 
impacts. 

Judge Battin concluded that the concerns of the North-
ern Cheyenne Indian Tribe as an entity were largely 
ignored in the CIS. He said that neither the EIS nor the 
administrative record reflects that members of Indian 
communities situated near the lease tracts were in fact 
treated "as potentially affected citizens in the sale 
area." The EIS devotes much of its sparse socioecono-
mic analysis to discussion of potential impact to the 
off-reservation communities of Ashland, Broadus, and 
Hardin. For those communities analyses of the socio-
economic impacts of the proposed coal development, 
Including population increases, schools, medical facili-
ties, law enforcement, dwelling units, and employment 
were prepared. Despite the comparable population of 
Lame Deer, and the fact that it and other communities 
within the Reservation lie closer to the lease tracts 
than some of the off-Reservation communities that 
were studied, there is no evidence that socioeconomic 
or cultural impacts on the Northein Cheyenne Tribe 
were considered. The £15, for example, does not 
acknowledge the existence of the tribal government and 
its powers and responsibilities, does not recognize that 
the Reservation is culturally distinct within the region, 
and does not consider that the different structure of 
public finance on the Reservation may vary the Tribe's 
ability to mitigate the Impacts of Increased coal devel-
opment as compared to surrounding communities. 

Although the Court's decision focuses on the exclusion 
of essential information from the £15 rather than 
relying on the quality of the analysis which was at-
tempted, the Court noted that the cultural, social, and 
economic impact analysis in the Powder River £13 is 
"strikingly deficient" when compared to EISs for similar 
federal actions. 

Therefore, the Court concluded that for the Depart-
ment to take a "hard look" at the environmental conse-
quences of its actions it was required to disclose and 
consider the social, economic, and cultural impacts of 
the proposed coal development on the Northern 
Cheyenne Indian Tribe as an entity. In the judge's eyes, 
neither the EIS, other decisional documents, nor the 
administrative record reflect that the Department 
undertook this analysis. 

The Court further concluded that the special trust 
relationship historically existing between the United 
States and the Northern Cheyenne Tribe obligated' the 
Secretary to consider carefully the potential impacts to 
the Tribe resulting from the lease sale of federal coal 
tracts tying adjacent to or near the Reservation. Ignor-
ing the special needs of the Tribe and treating the 
Northern Cheyenne like merely citizens of the affected 
area and treating reservation land like any other real 
estate violated this trust responsibility. 
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Coal Research Projects, "Supply, Transport and the Environment," Coal Research. 

Curtis, Christine IV., et al, "Combined Processing of Coal and Heavy Resids," Arburn University, January 1985. 
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Mixture," UCC Research Corporation, February 1985. 
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Gases," Electric Power Research Institute, January 1985. 

McGowan, J. J., "Recommended Research to Protect Coal Liquefaction Vessels Against Non-Ductile Failure," Oak 
Ridge National Laboratory, January 1985. 

Millman, M. C., "Great Plains ASPEN Model Development: ASPEN Physical Property Evaluation," Scientific Design 
Company, January 1985. 

Montana Air Quality Bureau, "Re-Designation of Colstrip to Attainment Under Section 107 of the Clean Air Act." 

Muzyka, Douglas, at al, "Studies on Jet Dispersion from the Cerchar FBC Fluidization Grid," Centre de'Etudes at 
Recherches de Charbonnages de France. 

National Coal Board, "Technical Coal Press," March 1985. 

Nokota Company, "1985 Ten-Year Plan of the Nokota Company Energy Conversion and Transmission Facility Siting," 
July 1985. 

Oelert, H. H., et al, "Hydroliquefaction of Texas Lignite in Coal- and Petroleum-Derived Slurry Oils." 

Ozum, B., et al, "Mass Transfer Limitations in Coal Liquefaction." 

Paranjape, A. S., "Advanced Direct Coal Liquefaction," Kerr-McGee Corporation, December 1984. 

Rhodes, D. E., "Comparison of Coal and Bitumen-Coal Process Configurations," Kerr-McGee Corporation, April 
1985.
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Ruhrkohle Ole und Gas GmbH, "Modern Coal Refining Technologies." 

Schwint, K. J., "Great Plains ASPEN Model Development: Methanol Synthesis Flowsheet," Scientific Design 
Company, January 1985. 

Simmons, Frederick 3., at al, 'Heavy Liquid Beneficiation of Pine Coal-Phase II," OTISCA Industries, Ltd., 
November 1984. 

Steiger, Roger, "Statement," Before Government/Industry Meeting, Society of Automotive Engineers, Inc., May 
1985. 

Sullivan, R. F., "Refining and Upgrading of Synfuels from Coal and Oil Shales by Advanced Catalytic Processes," 
Chevron Research Company, May 1985. 

Sasol, "Annual Report," 1984. 

Tayi, Giri Kumar, at al, "An Optimization Approach to Environmental Policy Making: A Case Study of Coal 
Liquefaction Process," Energy Systems and Policy, 1985. 

United States Department of the interior, "Proposed Resource Management Plan/Final Environmental Impact 
Statement for Managing Public Lands and Resources in the Buffalo Resource Area, Wyoming." 

United States Department of the Interior, "Federal Coal Management Report: Fiscal Year 1984." 

United States House of Representatives, "Barriers to Increased Coal Utilization," 1985. 

COAL - PATENTS 

"Process for Heating Solids in a Transfer Line," Henry C. McMath and Gary K. Stenerson - Inventors, Exxon 
Research and Engineering Company, United States Patent 4,514,168, April 30, 1985, Oil shale, coal, inert heat 
transfer material and other carbon-containing solids of varying sizes are preheated with a gas in a transfer line by 
first separating the solids into a plurality of size fractions and then separately introducing the size fractions into the 
transfer line at pre-determined distances from the transfer line inlet. The pre-determined distances are inversely 
related to the size of the particles comprising each fraction of solids so that the fraction of solids containing the 
smallest particles is introduced at a point furthest away from the transfer line inlet. Normally, solids withdrawn 
from the transfer line will have been heated to a temperature below which any liquids or gases evolve and are ready 
for further processing in downstream conversion units such as oil shale retorts, coal gasifiers, and the like. 

"Slag Removal Apparatus," Josef Langhoff and Jurgen Seipenbusch (both of West Germany) - Inventors, Ruhrkohle 
AG, United States Patent 4,514,191, April 30, 1985. In a coal gasification apparatus, slag particles received in 
(reef all by a water bath at the bottom of the reactor (or a waste heat boiler) are wetted with oil, or another 
additive agent. As a result they become bonded together. This prevents floating and facilitates sinking of the slag 
for removal from below the water bath. An annular duet having nozzles at different angles is used to spray the slag 
particles with oil near the surface of the water bath. The nozzles create a turbulence at the surface, thereby 
increasing the effect on the slag particles. A lock hopper fluidly communicates with the water bath below, and 
collects the slag particles. The removed slag is classified before being used or recycled into the reactor together 
with coal dust, water, and oxygen for the reactive process. 

"Corrosion Inhibition for Distillation Apparatus," Kenneth L. Baumert, Burtron H. Davis, Alberto A. Sagues, and 
Frank K. Schweighardt - Inventors, International Coal Refining Company, United States Patent 4,514,281, April 30, 
1985. Tower material corrosion in an atmospheric or sub-atomspheric distillation tower in a coal liquefaction 
process is reduced or eliminated by subjecting chloride-containing tray contents to an appropriate ion-exchange 
resin to remove chloride from such tray contents materials. 

"Coal Compositions,!' Douglas V. Keller, Jr. and Frederick J. Simmons - inventors, Otisca Ltd., United States Patent 
4,515,602, May?, 1985. Compositions containing coal and water which can be used as fuels and for other purposes 
such as feedstocks for coal gasification and liquefaction processes. In addition to the coal and water the 
composition may contain a minor amount of an organic or inorganic composition capable of reducing the viscosity of 
the coal-water system. 

"Dual Particle 1-lydrotreating Catalyst," Regis J. Pellet - inventor, Standard Oil Company (Indiana), United States 
Patent 4,518,709, May 21, 1985. A • coal liquefaction hydrotreating catalyst composition comprising particles of 
component "A" consisting essentially of at least one group vm metal component supported on refractory inorganic 
oxide and particles of component "fl" consisting essentially of either cobalt and/or nickel component supported on a 
refractory inorganic oxide.
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"Circulation Loop for Carrying Out Two-Stage Reactions," John C. Haas - Inventor, Chevron Research Company, 
United States Patent 4,519,810, May 28, 1985. A method of controlling the solids circulation between a downflow 
reactor and an entrained bed reactor is disclosed wherein at least some of the solids are transferred from the 
downflow reactor to a crossflow fluidized bed thr6ugh a first seal leg, wherein the crossflow fluidized bed has a 
baffle separating the crossflow fluidized bed into two zones. Then the solids are transferred from the crossf low 
fluidized bed to the entrained bed reactor, and the solids are transferred from the entrained bed reactor to the 
downflow reactor through a second seal leg. The solids circulation rate is controlled by adjusting the rate of 
fluidizing gas entering the crossflow fluidized bed. 

"Method and Apparatus for Controlling the Heating Effect of High Temperature Gases to be Supplied to a Heat 
Exchanger," Heinz Haacker and Frohmut Vollhardt (both of West Germany) - Inventors, MAN Maschinenfabrik 
Augsburgg Nurnberg AG, United States Patent 4,522,155, June 11, 1985. A method of controlling the heating effect 
of high temperature gases such as gases obtained in the partial oxidation of oil asphalt, oil shale, or coal and the like 
which are to be used for the heating of another media such as for superheating steam comprises passing the high 
temperature gases into a space on the way to the heating of the media and circulating a heat absorbing media such 
as water into the space in quantities to have a selected heat exchange with the high temperature gases and control 
the temperature thereof on its way to its use in a heat exchagner or superheater. The apparatus includes a vessel 
which is connected between a iuparheatw and a steam producing gas cooler which has an inlet for the high 
temperature gases which are circulated through the vessel through tubes on its way to the superheater which is 
disposed over the vessel and advantageously connected to it. The temperature of the high temperature gases which 
are circulated through the vessel is controlled by the selected admission of an additional heat absorption media such 
as water into the vessel which maybe carried out to the point where the water encompasses the tubes and provides 
a cooling effect thereon. 

"Hydrocarbon Conversion Method," John J. Helstrom, John A. Mahoney, and Regis J. Pellet - Inventors, Standard Oil 
Company (Indiana), United States Patent 4,526,675, July 2, 1985. A method for recovering upgraded liquid products 
by the hydroconversion of coal, coke, lignite, petroleum fractions, biomass, tar sands bitumen, and shale oil Is 
disclosed. In particular, the catalyst composition employed consists of a group VIE metal components and a highly 
dispersed tin component. 

"Coal Liquiefaction," Harvey D. Schindler - Inventor, The Lummus Company, United States Patent 4,522,700, 
June 11, 1985. In a two-stage liquefaction wherein coal, hydrogen, and liquefaction solvent are contacted in a first 
thermal liquefaction zone, followed by recovery of an essentially ash free liquid and a pumpable stream of insoluble 
material, which includes 850°+F liquid, with the essentially ash free liquid then being further upgraded in a second 
liquefaction zone, the liquefaction solvent for the first stage includes the pumpable stream of insoluble material 
from the first liquefaction stage, and 850°+F liquid from the second liquefaction stage. 

"Process for the Production of a Coal-Water Suspension Which is Suitable for Use in Coal Gasification Under 
Elevated Pressure," Heinrich Heinen, Wolfgang Kolodzey, Bernhard Lieder, Jurgen Lusch, and Wolkmar Schmidt (all 
of West Germany) - Inventors, Ruhrchemie AG, United States Patent 4,526,588, July 2, 1985. A coal-water 
suspension containing 50 to 75 percent by weight coal, based on the weight of the suspension, the bulk of the coal 
having a particle size of 50 to 500 microns, the proportion of the particles having a diameter greater than 
0.5 millimeters in the coal being less than 15 percent by weight and the particle size distribution curve of the coal in 
the Rosin-Rammler particle size distribution grid according to DIN 4190 having a slope of less than or equal 1; a 
process for the production of such water-coal suspension which is suitable for use in coal gasification under elevated 
pressure by mixing lump coal with water directly, the water being added in a concentration just sufficient to form a 
water-coal dust suspension suitable for the gasification reaction and grinding the resultant suspension in a disc 
attrition mill, a toothed disc attrition mill, or a toothed colloid mill. 

"Removal of Low Melting Particles From Unground Coal Liquefaction Residue," Ronald L. Litzinger - Inventor, 
Texaco Inc., United States Patent 4,526,679, July 2, 1985. A mixture of low melting particles and high melting 
particles is heated to a temperature above the melting point of the low melting particles and below the melting 
point of the high melting particles thereby melting the low melting particles and forming a bond between the low 
melting particles and the high melting particles which bond is strenthened on cooling, the resulting agglomerate 
containing the low melting particles being separated from the unbonded high melting particles. 

"Coal Gasification Apparatus," Michael L. Espedal - Inventor, Texaco Inc., United States Patent 4,527,997, July 9, 
1985. Coal gasification apparatus wherein a combustible mixture is formed and burned, comprising a combustion 
supporting gas such as oxygen, and a coal slurry. The hot products of combustion which issue from the burner, are 
directed into the reaction chamber of a synthesis gas generator. To avoid deposition of slag and ash particles along 
the hot, exposed face of the burner, a dynamic fluid blanket or barrier is directed transversely of the burner face. 
The reaction chamber includes an elongated port in which the burner is registered. To shield the burner, a manifold 
descends from the reaction chamber wall adjacent to the burner face and projects a stream of coolant fluid 
transversely of the face.
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LISTING OF STATUS UPDATES OF 
COAL PROJECTS 

The following list provides updated descriptions of projects whose status have 
changed during this quarter. 

If the status of a project has not changed this quarter, only the project name 
and sponsor(s) are provided. The most recent description of each of these 
projects is referenced by identifying the appropriate date and page number of a 
previous issue. 

Complete descriptions of all active projects will be provided in the March 1986 
issue.

4-60	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



STATUS OF COAL PROJECTS 

COMMERCIAL PROJECTS 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States 
Department of Energy (DOE) (C-Is) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had 
been initiated by Southern Company and the Edison Electric Institute in 1972. Department of Energy began 
cofunding Wilsonville in 1976. 
The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has 
evolved over the years in terms of technology and product slate objectives. Kerr-McGee Critical Solvent 
Deashing was identified as a replacement for filtration which was utilized initially in the plant and a Kerr-
McGee owned unit was installed in 1979. The technology development at Wilsonville continued with the 
installation and operation of a product hydrotreating reactor that has allowed the plant to produce a No. 6 oil 
equivalent liquid fuel product as well as a very high distillate product yield. 
More recently, the Wilsonville Pilot Plant has been used to test the Integrated Two- Stage Liquefaction (fl'SL) 
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. Separating the process into two stages rather than one keeps the hydrogen consumption to 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. 
Preliminary research indicates that 30 percent less hydrogen may be needed to turn raw coal into a clean-
burning fuel that can be used for generating electricity in combustion turbines and boilers. Distillable 
product yields of greater than 60 percent MAP coal have been demonstrated during stable operations on 
bituminous coal. Similar operations with sub-bituminous coal have demonstrated distillates yields of about 
55 percent MAP. This represents substantial improvement over the current generation of coal liquefaction 
processes. Current tests at Wilsonville are concentrating on Illinois bituminous coal that is considered typical 
of much of the high sulfur coal found in the midwestern and eastern United States. One such test was 
completed with the deashing step relocated downstream of the catalytic hyrotreatment. Preliminary results 
show that the previous improvements noted for the two-stage approach are achievable (no loss in catalyst 
activity). Lower product cost is indicated for this reconfigured operation in that the two reactor stages may 
be coupled as part of one system. Another test has shown that the use of an iron oxide disposable catalyst in 
a short contact reactor can achieve similar advanta2es as noted in the reconfizured deashin g test. Namely. 

(Also refer to the Solvent Refined Coal Demonstration Plant (SRC-1) and the Integrated Two Stage 
Liquefaction projects.) 

Project Cost-	 Construction and operatiiig costs (through calendar 1984): $85 million 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-17) 
(see the June 1985 issue, page 4-60) 

AIR PRODUCTS SLAGGING GASIFIER PROJECT -- Air Products and Chemicals, Inc. (C-19) 
Air Products & Chemicals, Inc. (APCI) submitted a Preliminary Qualification Statement in response to the 
United States Synthetic Fuels Corporation's (SFC's) Solicitation for Eastern Province or Eastern Region of the 
Interior Province Bituminous Coal Gasification Projects. APCI's proposed facility will utilize the British 
Gas/Lurgi fixed-bed slagging gasification process to produce a clean, medium-BTU industrial fuel gas and a 
methyl fuel (mixed alcohol) product suitable for blending with gasoline. Raw naphtha and elemental sulfur 
will also be produced as by-products. 
The proposed facility will gasify 750 tons per day of high-sulfur bituminous coal. The site for the project is 
adjacent to the Tennessee Valley Authority's 990 megawatt Thomas H. Allen Steam Plant near Memphis, 
Tennessee. 

Project Cost.•	 Not Disclosed
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AQUA BLACKTM COAL-WATER FUEL PROJECT -- Gallagher Asphalt Company, Standard Havens, Inc. (C-23) 
(see the March 1985 issue, page 4-62) 

AUSTRALIAN SRC PROJECT - CSR Ltd. and Mitsui Coal Development Pty, Ltd. (C-30) 
Mitsui SCR and CSR Ltd., have completed a preliminary evaluation study for a commercial SRC plant located 
in the Latrobe Valley of Victoria. 
The results of this study indicate further investigations are needed into markets, optimum product mix, and 
processing and engineering technology. Feasibility studies have now been suspended. 

Project Cost:	 $A1.5 billion (1981 dollars) 

BEACH-WIBAUX PROJECT - (See Tenneco SNG from Coal Project) 

BEACON PROCESS - Standard Oil Company of Ohio and TRW, Inc. (C-40) 
(see the March 1985 issue, page 4-62) 

81-GAS PROJECT - United States Department of Energy (C-60) 
(see the March 1985 issue, page 4-63) 

BO'rFROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Federal Ministry of Research and 
Development of West Germany, Ruhrkohle AG, VEBA Gel AG, and West German State of North-Rhine Westphalia 
(C-65)

(see the June 1985 issue, page 4-60) 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-75) 

Broken Hill Proprietary has been experimenting with a two stage continuous flow hydrogenation unit since 
1976 at their Melbourne Research Laboratories in Clayton, Victoria. In the initial selection of processes, 
consideration was given to those that would produce good quality gasoline. However, the program has now 
been modified to put more emphasis on automotive diesel and aviation fuels. The unit has operated 
successfully for periods of up to five days continuous processing and a range of coals has been tested. 
Throughput is 1 kilogram coal per hour. Near-specification automotive distillates and jet fuels have been 
produced from coal-derived materials, and work continues to optimize the unit for the conversion of coal to 
transport fuels. The work is supported under the National Energy Research Development and Demonstration 

Project Cost: 	 Not disclosed 

BYRNE CREEK POWER PROJECT - (See Underground Coal Gasification - World Energy, Inc. Project) 

CAN DO PROJECT - CAN DO, Incorporated (C-85) 
(see the March 1985 issue, page 4-64) 

• CALDERON FIXED-BED SLAGGING PROJECT-- Calderon Energy Company (C-79) 
In response to the United States Synthetic Fuels Corporation's (SFC's) Solicitation for Eastern Province or 
Eastern Region of the Interior Province Bituminous Coal Gasification Projects, Calderon Energy Company has 
proposed a project to be located in Bowling Green, Ohio. Calderon plans to build and operate an Integrated 
gasification combined-cycle commercial facility using the Calderon Process. This proprietary process 
gasifies run-of-mine bituminous caking coal in a fixed-bed slagging mode. 
The proposed project would generate an average of 48.0 megawatts of electric power and 70,000 pounds per 
hour steam in the summer, and an average of 42.3 megawatts of electric power and 156,000 pounds per hour 
of steam in the winter. Electric power would be sold to the City of Bowling Green on a take-or-pay contract. 
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Of the steam produced, 50,000 pounds per hour would be used for gasification, and the balance sold to 
Bowling Green State University for heating buildings on the campus, based on a summer and winter steam 
requirement of 20,000 and 106,000 pounds per hour, respectively. 

Project Cost:	 Not Disclosed 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT-- Caterpillar Tractor Company (C-90) 

(see the March 1985 issue, page 4-64) 

CHEMICALS FROM COAL -- Tennessee Eastman Co. (C-150) 
Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak 
Company continued to operate its chemicals from coal complex at design rates in 1985. The Texaco coal 
gasification process is used to produce the synthesis gas for manufacture of 500 miiffii 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) 

(see the June 1985 issue, page 4-61) 

CIRCLE WEST PROJECT— Meridian Land and Mineral Company (C-170) 

(see the March 1985 issue, page 4-65) 

CITIES SERVICE/ROCKWELL PROCESS DEVELOPMENT -- Rockwell International (Energy Systems Group) and 
United States Department of Energy (C-lao) 

(see the March 1985 issue, page 4-65) 

COALPLEX PROJECT - AECI (C-190) 

(see the March 1985 issue, page 4-66) 

COCA-i PROJECT - Coal Gasification (C-195) 
The lead sponsor for the COCA-i project is Coal Gasification of Des Plaines, Illinois. The project, to be 
located in Macoupin Cqfly, Illinois, will produce anhydrous ammonia from coal. Construction of the 
proposed plant is scheduled to begin in late 1984 or early 1985 with completion in 1987. Approximately 
1.1 million tons of ammonia will be produced per year (3,200 tons per stream day) from synthesis gas 
produced from.a U-Gas gasifier. Approximately 1.6 million tons per year of Illinois No.6 bituminous coal 
will be provided from a nearby mine. 
The sponsors submitted a qualification proposal to the SFC under the competitive solicitation for projects 
utilizing bituminous coal from the Eastern Province or eastern region of the Interior Province, and 
resubmitted a proposal under the fourth general solicitation. 

In August 1985	 tiu a 
con
	 ded by Coal Gasification submitted another proposal under the SEC's Eastern 

Bituminous Coal Gasificati 
hea 

on solicitation. 

Project Cost	 Not disclosed 

CONVENT, LA., PROJECT - (see Medium BTU Gasification Project) 

COOL WATER COAL GASIFICATION PROJECT -- Participants (Equity Owners): Bechtel Corporation, Electric 
Power Research Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern 
California Edison, and Texaco Inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) 
and Sohio Alternate Energy Development Company (Sohio) (C-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasification plant using the oxygen-blown 
Texaco Coal Gasification Process. The gasification system which includes two Syngas Cooler vessels, has 
been integrated with a General Electric combined cycle unit to produce approximately 120 megawatts of 
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gross power. The California Energy Commission approved the state environmental permit in December 1979 
and construction began in December 1981. Plant construction which took only 2.5 years, was completed on 
April 30, 1984, a month ahead of schedule and well under the projected budget. A five-year demonstration 
period is underway. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, is 
expected to be commissioned during April 1985. 
A Utah bituminous coal is being used for present operations. Several other coal feedstocks will also be 
tested, including Illinois No. 6 and Pittsburgh No. 8. 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 continued operations are received. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the 
effort, signed the joint participation agreement on July 31, 1979. The Electric Power Research Institute 
(EPRI) executed an agreement to participate in the Project in February 1980 and their current commitment is 
$69 million. Bechtel Power Corporation has been 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 million 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 CGP Corporation and 1111 Coal Gasification Project Corp. signed a participation 
agreement on Pebrurary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alternate 
Energy Development Company are non-equity contributors to the project, having signed contributor 
agreements on January 20, 1982, and April 10, 1984, respectively committing $5 million each to the Project. 
A $24 million project loan with a $8 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 SFC believed sufficient private funding was available 
without government assistance). However, the sponsors reapplied for a price support under the SFC's second 
solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that the project had 
passed the six-point project strength test and had been advanced into Phase II negotiations for financial 
assistance. On April 13, 1983 the sponsors received a letter of intent from the SFC to provide a maximum of 
$120 million in price supports for the project On July 28, 1983 the Board of Directors of the SFC voted to 
approve the final contract awarding the price guarantees to the project 

The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine 
and the first combined cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten 
continuous day SFC acceptance test was successfully completed and the Program was declared to be in initial 
production on June 24, 1984. 

Project Cost:	 million
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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 

C-245). The process incorporates a Dow-developed entrained now, siagging, sturry lea gasi:ier witn a unique 
heat recovery technique for high efficiency on low-rank 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. 

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 
western coal. Dow entrained-bed gasification, Dow Seleetramine acid-gas removal, and Union Oil Selectox 
sulfur recovery will be used. In this application 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 Corporation under the third 
solicitation. During 1983 the project passed the SFC maturity, strength, and technical evaluations and 
entered Phase It negotiations for assistance. The Board of Directors of the SPC Instructed their staff on 
February 16, 1984 to negotiate a letter of intent for $620 million in price guarantees for the project. The 
letter of intent was issued on April 5 and a final contract awarding $620 million to the project was signed by 
the SFC Board on April 26, 1984. Overall responsibility for engineering and construction has been assigned to 
Dow Engineering Company. Construction began in late 1984 with plant operations to begin in early 1987. 

Engineering and construction are both on schedule as of July 1985. 

Project Cost:	 Unavailable 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 
(see the June 1985 issue, page 4-62) 

EDS PROCESS - Anaconda Minerals Company, ENI, Electric Power Research Institute, Exxon Company, USA, 
Japan Coal Liquefaction Development Co., Phillips Coal Company, Ruhrkohle A.G., and United States Department 
of Energy (C-290) 

(see the June 1985 issue, page 4-63) 

ELM WOOD COAL-WATER FUEL PROJECT-- Foster Wheeler Tennessee, Inc. (C-265) 

In response to the United States Fuels Corporation's solicitation for coal-water fuel projects Foster Wheeler 
Corporation proposed a project to be located at the Jersey Miniere Zinc Company plant in Elmwood, 
Tennessee. A wholly owned subsidiary, Foster Wheeler Tennessee, Inc., was formed to carry out the design, 
construction, and operation of the production facilities. Initial construction operations commenced on 
February 4, 1985 with current production operations planned for August 1985. 
The plant will initially produce 50,000 tons per year of coal water slurry using the patented Carbogel process. 
The fuel will be sold to both utility and industrial users. 
On January 15, 1985 the SFC Board of Directors cancelled the industrial portion of the coal-water fuel 
solicitation. However, the Board's decision has not affected the sponsor's plans to continue with the project. 

Project Cost:	 Not Disclosed
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EJRECON COAL GASIFIER - Enrecon, Inc. (C-270) 

Enrecon was developing a fluidized bed, medium-BTU coat gasification process in Golden, Colorado. The 80 
tons per day Phase I pilot plant began operation in December 1979, and was operated until August 1980. 
Kinetic and equilibrium models predict system performance for different feed materials for SNG, hydrogen 
and synthesis gas production. Enrecon predicts over 75 percent cold gas efficiency at over 400 BTU per 
standard cubic feet using .either western sub-bituminous or eastern bituminous coals. 
C.F. Braun & Co., a subsidiary of Santa Fe International, completed an evaluation of how the ENRECON 
process compares technologically and economically with other known processes for SNG production. Costs 
range from $4.10 per million BTU to $4.50 using a Pittsburgh No.8 coal at $21 per ton, 1979 dollars, utility 
financing. 

Enrecon was seeking Investors for the $25 million test program to complete its pilot plant studies of coal 
gasification. However, the fund raising effort proved unsuccessful and was terminated in August 1982. 
Enrecon has been moved to Pittsburgh, Pennyslvania where the technology will be held pending some future 
interest. Based on this experience, a new hydrocarbonization process, designed to retain the operating cost 
advantages of the Enrecon System, while reducing capital costs per unit of production, Is being developed by 
Encotec, based in Golden, Colorado. Enrccon holds a minority interest in Encotec. 

Energy Conversion Technology, Ltd. (Encotec) has been formed to develop new fluidized bed processes for the 
production of oil and gas from tar sands, oil shale and coal, as well as combustion of these materials and char 
formed in the hydrocarbonization process. 
The Encotec hydrocarbonization process can be used in conjunction with existing fixed-bed processes, because 
it can convert the fine materials produced by normal mining, crushing and grinding and which are not 
normally converted by these processes. Coal may be converted to high quality gas (800 BTU per standard 
cubic feet) and oil by the use of the Encotec process and a proprietary catalyst. Liquid effluents are 
eliminated in a partial oxidizer and in a fluid bed combustor which are part of the Eneotec process. As an 
example of projected process performance, preliminary heat and material balances indicate that oil yield will 
be over 140 percent of Fischer Assay, and that thermal efficiency will be over 80 percent for Green River 
shale fines. 

The fluidized bed combustor can be pressurized for use as a PFBC and is based on fluid catalytic cracker 
technology, including a power recovery turbine. Partners are being sought for application of the PFBC to 
steam enhanced oil recovery and cogeneration. 

Recent investigations have applied the PFBC to slurry feed, where turbine output is similar to the Cheng 
cycle. An Ingersoll-Rand power recovery turbine can handle the fine particulate carryover from the gas 
cleaning system, with emissions well below EPA requirements. Applications are being sought in coal 
preparatory plants with thickener bottoms disposal problems. The electrical needs of such plants can be 
generated on-site. Life-cycle cost analyses indicate less than 5 year payouts for this application. 
The unit is caoable of diSDOSiffiZ of certain hazardous wastes. ineludinu PCWs munirinel gl,i,lap (withn,,t 

Estimated Cost: $6 million over two years for a demonstration plant at 4 megawatts 

FIAT/ANSALDO PROJECT - Ansaldo, Fiat flG, KR W. Energy Systems, Inc. (C-330) 
(sec the March 1995 issue, page 4-70) 

FLASH PYROLYSIS OF COAL WITH REACTIVE AND NON-REACTIVE GASES - Brookhaven National Laboratory 
and United States Department of Energy (C-340) 

(see the March 1985 issue, page 4-71) 

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. 
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The goals of work at UNDERC are to develop public environmental data of effluent characteristics needed to 
satisfy permitting andsiting 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 approach is to feed water directly from the 
extraction/stripping units to the cooling tower, without intermediate biologi'al treatment. 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 solvent extraction and ammonia stripping before being fed to a 
cooling tower to simulate the processes to be employed at the Great Plains Gasification Associates (GPGA) 
plant. In the second phase, wastewater pretreatment will be 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 II 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 addition 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, severe 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 
to6 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 percent of the methanol was also stripped. 
Phase 11 biotreatment of the pretreated (solvent extracted, ammonia stripped) gasifier liquid has been 
successful. The pilot activated sludge unit had a mean BOD 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 iSO milligrams per liter of COD. The Phase II 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 11 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 HI cooling tower test was performed using AS and GAC treated liquor from slagging 
gasification with addition of a zinc-chromate corrosion inhibition 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 II system without corrosion Inhibitor. At 
temperatures of 800 to 900F, carbon steel corrosion did not exceed 7 MPY. Corrosion rates less than 1 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 degradation, 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 Gasification Associates 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 
GPGA SQL contained ohenol. fatty acid, and ammonia concentrations of 20 ppm. 700 ppm, and 1.300 PPm. 

was
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evalua 

Project Cost:	 $1.6 million for annual research Year 2 (April 1984-April 1985) 
$0.9 million for annual research Year 3 (April 1985-April 1985) 

GEGAS-D PROJECT-- (See IGCC Simulation) 

GF K DIRECT LIQUEFACTION PROJECT-- Saarbergworke AG (C-400) 
(see the March 1985 issue, page 4-72) 

GREAT PLAINS GASIFICATION PROJECT-- Great Plains Gasification Associates, (Composed of ANR Gasification 
Properties Company, MCN Coal Gasification Company, Pacific Synthetic Fuel Company, Tenneco SNG Inc., and 
Transco Coal Gas Company) (C-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 
Gasification Associates was formed by affiliates of American Natural Resources, Peoples Gas now MidCon 
Corporation, Tenneco Inc., Transco Companies Inc. (now Transco Energy Company) and Columbia Gas 
Systems, Inc. Under the terms of the partnership agreement, Great Plains would own the facilities, ANG 
would act as project administrator, and the pipeline affiliates of the partners would purchase the gas. 
In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals 
overturned the FERC decision. In January 1981, the project was restructured as a non-jurisdictional project 
with the SNO sold on an unregulated basis. In April 1981, an agreement was reached whereby the gas would 
be sold under a formula which escalates quarterly according to increases in the Producer Price Index and the 
price of No. 2 Fuel Oil, with limits placed on the formula by the price of other competing fuels. During these 
negotiations, Columbia Gas withdrew from the project 

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. 
On May 13, 1982, it was announced that a subsidiary of Pacific Lighting Corporation would acquire a 
10 percent interest in the partnership; 7.5 percent from ANR's interest and 2.5 percent from Transco. The 
consortium was as follows after the transfer which was approved by the DOE in November: 
•	 American Natural Resources - Detroit, Michigan 

Partner - ANR Gasification Properties Company 	 25.0%
Purchaser - Michigan Wisconsin Pipe Line Company 25.0% 

Tenneco Inc. -,, Houston, Texas 
Partner - Tenneco SNG Inc..	 - 30.0% 
Purchaser - Tennessee Gas Pipeline	 30.0% 

Transco Energy Company - Houston, Texas 
Partner —Transco Coal Company 	 20.0% 
Purchaser - Transcontinental Pipe Line Corp.	 25.0% 
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Midcon Corporation - Chicago, Illinios 
Partner - MCN Coat Gasification Company	 15.0% 
Purchaser -- Natural Gas Pipeline Co. of America	 20.0% 

Pacific Lighting Corporation -- Los Angeles 
Partner-- Pacific Synthetic Fuel Company	 10.0% 
Purchaser - (none) 

The project, when it reaches full production in 1988 will produce 125 million cubic feet per day 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 will be required as feedstock. 

At the end of June 1985, Great Plains was producing an average of 1.20.4 million cubic feet per day of high- 
BTU syngas. The gas is marketed through a 34 mile long pipeline connectiag the plant with the Northern 
Border pipeline running into the eastern United States. Great Plains uses 12 of the 14 gasifier vessels in 
normal, full production. 

In Summer 1993 the sponsors notified the DOE that, due to world oil prices, they expected to lose up to 
$1.3 billion over the first 10 years of project operation. The sponsors sought price supports from the SFC as a 
result. The project sponsors applied to the SFC's Competitive Solicitation for Coal Gasification Projects that 
closed on February 2, 1984. On February 24, 1984 the SEC announced that the Great Plains Project was a 
qualified bidder under the solicitation. The project received a letter of intent proposing up to $790 million in 
price guarantees on April 26, 1984. 

Project Cost:	 $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX -- Nitrogenous Fertilizers Industry SA (AEVAL) (C-430) 

(see June 1985 issue, page 4-67) 

HILLSBOROUGH BAY COAL-WATER FUEL PROJECT -- ARC-COAL, Inc.; Bechtel Power Corporation; COMCO 
of America, Inc. (C-455) 

In response to the United States Synthetic Fuels Corporation's solicitation for coal-water fuel projects 
ARC-COAL, Inc.; Bechtel Power Corporation; and COMCO of America, Inc., have proposed a project to be 
located at the COMCO facility in Port Sutton Industrial Park, Tampa, Florida. The proposed project would 
produce 18,000 barrels crude oil equivalent per day of coal-water fuel utilizing the ARC-COAL technology. 
Construction is scheduled to begin in February 1985 and be completed in January 1986. The fuel will be sold 
to electric utilities. 

On January 16, 1985 the SFC Board designated the project as a qualified bidder under the solicitation. 
However, on February 20, 1985 the Board voted to defer the solicitation and to suspend all milestone dates 
until the SFC staff has completed an analysis of the utility coal-water fuel market. 

On July 16, 1985 the United States Synthetic Fuels Corporation cancelled the solicitation. This project has 
been cancelled. 

Project Cost- 	 Not disclosed 

*H-R INTERNATIONAL SYNGAS PROJECT -- H-R International, Inc. and The Slagging Gasification Consortium 
(C-458)

H-R International, Inc., a wholly-owned subsidiary of Swiss Aluminum Ltd., and The Slagging Gasification 
Consortium (consisting of Babcock Woodall-Duckham Ltd., British Gas Corporation, and The BOC Group plc.), 
have proposed a project to the United States Synthetic Fuels Corporation (SFC). The preliminary 
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qualification statement describing the project was submitted in response to the SFCs Solicitation for Eastern 
Province and Eastern Region of the Interior Province Bituminous Coal Gasification Projects. 

The proposed project would utilize the British Gas/Lurgi slagging coal gasification process. The plant, to be 
located at an unspecified site in West Virginia, will produce 10 million standard cubic feet per day of 
hydrogen, 7 million standard cubic feet per day of carbon monoxide, 80 megawatts of electricity, and 
300,000 pounds per hour of steam. These net saleable products from the plants will be approximately 
3,000 barrels crude oil equivalent (COE) per day. The intended market for the products is existing companies 
near the plant area. 

The sponsors anticipate that design and construction of the plant will take approximately 3 years from the 
date a contract is signed with the SFC. An order-of-magnitude project cost estimate is $200 million on 
"overnight" or "instant plant" basis (before Interest and escalation during the project execution). 

Project Cost:	 $200 million 

IIUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COT) GmbH, a joint venture of 
Deutsche Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C-472) 

(see the March 1985 issue, page 4-74) 

I-IYDROGASIPICATION OF COAL TO SNG - Lurgi GmbH, Ministry of Research & Technology of the Federal 
Republic of Germany and Rheinische Braunkoblenwerke AG (C-475) 

(see the March 1985 issue, page 4-75) 

10CC EXPERIMENTAL SIMULATION - General Electric Company (C-480) 

(see the March 1985 issue, page 4-75) 

INTEGRATED TWO-STAGE LIQUEFACTION - Cities Service/Lummus and United States Department of Energy 
(C-490) 

(see the March 1985 issue, page 4-76) 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) 
(C-Sos) 

(see the June 1985 issue, page 4-68) 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS -- Union of Soviet Socialist Republics (C-495) 
(see the March 1985 issue, page 4-78) 

*KENNEDY SPACE CENTER POLYGENERATION PROJECT - National Aeronautics and Space Administration 
(C-502)

NASA presently purchases liquid hydrogen and liquid oxygen Space Shuttle propellants and purge gaseous 
nitrogen for the Kennedy Space Center. NASA studies in the last two years by Scientific Design Company 
have indicated that the most secure, low-priced supply could be achieved through coal gasification in a multi- 
product plant at KSC. It was concluded that the plant might be optimized to supply some or all of NASA's 
electric power requirements. Results of the analyses suggest that a coal gasification polygeneration plant 
can be built by the government or industry at KSC to significantly reduce the cost of Space Shuttle launches 
over the next twenty years. The actual saving will depend on the replacement costs of the products as they 
increase over the years, the gasification process chosen, the exact mix of plant products, and the number of 
launches per year. 

The polygeneration project is under active consideration by NASA management. A final decision will be 
made based primarily on the results of a Solicitation for Information (SF1) released on March 8, 1985. This 
SIT was issued to apprise industry of a contemplated long-term procurement for products from a 
polygeneration facility and to obtain responses and comments from potential sources regarding their interest. 
As requested in the SIT, responses were received by April 19, 1985. These responses are currently being 
reviewed by NASA. 

Project Cosu	 Not yet determined
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KEYSTONE PROJECT --The Signal Companies (C-510) 

In response to the United States Synthetic Fuels Corporation's fourth general solicitation that ended June 29, 
1984, the Signal Companies have proposed a coal-to-fuel gas project. The proposed pro;ect would produce 
128 million standard cubic feet per day of fuel gas from 2,125 tons per day of high sulfur, caking bituminous 
western Pennsylvania coal. This fuel gas will be used in an adjacent combined cycle power plant to produce 
approximately 190 kilowatts of electricity. To be located near Johnston, Pennsylvania, the project will use 
the KRW Energy System Inc., fluid bed coal gasification technology. Construction is scheduled to begin in 
November 1985 with initial production commencing in July 1988. Loan and price guarantees were requested 
from the SFC. On January 15, 1985 the project was determined to be a "qualified project" under the terms of 
the solicitation. On July 10. 1985 the Droiect was also submitted in resnonse to the qFMq qnhinitatinn tne 

Project Cost:	 Not Disclosed 

K-FUEL COMMERCIAL FACILITY -- Energy Brothers Inc. (C-518) 

(see the March 1985 issue, page 4-78) 

KILnGAS PROJECT - Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, Electric Utility participants are: 
Baltimore Gas and Electric Company, Central Illinois Light Company, Consumers Power Company, Electric Power 
Research Institute, Illinois Power Company, Iowa Power & Light Company, Monongahela Power Company, Ohio 
Edison Company, The Potomac Edison Company, Public Service Indiana, Public Service Company of Oklahoma, 
Union Electric Company, West Penn Power Company (C-SW) 

(see the March 1985 issue, page 4-79) 

KLOCKNER COAL GASIFIER - CRA (Australia), Kleckner Kohlegas, West German Federal Government (C-535) 

(see the March 1985 issue, page 4-80) 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION 
- Kellogg Rust Inc., 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. United States Department of 
Energy (DOE) funding for fiscal year 1984 has been committed. DOE awarded a $27 million contract to KRW 
Energy Systems to fund continued development of the KRW coal gasifier. KRW will also contribute 
$6.7 million to the 32-month effort, which will be conducted 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 to be 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 multiple injection ports for the gasifier 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 
operated since 1975 and has accumulated more than 10,000 hours of hot operation with a broad range of 
coals. The range of coal types include highly caking eastern bituminous, western sub-bituminous, 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 1,950P and pressures between 130 sig and 
230 psig, with air teed to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal 
capacity ranges between 20 and 35 tons per thy, depending on coal type. The pilot plant has been integrated 
with prototype combustion turbine test passages, and tests were conducted with coal gases covering a broad 
range of heating values. In 1983, successful tests were conducted to demonstrate hot fines recycle they 
showed a 23 percent increase in carbon conversion for Wyoming Sub-C coal (8 percent for Pittsburgh No. 8), 
and a 38 percent decrease in oxygen consumption (26 percent for Pittsburgh No. 8). A commercial gasifier-
size cold flow fluidized bed scale-up facility began operation in 1981, the purpose being to develop a data 
base sufficient to reduce risks associated with scale-up to acceptable levels. 

4-71	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



STATUS COAL CONVERSION PROJECTS (Underline denotes changes since June 1985) 

(Continued) 

Several commercial demonstration projects are currently being evaluated for application of the 1(11W coal 
gasification system to various industrial and utlity applications. Included is the Keystone Project, previously 
withdrawn from SFC consideration, but resubmitted for fourth round consideration. The project which is 
located near Johnstown, Pennsylvania involves a coal gasification combined cycle facility which will gasify 
about 2,050 tons per day of local coal to produce about 190 megawatts of electric power. 

Project Cost:	 Not disclosed 

LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric 
Power Research Institute, Fluor Engineers and Constructors, and United States Department of Enrgy (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 Chem Systems. In the process, synthesis gas is injected in the bottom of a reactor filled with 
light oil in which a methanol synthesis catalyst is suspended. The oil acts as a large heat sink, thus improving 
temperature control and allowing the use of more active catalysts and/or a more 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. 

Project Cost: 	 DOE: $15.6 million 
Private participants: $2.5 million 

LFC COAL LIQUEFACTION/COGENERATION PLANT -- AEM Corporation and SCI International (C-557) 

AEM Corporation of Pacific Palisades, California and SGI International are developing a 30.75 megawatts 
electric cogeneration and coal liquids production facility to be located near Colstrip, Montana. This facility 
is designed to utilize the Liquids from Coal (LFC) process, developed by SGI International An LFC/cogener-
ation plant consists of combustion and electric generation units combined with LPC process equipment in one 
cogenerating system. 

According to the developers, SGI'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 LPC process operates at low pressures and less severe thermal process conditions, 
some of which require only low-grade and medium-grade heat (1400 to 6000F). In the system, the electric 
generation units supply waste heat to meet these LFC process thermal loads, while the waste by-products 
from the LFC process are used to fuel the electric generation units. 

AEM has obtained a long-term (35 year) power sales agreement with Montana Power Company. The 
estimated project cost is $40 million. Statements of interest are being received from design/construction 
firms and equipment suppliers. Selection of the contractors and suppliers is currently under way. The project 
is currently scheduled for completion in 1986. Once in full operation, the facility will employ a staff of 30 to. 
35. 

Dravo Engineers 1 Inc. of Atlanta, Georgia has been selected by SQl International to perform the design and 
construction of the LFC Cogeneration Plant. Proposals are currently being solicited for major equiment 
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components leading to placement of orders by mid-September. Site work is scheduled to commence in the 
Fall 1985 with the entire facility complete by December 1986. 

Project Cost:	 See above 

LIQUEFACTION OF ALBERTA SUB-BITUMINOUS COALS, CANADA -- Alberta/Canada Energy Resources Re-
search Fund and Alberta Research Council (C-567) 

(see the March 1985 issue, page 4-81) 

LOUISIANA SYNTHETIC FUELS - (See Slagging Gasification Consortium Project) 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - 1(1W Humboldt Wedag AG and Sumitomo Metal 
Industries, Ltd (C-580) 

(see the June 1985 issue, page 4-70) 

LU NAN AMMONIA-FROM-COAL PROJECT -- China National Technical Import Corporation (C-587) 

(see the March 1985 issue, page 4-82) 

MAZINGARBE COAL GASIFICATION PROJECT - Cerchar (Research Organization of Charbonnages de France-
CdF), European Economic Community, Gas Development Corporation, Institute of Gas Technology (C-595) 

In June 1983, the U-GAS process was selected by Charbonnages de France (CdF), the French national coal 
company, as its future commercial coal gasification technology. The 201 metric tons per day facility, to be 
located at Mazingarbe, near Calais, will be operated by Cdl'. The plant will be designed to process a wide 
variety of coals. 
The Institute of Gas Technology (IGT) has developed the U-GAS process as the fruition of research and 
development in progress since 1974. The product gas can be low-BTU gas when operating with air, or 
medium-BTU or synthesis gas when operating with oxygen. 
The European Economic Community (EEC), under its program for assistance in research and development 
related to coal gasification, has decided to fund this program up to 40percent. Additional capital beyond 
that provided by the EEC will be financed by CdF. 

Project Cost:	 $24.4 million - EEC 
$36.6 million - CdF 
$61.0 million (U.S.) 

MINING AND INDUSTRIAL FUEL GAS GROUP (Mll'GA) GASIFIER - American Natural Service Company; 
Amerigas; Bechtel Incorporated; Black, Sivalls, Bryson; Burlington Northern; Cleveland-Cliffs Iron Company; Davy 
McKee Corporation; Dravo Corporation; EPRI; The Hanna Mining Company; Peoples Natural Gas Company; Pickands 
Mather & Company; Reserve Mining Company; Riley Stoker Corporation; Rocky Mountain Energy; Stone and 
Webster; USBM-Twin City Metallurgical Research Center; United States Department of Energy; U.S. Steel 
Corporation; Western Energy Company; Weyerhaeuser (C-630) 

(see the March 1985 issue, page 4-83) 

MOBILE COAL-WATER FUEL PROJECTS -- Foster Wheeler Corporation (C-655) 
In response to the United States Synthetic Fuels Corporation's solicitation for coal-water fuels projects, 
Foster Wheeler has proposed two projects to be located in Mobile County, Alabama, in the Theodore 
industrial area. 
The project to provide coal-water fuel to industrial users would produce 7,675 barrels crude oil equivalent per 
day of coal-water fuel utilizing the Carbogel technology. Construction is scheduled to begin in July 1985 and 
be completed in August 1986 to allow commercial production to commence in October 1986. 
A second project at the same site would produce 15,350 barrels crude oil equivalent per day of coal-water 
fuel utilizing the Carbogel technology. Construction is scheduled to begin in October 1984 with commercial - 
production in July 1987. The fuel would be sold to electric utility power plants. 
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On July 24, 1984 the SEC announced that the staff will recommend to the SEC Board that it designate the 
projects as qualified bidders under the solicitation. On January 15, 1985 the SEC Board cancelled the 
industrial portion of the solicitation. Thus, only the utility fuel project was selected by th3 Board for further 
consideration. However, on February 20, 1985 the Board voted to defer the utility portion of the solicitation 
and on July 16, 1985 the Board also cancelled the utility portion of the solicitation. 

Projeàt Cost:	 Not Disclosed 

MONASH UYDROLIQUEFACT1ON PROJECT - BP United Kingdom Ltd. and Monash University (C-665) 
The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria 
are conducting a major investigation Into hydroliquef action 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 it collaborative research project 
with Monash University on brown coal conversion using synthesis gas. Substantial funding for the continuous 
flow research has been provided by the Australian Government's National Energy Research, Development and 
Demonstration Council. The batch autoclave work has been largely supported by the Victorian Brown Coal 
Council. 
Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solu-
tions shows enhanced activity for hydrogenation in tetralin compared with untreated coal. The Monash 
studies show that a mixed metal catalyst system, which is predominantly Iron-based with trace amounts of 
tin; displays a significant synergistic effect when compared with hydrogenation results for experiments using 
only iron- or tin-based catalysts of comparable metal concentrations to the mixed metal system. Mossbauer 
studies are helping to understand the role of iron and tin in the early stages of reaction. Other mixed metal 
systems, some with an iron base, are also showing good catalytic activity. The studies have now been 
extended to the use of coal-derived solvents rather than tetralin. 
The continuous bench-scale bubble-column and stirred tank reactor facility has been successfully operated at 
1 to 2 liters per hour of coal slurry using tetralin 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 
2,8000F), and 300 psig. The plant produces 2 million cubic feet per day of 300 BTU 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 draft final report has been submitted to DOE for review. 

Project Cost $8.9 million 

NATIONAL COAL BOARD LIQUID SOLVENT EXTRACTION PROJECT - British Department of Energy and 
National Coal Board (C-690) 

The British Department of Energy is co-sponsoring pilot plant evaluation of the Liquid Solvent Extraction 
Process developed in a small pilot plant capable of producing 0.2 tons 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 
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it will liquefy economically most coals and lignite and can handle high ash teed stocks. The National Coal 
Board is proceeding with the design and construction of a 2.5 tons per day plant at the Point of Ayr site 
financed by the National Coal Board with support from the European Economic Community. Limited private 

carried out by Babcock Woodall-Duckham Ltd., construction should start during 1985. 

Project Cost:	 15 million British pounds (1983 prices) construction cost plus 15 million British pounds (1983 
prices) operating costs 

NATIONAL COAL BOARD LOW BTU GASIFICATION PROJECT - British Department of Energy and National Coal 
Board (C-700) 

The National Coal Board is developing a fluidized bed gasifier to produce a low-BTU gas, primarily intended, 
combined with fluidized bed combustor for firing a gas turbine for power generation, or generally standing 
alone for onsite generation of gas for industrial application. Small pilot-plant studies leading to the design of 
a pilot/demonstration plant of a capacity of 5 ton per hour of coal are in hand. A joint study with the Central 
Electricity Generating Board led to recommendations to proceed but it is likely that work on this application 
will be limited to design studies over the next few years. Work is being concentrated by the NCB on 
developing the gasifier for the industrial market. Commissioning of 0.5 ton per hour demonstration plant 
built by Courtaulds Engineering and financed by the NCB and the European Economic Community has begun. 
A commercial prototype is under consideration. 

Project Cost:	 Construction and testing of 0.5 ton per hour plant - 2 million British pounds 

NATIONAL SYNFUELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (C-705) 
(see the June 1985 issue, page 4-71) 

NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-710) 
(see the March 1985 issue, page 4-86) 

NORTHERN PEAT ENERGY PROJECT --Signal Cleanfuels, Inc. (C-753) 
The Signal Companies, Inc., is proposing a project utilizing wet carbonization of peat developed by J. P. 
Energy of Finland to produce a "peat-derived fuel" which is a low-sulfur, low-ash solid fuel substitutable for 
oil in existing and new utility, industrial, and residential burning facilities. The project will produce 
960,000 barrels oil equivalent per year of fuel. Project site is Milford, Maine. Feedstock requirements are 
for 365,000 tons per year of dry peat. Construction could start in 1987 upon completion of a federal 
Environmental Impact Statement, and production would begin in 1989 wiiWThll production later that year. A 
letter of intent with term sheet has been executed with the United States Synthetic Fuels Corporation under 
the third solicitation. The funding status of this and other SFC Term Sheet projects remains uncertain at this 
time. Engineering will be done by Kellogg-Rust Synfuels, Inc., a wholly-owned subsidiary of The Signal 
Companies, Inc. 

Project Cost:	 $132 million (June 1983 dollars) - Estimated 

NYNAS PROJECT -- Nynaeshamnsykombinatet (consortium of Nynaes Petroleum, ASEA AB, and Storstockholms 
Energi AB) (C-754) 

An 0.7 million tons per year coal-based energy complex is being planned at Nynaeshamm, approximately 
30 miles southeast of Stockholm on Sweden's Baltic Coast. Scheduled for operation in 1990, the plant will be 
capable of producing 450,000 tons of ammonia via Texaco's coal gasification process. Additional products 
will be hot water derived from process waste heat for Stockholm's municipal district heating system, and 
hydrogen and fuel gas for the adjacent Nynaes Oil refinery. 
Udhe GmbH (West Germany) and ASEA Oil & Gas (Sweden) have performed engineering work on the the 
project. Phase I design is complete, and Phase II construction is anticipated to begin in 1986. The sponsors 
have obtained financial assistance from Sweden's Oil Substitution Fund. Plans include the possible future 
adaptation of gasification trains to domestic feedstocks (peat and wood). 
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Project feasibility was studied by the sponsors as well as Svensk Melanolutveckling (90 percent state-owned, 
10 percent Volvo), and Sydkraft. Interest centered originally on methanol production, but this concept no 
longer is valid due to vanishing interest in oil substitution within the transportation sector. 

Project Cost:	 $400 to $500 million (1984 dollars) 

OBERHAUSEN COAL GASIFICATION PROJECT — Ruhrkohte Oil & Gas GmbH, Ruhrchemie AG (C-755) 

(see the March 1985 issue, page 4-88) 

*01410-I COAL CONVERSION PROJECT -- Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Went-
worth Brothers Incorporated (C-756) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated have pro-
posed a project to produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. The project is 
to 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 project was submitted to the United States Synthetic Fuels Corporation 
for consideration under its Solicitation for Eastern Province and Eastern Region of the Interior Province 
Bituminous Coal Gasification Projects. 
The project will consist of one production module with a capacity of 500 tons of coal to produce 150,000 gal-
lons of METHYL FUEL and 500 tons per day of anhydrous ammonia. This amount of methyl fuel has a heating 
value equivalent to 1,790 barrels per day of distillate. Based on an average sulfur content of 4 percent, the 
quantity of by-product will be 30 to 35 tons of high purity elemental sulfur. Water consumption by this 
process will be 1.4 million gallons per day. 
The proposed project will utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw 
synthesis gas. The gas is cleaned by use of 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 next processed in the synthesis section. The gas undergoes a water-gas shift reaction 
to increase the amount of hydrogen. The shifted gas then enters a Rectisol system which produces several 
streams: sulfur-free carbon dioxide, a by-product stream with a high concentration of hydrogen sulfide and 
some carbon dioxide, and high purity hydrogen (or hydrogen and carbon monoxide) that will be used for 
producing anhydrous ammonia and METHYL FUEL. In the methanol fuel section of the plant, the ratio of 
hydrogen and carbon monoxide is first adjusted as needed. The gases are then catalytically reacted to 
produce METHYL FUEL (a mixture of methanol, higher alcohols, and a small quantity of water) and 
anhydrous ammonia. 
Construction will start in late 1986 or early 1987, with the peak construction effort occurring in 1988. It is 
expected that the peak construction force will exceed 1,000. Completion of the project is expected to be 
late 1988, with start-up scheduled for early 1989. 
It is expected that this plant will cost approximately $275 million. Loan guarantees and a "floor-price" 
guarantee were requested from the SEC. 

Project Cost:	 $275 million 

PENN/SHARON/KLOCKNER PROJECT - Kiockner Kohlegas GmbH, Pennsylvania Engineering Corporation, Sharon 
Steel Corporation (C-775) 

(see the March 1985 issue, page 4-89) 

PORT sUrroN COAL-WATER FUEL PROJECT-- ARC-COAL, Inc. and COMCO of America, Inc. (C-795) 
In response to the United States Synthetic Fuels Corporation's solicitation for coal-water fuel projects 
ARC-COAL, Inc. and COMCO of America, Inc., have proposed a project to be located at the COMCO facility 
in Port Sutton Industrial Park, Tampa, Florida. The proposed project would produce 4,350 barrels crude oil 
equivalent per day of coal-water fuel utilizing the ARC-COAL technology. Construction is scheduled to 
begin in June 1985 and be completed in January 1986. The fuel will be sold to an electric utility. 
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On January 16, 1985 the SFC Board designated the project as a qualified bidder under the solicitation. 
However, on February 20, 1985 the Board voted to defer the solicitation, and on July H, 1985 the Boa'd 
cancelled the solicitation. 

Project Cost:	 Not disclosed 

PRENFLO GASIFICATION PILOT PLANT -- Gesellsehaft fur Kohle-Technologie mblI (GET) (C-Isa) 

(see the March 1985 issue, page 4-89) 

PYROLYSIS OF ALBERTA THERMAL COALS, CANADA -- Alberta/Canada Energy Resources Research Fund and 
Alberta Research Council (C-798) 

(see the March 1985 issue, page 4-90) 

RHEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT -- Rheinisehe Braunkohjenwerke AG, Uhde GrnbH, West 
German Federal Ministry for Research & Technology (C-803) 

(see the March 1985 issue, page 4-90) 

SASOL TWO AND SASOL THREE - Basel Limited (C-820) 

(see the March 1985 issue, page 4-90) 

SAVANNAH COAL-WATER FUEL PROJECTS -- Foster Wheeler Corporation (C-ill) 
Foster Wheeler, in response to the United States Synthetic Fuels Corporation's solicitation for coal-water 
fuel projects, has proposed two projects to be located on Hutchinson Island near Savannah, Georgia. 

One project would provide fuel to industrial fuel burning facilities. The project would produce 7,675 barrels 
crude oil equivalent per day of coal-water fuel utilizing the Carbogel technology. Construction is scheduled 
to begin in July 1985 and be completed in August 1986 to allow commercial production to commence in 
October 1986. 
A second project at the site would produce 15,350 barrels crude oil equivalent per thy of coal-water fuel 
utilizing the Carbogel technology. Construction is scheduled to begin in October 1984 with commercial 
production in July 1981. The fuel would be sold to electric utility power plants. 
On July 24, 1984 the SFC announced that the staff will recommend to the SFC Board that it designate the 
projects as qualified bidders under the solicitation. On January 15, 1985, the SFC Board cancelled the 
industrial portion of the solicitation. Thus, only the utility fuel project was selected for further 
consideration. However, on February 20, 1985 the Board voted to defer the utility portion of the solicitation, 
and on July 16, 1985 the Board also cancelled the utility portion of the solicitation. 

Project Cost:	 Not Disclosed 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates 
Limited; Gulf Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; 
Nova Scotia Resources Limited (a Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) 
(C-822) 

(see the March 1985 issue, page 4-91) 

•SCRUBGRASS - Scrubgrass Associates (C-825) 
Scrubgrass Associates (SGA) plans to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other 
products) plant, to be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted 
a request for loan and price guarantees from the United States Synthetic Fuels Corporation under the 
solicitation for Eastern Province or Eastern Region of the Interior Province Bituminous Coal Gasification 
Projects. The technology consists of three basic processes: high pressure GET entrained-flow coal 
gasification, ICI methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. 

Project Cost:	 Not disclosed
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SHARON STEEL - (See Penn/Sharon/Klockner Project) 

*SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-840) 
Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the 
pressurized, entrained bed, Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation 
at Shell's Amsterdam laboratory since December 1976. A number of different coals and petroleum cokes 
have been successfully gasified at 300 to 600 PSL This pilot plant has now operated for over 10,000 hours. 
A 150 tons per thy 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 is being 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 Park 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 is 
expected to begin later this year, with startup planned for early 1987. 

Project Cost:	 Not disclosed 

SLAGGING GASIFICATION CONSORTIUM PROJECT - Babcock Woodall-Duckham Ltd., Big Three Industries, Inc., 
The HOC Group plc., British Gas Corporation, and Consolidation Coal Company (C-845) 

(see the March 1985 issue, page 4-92) 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-850) 

(see the March 1985 issue, page 4-93) 

SOLVENT REFINED COAL DEMONSTRATION PLANT (SRC-I) - International Coal Refining Company (Air 
Products and Chemicals lnc./Wheelabrator-Frye Inc., partnership), Kentucky Energy Cabinet, and United States 
Department of Energy (C-860) 

An SRC pilot plant was operated on the site of Southern Company's E.C. Gaston Steam Plant near Wilsonville, 
Alabama. It was designed, built, and is operated by Catalytic, Inc. under funding of the Electric Power 
Research Institute and DOE. The process dissolves coal under pressure in the presence of hydrogen. The 
products are clean solid and liquid fuels with heating values of approximately 16,000 BTU per pound (150,000 
BTUper gallon) and gasoline naphtha. The sulfur content is reduced to a maximum of 0.8 percent. Plant 
capacity is 6 tons per day of coal. Data from the Wilsonville, and Ft. Lewis, Washington, SRC plants have 
been correlated, and eleven coals tested. 
The conceptual design of a 6000 tons per day SEC-] demonstration plant was completed July 31, 1979 and 
submitted to DOE. To carry out the project, Air Products and Wheelabrator-Frye established the 
International Coal Refining Company (ICRC). Under terms of a cost sharing agreement, ICRC will invest $90 
million in the project, the Commonweath of Kentucky will invest $30 million and the Department of Energy 
will fund the balance. A site for the demonstration plant at Newman, Daviess County), Kentucky is under 
option. Feedstock is 6,000 tons per day high-sulfur Illinois basin coal. Products include 20,000 barrels per 
thy (oil equivalent) of solids, liquids, and gases. SRC fuel in the 850°F and lighter fractions will be used to 
displace No. 6 fuel oil. SRC liquids include heavy oil (650° to 850°F fraction oils), a 4000 to 600°F middle 
distillate that can replace No. 2 fuel oil, and naphtha (C5-400°F fraction oils) for reformer feed for high-
octane, unleaded gasoline blendstock or BTX chemicals. The Final Environmental Impact Statement was 
released in July 1981.
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The project baseline was transmitted to Congress in May 1982. The DOE allocated funds to continue detailed 
design and generic coal liquefaction technology development This work was completed in December 1984. 
The revised cost estimate specified in the report indicates pr ts to be $2.2 billion (e oject cos	 scalated for 
inflation). Although previous cost estimates were approximately $2.0 billion, the project revenues are 
expected to exceed expenditures by $200 million in the first 2 1/2 years of operation. Plant startup is 
contingent upon future government funding. 

Estimated Project Cost: 	 $2.2 billion (Demonstration Project) 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-865) 

(see the March 1985 issue, page 4-94) 

SYNTHESEGASANLAGE RUHR (SAR) -- Federal Ministry of Economics of West Germany, Ruhrchemie AG, 
Ruhrkohle Gel and Gas GmbH, and Western German State of North-Rhine Westphalia (C-869) 

(see the March 1985 issue, page 4-94) 

TENNECO SNG FROM COAL - Tenneco, Inc. (C-870) 

(see the June 1985 issue, page 4-73) 

TEXACO COAL GASIFICATION PROCESS DEVELOPMENT - Texaco Inc., Government of the Federal Republic of 
Germany, Ruhrchemie AG, Ruhrkohle AG, and State of North Rhine-Westphalia (C-890) 

(see the March 1985 issue, page 4-95) 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corporation (C-900) 

(see the March 1985 issue, page 4-95) 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 

(see the June 1985 issue, page 4-74) 

TWO-STAGE LIQUEFACTION - (See Integrated Two-Stage Liquefaction) 

• UBE AMMONIA-FROM-COAL PLANT-- Ube Industries, Ltd. (C-952) 
Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the 
Texaco coal gasification process ("TCGP"). There are four complete trains of quench mode gasifiers in the 
plant. In normal operation three trains are used with one for stand-by. Ube began with a comparative study 
of available coal gasification processes in 1980. In October of that year, the Texaco process was selected. 
1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design package was 
prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. 
Construction was completed in just over one year. The plant was commissioned in July 1984 and began 
commercial operation in August 1984. 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 three kinds of coal—Canadian, Australian and South African. 
Because Canadian coal has a sulfur content as low as 0.27 percent, it was exclusively used in the test run and 
at each start-up. In normal operation Australian and South African coal are being used for ammonia produc-
tion. The overall cost of ammonia is said by Ube to be reduced by more than 20 percent by using coal gasifi-
cation. 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)
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(see the March 1985 issue, page 4-96) 

UTAH METHANOL PROJECT -- Questar Synfuels Corporation (C-971) 
Questar Synfuels Corporation has proposed a coal-to-methanol project in response to the United States 
Synthetic Fuels Corporation's fourth general solicitation that ended June 29, 1984. The proposed project 
would produce 100 tons or 30,300 gallons of fuel grade methanol per day (340 barrels crude oil equivalent per 
day) from Utah bituminous coal using either the Mountain Fuel Resources proprietary system or the KBW 
system. The project will likely be located in Woods Cross, Utah. Project construction is planned for 
March 1986 with completion in June 1987. Loan and price guarantees were requested from the SFC. On 
January 15, 1985 the Utah Methanol Project was designated as a "qualified" project by the SFC, and on 
July 16, 1985 the sponsors met the SFC's equity committment deadline. 

Project Cost:	 Not Disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-975) 

(see the March 1985 issue, page 4-97) 

WESTINGHOUSE ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION - (See KRW 
Energy Systems Inc. Advanced Coal Gasification System for Electric Power Generation) 

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 (UCG). The objective of the agreement is to undertake a joint analytical and test program 
for the development of UCG technology utilizing the site of the Triunfo coal deposits in Rio Grande do Sul. 
The program will consist of three phases of work: (1) coal and site characterization; (2) test design and 
feasibility studies; and, (3) test operations and evaluation. 
During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of 
Brazilian coals, technical experts on site, site characterization methods and tools, and data evaluation to 
develop a preliminary process design. CAEEB will provide needed data to DOE and will be responsible for 
actual site characterization studies and field tasks such as drilling and seismic studies. 

During the test design and feasibility study phase (Phase 2), DOE will provide information and technical 
experts to assist in the preparation of the preliminary design of an actual field test During this second phase 
CAEEB agrees to be in charge of the preliminary feasibility test program, and for all subcontracting. 
In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the 
CAEEB during the operation and evaluation of the UCG test. DOE may also loan data aquisition hardware 
and software and related instrumentation to assist in monitoring the test CAEEB will provide to DOE all 
information on the design and results of the field test. 
DOE and 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 coun-
tries. 

Project Cost:	 Not Disclosed 

UNDERGROUND COAL GASIFICATION, BYRNE CREEK - Dravo Constructors, Inc. and Energy Investments, Inc. 
(C-lob) 

(see the March 1985 issue, page 4-97) 

UNDERGROUND COAL GASIFICATION - Mitchell Energy and Republic of Texas Coal Company (C-1020) 

(see the March 1985 issue, page 4-98)
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UNDERGROUND COAL GASIFICATION OF DEEP SEAMS -- Groupe d'Etudes de Is Gazeification Souterrair.e 
(GEGS) consisting of Bureau de Recherches Geologiques et Miniercs, Charbonnages de France, Guz 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 tons. 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 flak between 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 first 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 exploratory 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 seam in the Loire mining region 
(I'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 wells will be achieved by the technique of horizontal drilling. 
fleniqien trw the new nrnrram will he taken at the and of 1985 in relation with the answers to the call for new 

Project Cost (1979-1985): Approximately $US78 million 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic 
Community, and Federal Republic of Germany (C-1150) 

A Belgo-German trial project is being held 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 bars. 
Investigation of the potential for developing underground gasification of deposits at great depth was begun in 
Belgium at the end of 1974. The first effort has grown since 1976, when a Belgo-German cooperation 
agreement was signed which resulted in the execution of an experimental underground gasification project 
sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area where the 
deposits are still unworked because of the considerable tectonic disturbances present between the surface and 
the 800 meter level. Work began in 1979 and is planned to continue into 1987. 
The first reverse combustion experiment was executed from April to October 1982 without the formation of a 
linking channel. The test had to be halted due to self-ignition of the coal, after 3.5 days. In November 1982 
the fire was extinguished by injection of water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various 
improvements were brought to the equipment to eliminate the self-ignition of the coal in the vicinity of the 
injection hole and to prevent the accumulation of water at the bottom of the gas recovery hole. This second 
experiment, started in September 1982, and was stopped in early May 1984. The experiment suffered from 4 
interruptions due to tubing breakage by corrosion. 
The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection 
well, but after scattering of this fire, the oxygen content of the exhaust gases increased to a level where it 
should be possible to develop again reverse combustion starting from the recovery well. 
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The trials made during February-May 1984 demonstrated that this concept can be successfjl. 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. Due to the long delivery 
time of special, corrosion resisting material, this trial has been planned for the end of 1985. 

The developers are more and more convinced that the linkage by reverse combustion will not be sufficiently 
reliable to support the industrial development of underground gasification of deep deposits. 

Project Cost:	 $24 million 

UNDERGROUND BITUMINOUS COAL GASIFICATION PROJECT - Morgantown Energy Technology Center and 
United States Department of Energy (C-1070) 

(see the March 1985 issue, page 4-100) 

UNDERGROUND GASIFICATION OF TEXAS LIGNITE, LEE COUNTY PROJECT - Basic Resources, Inc. (C-1095) 

(see the March 1985 issue, page 4-101) 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK --State Government of South Australia (C-los?) 

(see the March 1985 issue, page 4-101) 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company: a joint 
venture of Oilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-hOG) 

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. Preliminary drilling at the site was originally scheduled for 
mid-1984, but permitting delays forced the drilling to be rescheduled for early spring 1986. The tests are 
expected to last until mid-1987. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, TONO PROJECT - Lawrence Livermore National Laboratory (LLNL), 
Pacific Power and Light, United States Department of Energy, the State of Washington, Washington Irrigation and 
Development Company (WIDCO), (C-1120) 

(see the March 1985 issue, page 4-101)
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Sponsors	 Last Appearance in SFR 

(see the March 1985 issue, page 4-103 and the June 1985 issue, page 4-77 for a list of previously completed and 
suspended projects) 

Gulf States Utilities Project 

Howmet Aluminum 
King-Wilkinson/Hoffman Project 

Mulberry Coal-Water Fuel Project 
Sohio Lima Coal Gasification/ 

Ammonia Plant Retrofit Project 
Underground Coal Gasification 

Underground Coal Gasification, 
Hanna Project 

Underground Coal Gasification, 
Thunderbird II Project

KEW Energy Systems 
Gulf States Utilities 
Howmet Aluminum Corporation 

E. J. Hoffman 
King-Wilkinson, Inc. 
CoaLiquid, Inc. 
Sohio Alternate Energy Development 

Company 
United States Department of Energy 
University of Texas 
Rocky Mountain Energy Company 
United States Department of Energy 
In Situ Technology 
Wold-Jenkins

March 1985; page 4-74 

March 1985; page 4-74 
March 1985; page 4-80 

March 1985; page 4-85 
March 1985; page 4-93 

June 1985; page 4-75 

June 1985; page 4-75 

March 1985; page 4-102 
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Company Or Organization 

AECI Ltd. 

AEM Corporation 

Air Products and Chemicals, Inc. 

Alberta/Canada Energy Resources 
Research Fund 

Alberta Research Council 

Allis-Chalmers 

American Natural Resources 

American Natural Service Company 

Amerigas, Inc. 

Anaconda Minerals Company 

ANR Gasification Properties Company 

Ansaldo 

ARC-COAL, Inc. 

ASEA AS 

Asia Oil 

Australia, Federal Government of 

Babcock Woodall-Duckham Ltd. 

Baltimore Gas and Electric 

Basic Resources, Inc. 

Bechtel Inc. 

Bechtel Power Corporation 

Belgium, Government of 

Big Three Industries 

Black, Sivalls & Bryson, Inc. 

The BOC Group plc 

BP United Kingdom, Ltd.

Project Name

AECI Ammonia/Methanol Operations 4- 62 
Coalpiex Project 4- 63 

LFC Coal Liquefaction/Cogeneration Plant 4- 72 

Air Product Slagging Gasifier Project 4- 61 
Laporte Liquid Phase Methanol synthesis 4- 72 
Solvent Refined Coal Demonstration Plant (SRC-I) 4- 78 

Liquefaction of Alberta Sub-Bituminous Coals, Canada 4- 73 
Pyrolysis of Alberta Thermal Coals, Canada 4- 77 

Liquefaction of Alberta Sub-Bituminous Cords, Canada 4- 70 
Pyrolysis of Alberta Thermal Coals, Canada 4- 72 

KILnGAS Project 4- 71 

Great Plains Gasification Project 4- 68 

Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Mining and Industrial Fuel Gas Group Gasifier 4- 73 

EDS Process 4- 65 

Great Plains Gasification Project 4- 68 

Fiat/Ansaldo Project 4- 66 

Hillsborough Bay Coal-Water Fuel Project 4- 69 
Port Sutton Coal-Water Fuel Project 4- 76 

Nynas Project 4- 75 

Victoria Brown Coal Liquefaction Project 4- 80 

Victoria Brown Coal Liquefaction Project 4- 80 

Slagging Gasification Consortium Project 4- 78 

KILnGAS Project 4- 71 

Underground Gasification of Texas Lignite, 4- 82 
Lee County Project 

Cool Water Coal Gasification Project 4- 63 
Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Hillsborough Bay Coal-Water fuel Project 4- 69 

Underground Coal Gasification, Joint Belgo-German Project 4- 81 

Slagging Gasification Consortium Project 4- 78 

Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Slagging Gasification Consortium Project 4- 78 

Monash Hydroliquefaction Project 4- 74
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Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4- 82 

British Department of Energy National Coal Board Liquid Solvent Extraction Project 4- 74 
National Coal Board Low-BTU Coal Gasification Project 4- 75 

British Gas Corporation Slagging Gasification Consortium Project 4- 78 
Stagging Gasifier Project 4- 78 

Broken Hill Pty. Broken Hill Project 4- 62 

Brookhaven National Laboratory Flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4- 66 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4- 80 

Burlington Northern, Inc. Circle West Project 4- 63 
Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Bureau de Reeherches Geologiques Underground Coal Gasification of Deep Seams 4- 81 
at Minieres 

Calderon Energy Company Calderon Fixed-Bed Slagging Project 4- 62 

Can Do, Inc. Can Do Project 4- 63 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4- 70 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4- 63 

Central Illinois Light Co., Inc. KILnGAS Project 4- 71 

Cerchar Mazingarbe Coal Gasification Project 4- 73 

Charbonnages de France Mazingarbe Coal Gasification Project 4- 73 
Underground Coal Gasification of Deep Seams 4- 81 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4- 72 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4- 73 
Corporation 

Cities Service Integrated Two-Stage Liquefaction 4- 70 

Cleveland-Cliffs Iron Company Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Coal Gasification COGA-1 Project 4- 63 

COMCO of America, Inc. Hillsborough Bay Coal-water Fuel Project 4- 69 
Port Sutton Coal-Water Fuel Project 4- 76 

Companhia Auxiliar de Empresas Underground Coal Gasification, Brazil 4- 80 
Electricas Brasileiras 

Consolidation Coal Company Slagging Gasification Consortium Project 4- 78 

Consumers Power Company KILnGAS Project 4- 71 

CRA (Australia) Kloechner Coal Gasifier 4- 71 

CSR Ltd. Australian SRC Project 4- 62 

Davy McKee Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 73
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Company or Organization Project Name 

Deutsche Babcock AG Huenxe CGT Coal Gasification Pilot Plant 4- 70 

DEVCO Scotia Coal Synfuels Project 4- 77 

Dow Chemical Dow Gasification Process Development 4- 65 
Dow Syngas Project 4- 65 

Dravo Engineers and Constructors Mining and Industrial Fuel Gas Group Gasifier 4- 73 
Underground Coal Gasification, Byrne Creek 4- 80 

Ebasco Services, Inc. Chiriqui Grande Project 4- 63 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4- 61 
Cool Water Coal Gasification Project 4- 63 
EDS Process 4- 65 
KILnGAS Project 4- 71 
Laporte Liquid Phase Methanol synthesis 4- 72 
Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Elgin Butler Brick Company National Synfuels Projects 4- 75 

Empire State Electric Energy Cool Water Coal Gasification Project 4- 63 
Research Corporation (ESEERCO) 

ENEL (Italian State Utility) Fiat/Ansaldo Project 4- 66 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4- 76 

Energy Brothers Inc. K-Fuel Commercial Facility 4- 71 

Energy Investment Inc. Underground Coal Gasification, Byrne Creek 4- 80 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4- 75 

Enrecon, Inc. Enrecon Coal Gasifier 4- 66 

ENI EDS Process 4- 65 

European Economic Community Mazingarbe Coal Gasification Project 4- 73 
Underground Coal Gasification, Joint Belgo-German Project 4- 81 

Exxon Company, USA EDS Process 4- 65 

Fiat 'rFG Fiat/Ansaldo Project 4- 66 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4- 72 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4- 74 

Foster Wheeler Energy Corporation Elmwood Coal-Water Fuel Project 4- 65 
Mobile Coal-Water Fuel Projects 4- 73 
Savannah Coal-Water Fuel Projects 4- 77 

Gallagher Asphalt Company Aqua-Black Coal-Water Fuel Project 4- 62 

Gas Development Corporation Mazingarbe Coal Gasification Project 4- 73 

Gaz de France Underground Coal Gasification of Deep Seams 4- 81 

Gelsenberg AG Huenxe COT Coal Gasification Pilot Plant 4- 70
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Company or Organization Project Name 

General Electric Company Cool Water Coal Gasification Project 4- 63 
IGCC Simulation 4- 70 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4- 82 

Gesellschaft fur Kohle-Technologie PRENFLO Gasification Pilot Plant 4- 77 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4- 77 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4- 82 

Great Plains Gasification Associates Great Plains Gasification Project 4- 68 

Group d'Etudes de Is Gazeification Underground Coal Gasification of Deep Seams 4- 81 
Souterraine (GEGS) 

Gulf Canada Products Company Scotia Coal Synfuels Project 4- 77 

Hanna Mining Company Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4- 76 

H-R International, Inc. H-R International Syngas Project 4- 69 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4- 80 

Illinois Power & Light Company KILnGAS Project 4- 71 

Illinois, State of KILnGAS Project 4- 71 

Institute of Gas Technology Mazingarbe Coal Gasification Project 4- 73 

Institut Francais du Petrole Underground Coal Gasification of Deep Seams 4- 81 

International Coal Refining Co. Solvent Refined Coal Demonstration Plant (SEC-I) 4- 78 

Iowa Power & Light Company KILnGAS Project 4- 71 

Japan, Government of Victoria Brown Coal Liquefaction Project 4- 80 

Japan Coal Liquefaction Development BUS Process 4- 65 

Japan Cool Water Program Cool Water Gasification Project 4- 63 
(JCWP) Partnership 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4- 71 
System for Electric Power Generation 

Kentucky, Commonwealth of Solvent Refined Coal Demonstration Plant (SRC-I) 4- 78 

KHD Industries Lulea Molten Iron Pilot Plant 4- 73 

KILnGAS R & D, Inc. KILnGAS Project 4- 71 

Kiochner Kohlegas Klochner Coal Gasifier 4- 71 
Penn/Sharon/Klockner 4- 76 

Kobe Steel Victoria Brown Coal Liquefaction Project 4- 80 

KRW Energy Systems Inc. Fiat/Ansaldo Project 4- 66 
KRW Energy Systems Inc. Advanced Coal Gasification 4- 71 

System for Electric Power Generation
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Corn )any or Organization Project Name 

Lawrence Livermore Laboratory Underground Coal Gasification - Tono Project 4- 82 

Lummus Company Integrated Two-Stage Liquefaction 4- 70 

Lurgi Kohle & Mineraloltechnik, GmbFI Ilydrogasification of Coal to SNG 4- 70 

Manfred Nemitz Industrieverwaltung Fluenxe CGT Gasification Pilot Plant 4- 70 

MCN Coal Gasification Company Great Plains Gasification Project 4- 68 

Meridian Land and Mineral Company Circle West Project 4- 63 

Michigan Wisconsin Pipe Line Co. Great Plains Gasification Project 4- 68 

MidCon Corporation Great Plains Gasification Project 4- 68 

Mitchell Energy Underground Coal Gasification 4- 80 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4- 80 

Mitsui Coal Development Pty. Australian SRC Project 4- 62 

Monash University Monash Hydroliquefaction Project 4- 74 

Monongahela Power Company KILnGAS Project 4- 71 

Morgantown Energy Technology Center Underground Coal Gasification - Bituminous Project 4- 82 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4- 74 

National Aeronautics and Space Kennedy Space Center Polygeneration Project 4- 70 
Administration 

National Coal Board Liquid Solvent Extraction Project 4- 74 
Low-BTU Gasification Project 4- 75 

National Synfuels Inc. National Synfuels Projects 4- 75 

Natural Gas Pipeline Co. of America Great Plains Gasification Project 4- 68 

New Energy Development Organization Japanese Bituminous Coal Liquefaction Project 4- 70 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4- 80 

Nissho Iwai Victoria Brown Coal Liquefaction Project 4- 80 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4- 69 

Nokota Company Dunn Nokota Methanol Project 4- 65 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4- 62 
Synthesegasanlage Ruhr (SAR) 4- 79 
Texaco Coal Gasification Process Development 4- 79 

NOVA Scotia Coal Synfuels Project 4- 77 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4- 77 

Nynaes Petroleum Nynas Project 4- 75 

Ohio Edison Company KILnGAS Project 4- 71 

Pacific Lighting Corporation Great Plains Gasification Project 4- 68 
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Company or Organization Project Name 

Pacific Power and Light Underground Coat Gasification, Tono Project 4- 82 

Pacific Synthetic Fuel Company Great Plains Gasification Project 4- 68 

Pennsylvania Engineering Corporation Penn/Sharon/Klockner Project 4- 76 

Peoples Natural Gas Company Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Petro-Canada Scotia Coal Synfuels Project 4- 77 

Phillips Coal Company EDS Process	 - 4- 65 

Pickands Mather & Company Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Potomac Edison Company KILnGAS Project 4- 71 

Public Service of Indiana KILnGAS Project 4- 71 

Public Service of Oklahoma KILnGAS Project 4- 71 

Questar Synfuels Corporation Utah Methanol Project 4- 80 

Republic of Texas Coal Company Underground Coal Gasification - Mitchell Energy 4- 80 

Reserve Mining Company Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Rheinische Braunkohlwerke Hydrogasifieation of Coal to SNG 4- 70 
Rheinbraun High Temperature Winkler Project 4- 77 

Riley Stoker Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Rockwell International Cities Service/Rockwell Process Development 4- 63 

Rocky Mountain Energy Company Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Royal Dutch/Shell Group Shell Coal Gasification Project 4- 78 

Ruhrkohle AG EDS Process 4- 66 
Texaco Coal Gasification Process Development 4- 79 

Ruhrkohle Get & Gas GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 62 
Oberhausen Coal Gasification Project 4- 76 
Synthesegasanlage Ruhr (SAR) 4- 79 

Ruhrehemie AG Oberhausen Coal Gasification Project 4- 76 
Synthesegasanlage Ruhr (SAR) 4- 79 
Texaco Coal Gasification Process Development 4- 79 

Saarbergwerke AG GFK Direct Liquefaction Project 4- 68 

Sasol Limited Sasol Two and Sasol Three 4- 77 

Scrubgrass Associates Scrubgrass Project 4- 77 

SGI International LFC Coat Liquefaction/Cogeneration Plant 4- 72 

Sharon Steel Corporation Penn/Sharon/Klockner Project 4- 76 

Shell Oil Company Shell Coal Gasification Project 4- 78 

Signal Companies, The Keystone Project 4- 71 
Northern Peat Energy Project 4- 75
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Company or Organization Project Name 

Slagging Gasification Consortium, The H-R International Syngas Project 4- 69 

Sohio Alternate Energy Development Cool Water Coat Gasification Project 4- 63 
Company 

South Australia, Government of South Australian Coal Gasification Project 4- 79 
Underground Coal Gasification, Leigh Creek 4- 82 

Southern California Edison Cool Water Coal Gasification Project 4- 63 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4- 82 

Standard Havens, Inc. Aqua Black Coal-Water Fuel Project 4- 62 

Standard Oil Company of Ohio Beacon Process 4- 62 

Stone & Webster Engineering Group Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Storstockholms Energi Nynas Project 4- 75 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4- 73 

Tenneco, Inc. Great Plains Gasification Project 4- 68 
SNG from Coal 4- 79 

Tenneco SNG Inc. Great Plains Gasification Project 4- 68 

Tennessee Eastman Company Chemicals From Coal 4- 63 

Tennessee Gas Pipeline Company Great Plains Coal Gasification Project 4- 68 

Texaco Inc. Cool Water Coal Gasification Project 4- 63 
Texaco Coal Gasification Process Development 4- 79 

TOSCO Corporation TOSCOAL Process Development 4- 79 

Transco Companies, Inc. Great Plains Gasification Project 4- 68 

Transco Coal Gas Company Great Plains Gasification Project 4- 68 

Transcontinental Pipe Line Corporation Great Plains Coal Gasification Project 4- 68 

TRW, Inc. Beacon Process 4- 62 

Twin Cities Metallurgical Mining and Industrial Fuel Gas Group Cashier 4- 73 
Research Center 

TVA TVA Ammonia-From-Coal Project 4- 79 

Ube Industries, Ltd. Ube Ammonia-from-Coal Plant 4- 79 

IJhde GmbH Rheinbraun High Temperature Winkler Project 4- 77 

Union Electric Company KILnGAS Project 4- 71 

Union of Soviet Socialist Republics Kansak-Achinsk Basin Coal Liquefaction Pilot Plants 4- 70 

University of Minnesota University of Minnesota Low-BTU Gasifier for Commercial Use 4- 79 

University of North Dakota Gasification Environmental Studies 4- 66 

USBM - Twin Cities Metallurgical Mining and Industrial Fuel Gas Group Gasifier 4- 73 
Research Center
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Company or Organization Project Name 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4- 61 
81-GAS Project 4- 62 
Cities Service/Rockwell Process Development 4- 63 
EDS Process 4	 65 
Flash Pyrolysis of Coal With Reactive and Non-Reactive Gases 4- 66 
lntegraged Two-Stage Liquefaction 4- 70 
KRW Advanced Coal Gasification System for 

Electric Power Generation 4- 71 
Laporte Liquid Phase Methanol Synthesis 4- 72 
Mining and Industrial Fuel Gas Group Gasifier 4- 73 
Mountain Fuel Coal Gasification Process 4- 74 
Solvent Refined Coal Demonstration Plant (SEC-I) 4- 78 
University of Minnesota Low-BTU Gasifier for 

Commercial Use 4- 79 

Underground Coal Gasification 
Brazil Project 4	 80 
Bituminous Coal Project 4	 92 
Tono Project 4- 82 

United States State Department Chiriqui Grande Project 4- 63 

U.S. Steel Corporation Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Veba Oil GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4- 62 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4- 80 

Washington Irrigation & Development Underground Coal Gasification, Tono Project 4- 82 

Washington, State of Underground Coal Gasification, Tono Project 4- 82 

Western Energy Company Mining and Industrial Fuel Gas Group Gasifier 4- 73 

West German Federal Government Kloeckner Coal Gasifier 4- 71 
Texaco Coal Gasification Process Development 4- 79 
Underground Coal Gasification, Joint Belgo-German Project 4- 81 

West German Federal Ministry for Bottrop Direct Coal Liquefaction Pilot Plant Project	 - 4- 62 
Research & Technology Hydrogasification of Coal to SNG 4- 70 

Rheinbraun High Temperature Winkler Project 4- 77 
Synthesegasanlage Ruhr (BAR) 4- 79 

West Penn Power Company KILnGAS Project 4- 71 

Westinghouse Electric Westinghouse Advanced Coal Gasification System 
for Electric Power Generation 4- 71 

Weyerhaeuser Mining and Industrial Fuel Gas Group Gasifier 4- 73 

Wheelabrator-Frye Northern Peat Energy Project 4- 75 
Solvent Refined Coal Demonstration Plant (SRC-1) 4- 78
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APPENDIX 

United States
Synthetic Fuels Corporation 

COMPREHENSIVE
STRATEGY

REPORT 
L INTRODUCTION 

A. Background and Purpose 
The Energy Security Act (ESA) (Public Law 96-294, June 30, 

1980) created the United States Synthetic Fuels Corporation to pro-
vide financial assistance to the private sector to undertake synthetic 
fuels projects. The ESA established a national production goal of 
achieving a synthetic fuels production capability equivalent to at least 
500,000 barrels perday (lshl/d) ofcritcic oil by 1987 and at least 2 mil-
lion hhl/d of crude oil by 1992. The Corporation's Board of Directors 
was directed to adopt and to submit directly to Congress a comprehen' 
site strategy to achieve [his goal. 

In thejudgment of the Board, it is not possible to accomplish the 
national production goal under current conditions. Therefore, the 
Board cannot submit toCongrcss a comprehensive strategy that meets 
the strict requirements ofihe ESA. I fowever, in order to be as respon-
sive as possible to the purposes and requirements of the ESA, the 
Board has adopted this Comprehensive Strategy Report. To the extent 
possible, this Report provides the information and reconitnendatiotus 
that the Corporation is directed to include in the comprehensive 
strategy. 

B. Summary Conclusions 
This Report describes five principal conclusions the Board has 

reached ass resuit of its analyses and experiences. 
Conclusion One: Despite the dramatic improvements in the near-
term energy situation over the past 5 years, the Nation still faces 
the near certainty ofincreasing energy prices and growing oil im-
parts before the end ofthe century, as well as the possibility of tan-
expected disruptions in energy markets at any time. Therefore, 
there continue to be compelling economic and national security 
reasons to develop a viable synthetic fuels option for the Nation. 

Conclusion Two: The Nation will not have a viable synthetic fuels 
option until an extensive base of data is available to support the 
technical, financial, environmental, and regulatory decisions that 
will have to be made in any expansion of the industry. It will 
take a decadeor more ofexperience with a variety ofevolviog tech-
nologies todevelop the needed data, much ofwlsich can only come 
from the design, construction, and long-term operation of pioneer 
projects using full-scale equipment. Pilot plants and short-term 
operation cannot establish the engineering scaleup factors or pro-
vide the actual cost and performance data needed to reduce the 
risks ofdevclopittg a large industry quickly. 

Conclusion Three: Under current technological and market con-
ditions, the expected private return on investments in synthetic 
fuels is inadequate to induce the private sector to undertake pio-
neer projects on its own. There are a limited number of firms with 
the resources, capability, and strategic interests necessary remake 
a pioneer project attractive even with Government fitsancial assis- 
eance. Government must maintain a cooperative relationship with 
industry ifa timely, cost-effective, and environmentally acceptable 
program of pioneer projects is to be developed. 

Conclusion Four: The basic asrssctstre of the Energy Security Act 
(ESA) provides a sound and logical basis for implementing a syn-
thetic fuels program. The ESA provides for an initial phase (re- 
ferred to here at Phase I) in which the Corporation is to assist 
projects using diverse resources and technologies to learn how

best to expand national synthetic furls production when it is ap-
propriate to do an. The ESA also provides for a l'ltaae II, ,vlticl, 
would begin only when Congress approves a comprehensive strat-
egy and whicl, would emphasize development ofa large national 
prodttction capacity. If any decisions al,ottt whether, when, and 
how to proceed to Phase II are made only after Phase I has been 
implemented, this phased approach is at valid today as in 1980. 

Conclusion Five: It is neither possible ,,or necessary to predict 
now the ul t imate cost, scale, anti timing oft se Nation's synthetic 
fitels industry. Ilowever, the appropriated funds currently avail. 
able to the Corporation (approximately $8 billion) appear ade-
quate to implemen t a Phase I program that will take the Nation a 
ltstsg way toward the objective of having a viable synthetic furls 
option in the late 1990s. 

C. Summary Recommendations 

On the basis of these conclusions, the Board makes four principal 
recommendations. 

Recommendation One: The national synthetic fuels program 
should he continued under the provisions of the Energy Security 
Act (ESA), as modified by the Continuing Appropriations Act, 
1985 (Public Law 98-473, October 12, 1984), without regard to she 
tlasea specified for submission .(a comprehensive strategy or for 
accomplishing specific national production levels. 
Recommendation Two Upon completion of Phase I but no later 
than the end of 1988, the Board should submit to Congress a Sec-
ond Comprehensive Strategy Report describing progress to date, 
addressing when and how the Corporation's involvement should 
be limited and ultimately terminated (as provided in Section 
126(h)(3)(C) of the Energy Security Act), and recommending 
whether and how to proceed with the program. 
Recommendation Three: The Corporation alsotstd complete the 
phase I Business Plan adopted by the Roan!. Under this Plan, the 
Board intends to assist a portfolio ofsynthetic fuels prnjecss that, 
individually and in total, will cost no more than necessary to give 
tise Nation the experience it needs in scaling up from pilot plants 
to commercial production using the most promising resources and 
technologies. 
Recommendation Four: The Corporation's appropriation for as- 
abting syttshetic fuels projects should be maintained at its current 
level utntil the Corporation is able to provide a more accurate esti-
mate of what will be required to implement the Phase I Business 
Plan. 

The Board expects to be able to implement its Phase I Business 
Plan with she finasscisl resources currently appropriaeed and torecotsi- 
mend, in its Second Comprehensive Strategy Report, that Government 
involvement in synthetic fuels development be eliminated or greatly re-
duced, leaving further development to the private sector. 1-fowever, 
there are many uncertainties that will affect both what the Corpora-
tion will be able eoaccomplish and the market outlook for the industry. 
It is the Board's view that she approach recommended above gives 
Congress she flexibility and control it needs to adapt the national syn-
thetic fuels program to evolving conditions, while giving the Corpora-
tion the continuity awl independence it needs to implement a cost-
effective program in partnership with industry. 

D. Plan of the Report 
This Report builds on and incorporates the principles in the State-

ment of Objectives and Principles adopted by the Board in January 
1985 and in the Phase I Business Plan adopted by the Board in Febru-
ary 1985 (included as appendices A and B). The Report consists of 
seven sections: 

I. Introduction 

II. Developments in Energy Markets and Synthetic Fuels 

III. Experience under she National Synthetic Fuels Program 

5-1	 SYNTHETIC FUELS REPORT, SEPTEMBER 1985



IV. The National Synthetic Fuels Production Coal 

V. Implications for site National Synthetic Fuels Program 

V1. Implementing  the Phase I Business Plan 

VII. Conclusions 
Appendices to this Report contain background material, includ-

ing the reports required by the ESA to be part of the comprehensive 
strategy. 

IL DEVELOPMENTS IN ENERGY MARKETS 
AND SYNTHETIC FUELS 

Since enactment of use ESA of 1980, the energy outlook has 
changed dramatically, and much has been learned about (lie econnm-
ira and teds nnlngy ofsynt bet ic fuels proctor, iuts. 'lIt is section sets forth 
the Boards views on these developments and their implications for the 
synthetic fuels program. 

A. Energy Market Developments Since 1980 
When the ESA was passed in 1980, events in the Persian Culfisad 

recently caused world oil prices to soar and gasoline lines to form for 
the second time since 1973. Memories of the natural gas crisis of 
1976-77 were still fresh. It was widely believed that energy prices 
would continue escalating and energy supplies would continue being 
unreliable. Rapid development ofa domestic synthetic fuels production 
capacity seemed a natural response. 

Since 1980, supply and demand in world oil markets, aided by par-
tial deregulation of domestic energy markets and other policy actions, 
have improved the energy situation markedly: 

• The priceofoil in worldand U.S. markets has declined signifi-
cantly in dollar terms, although less in terms ofother major 
currencies, which have declined in value relative to shedollar. 

• Oil production outside the Organization of Petroleum Ex-
porting Countries has increased relative to world oil con-
sumption, reducing OPEC's oil sales by more than halfsince 
1979. 

• TIse world oil supply system has proven surprisingly stable, as 
illustrated by the steady decline in world oil prices during a 
lengthy war between two major oil exporters in the Persian 
Gulf. 

• The U.S. Strategic Petroleum Reserve (SPR) has become 
large enough to provide a significant—though still abort-
term—buffer against sudden supply interruptions and the 
price pressures that would otherwise result. 

largely as a result of these positive developments, most current 
forecasts project oil prices to remain essentially unchanged over the 
rest of the 1980. and to increase only slowly in the 1990s. however, 
such sanguine forecasts are based on the assumption that tltere will he 
no disruptions of energy supplies and on sIte forecasters' all-too-
common tendency to assume that abort-term trends will continue for-
ever-

The obvious positive changes in the energy situation tend to mask 
some less apparent developments that have disturbing implications for 
the longer run. Among these developments are the following: 

• The period since dicoil pricejttmp of 1979-80 is similar to the 
period following the 1973-74 oil price increase, when prices 
declined in real dollar terms and the demise of OPEC was 
widely predicted. A few years of stability are no guarantee 
that prices will not surge again. 

• Even with unprecedented higls levels of domestic oil prices 
and exploration activity in the early 1900s, oil reserves are not 
being replaced in (lie United States as fast as they are being 
depleted. Poor results from recent exploration have led site 
Department of (lie Interior to reduce by 55 percent its esti-
mates of recoverable offshore oil. 

• Domestic oil production is not expected to reads 1970 levels 
again. Even though the dramatic price increases since then 
temporarily reversed the inevitable decline, nothing is likely 
to prevent domestic production from declining in the 1990s.

• Privately held stocks of petroleum have declined as the SPR 
has increased. While adequate to offset supply interruptions 
ofa fcw isinot Its, the Si'll and private reserves will always Ise 
issadct 1 ltatc to deal effectively with areelstctints its supply that 
lasts a year or mote. 

In short, despite many positive changes in the energy situation 
since 1900, osltrr dcveloptssents over that period suggest that thte Na-
tion cannot affottI to becossse complacent. The nest section discusses discusses 
sonic fsttttlansettt:tI ecossontic factors that affect (INC Supply and price 
ofa dephr.tahle natural resource stscls as oil in the long run. Considera' 
lion oftltese factnrs makes it possible to put recent events in perspec-
tive and cats provitte useful insights into (lie long-term future ofenes-gy 
in general anti sytttlsetic fuels in particular. 

B. Fundamental Factors Affecting Energy 
In the Long Run 

\'Isen expected future drmstsd for a depletable resource a( current 
prices begins to exceed the amount thought to be ultimately available, 
the market price oftite resource begins to increase above production 
costs. Owners of tlse resource, in deciding how much to produce now 
and how much No hold for the future, compare current prices to cx-
pected future prices. If the price is expected to increase "too slowly." 
owners will want to produce now rather than later, investing the net 
proceeds in earning assets if they do not need curretst income. If the 
price is expected to increase "too rapidly," owners will want to with-
hold supplies in anticipation, borrowing against future net proceeds if 
they do neesl current income- Market equilibrium is reached when 
owners expect prices to rise jtsst fast enough so tlsat leaving their re-
source for ftttttre use is expected to pay off as well as, but no better 
tItan selling it and putting the proceeds in the hess investments avail' 
able to them. 

For a resource that is in danger of running out as current prices 
and tisat exists in thse world largely in low-cost, known deposits, this 
theory suggests that the price will increase at something like the rate of 
interest until it is capped by the cost ol'son,e plentiful substitute. For 
any real resource, ofcotsr,e, there are complicating factors that make it 
impossible to predict accurately the exact level and timing of price 
changes. New discoveries, improved extraction technology, uncer-
tainty about who does or will control the resources, unexpected-
changes in demand or in the outlook for substittstes, and political or 
military events will all affect price movements in the short run. But 
when the new sources and substitutes are expected to be much more 
expensive, the price Crisdepletable resource will increase over time on- 
(it it is essentially gone and the substitutes have taken its place. 

The oil teserves ofthe Middle East closely approximate the condi-
tions ofsltis theory. In the late lOGOs, it was widely predicted drat in-
creasing U.S. and world demand for oil through the biOs and into the 
On would be met by massive exports of cheap oil from the Middle 
East. When political events in the early 1970s gavegovernments in the 
region the opportunity to take control oftheir own resources, prices a-
calated rapidly and expectations about future demand and supply 
were radically changed. Prices increased rapidly again in 1979-80, 
triggered try the war between Iran and Iraq. The current softness in 
world markets suggests that prices increased too much and are now 
settling hack down to their long-run equilibrium path. But, over time, 
the price ofoil can he expected to increase at rates well above the rate 
ofgesirral inflation, until low-cost oil is essentially replaced in the mar.. 
ket by more plentiful but more costly alternatives. 

Other fossil fuel resources, particularly coal and oil shale, will not 
experience scarcity price increases for manydecades, because they are 
an plentiful relative to any reasonable expectation ofdemand. Except 
for brief periods in which demand temporarily surges ahead of in-
stalled production capacity, the prices ofeoal and oil shale will be de-
termined largely by production costs. Natural gas appears to be some-
where between scarce oil and plentiful coal and oil shale. Therefore, 
the market price of natural gas is likely to increase, but less rapidly 
than the price ofoil. 

The above considerations help to explain some important features 
of the energy market, several of which follow: 

as The value Soil in the world market has no necessary relation-
ship to production coats in tow-cost regions, but depends on 
how mttcls oil there is, how fast it is being used, and expecta-
tions boot future alternatives. 
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• Synthetic fuels arc almost certain to become economical 
wi rlsin a few decades, as 1st price nfni I a rid (to a lesser extent) 
natural gas rises, on average, relative to more rslcnl ltd fossil 
ltd resources dint can he converted into oil and gas. 

• At some point in the next century, the real price ofoil and gas 
will stop increasing, as the low-cost natural sources are ex-
hausted and replaced by higher cost synthetic fsreis and other 
substitutes (including high-coss natural sources). 

• Actions that lower tlse expected frururre cost ofaynulsetic fuels 
or liar increase rite rare at wlsicls production can be expanded 
later can have a moderating effect on current nil prices, even 
without 5 igrsi flea nit production in sIre near fits re. 

C. Oil Supplies, lire Energy Industry, and Import 
Dependence 
As discussed in tire preceding section, it is generally agreed that 

oil prodiction in the United States has reached its peak not will de-
cline in the 1990s. The large price increases over rise past decatle atimss-
lared historically unprecedented levels of exploration activity in the 
early lOSOs, but she results have been so clisappointirrg that official es-
timates of ultimately recoverable oil have been reduced. The high
prices temporarily reversed tire inevitable decline to domestic oil pro- 
duction, largely by encouraging more rapid depletion of existing 
reserves- However, with production exceeding new discoveries, it is 
only a matter of time lselrsre tile decline in prodrrctron resumes and ac-
celerities. 

l'lse combination esf :s weak it price otrtbrok and disappointing  re-
sr,its from tinunear it exploration is producing a ma jor rest riser uri rig a ad 
retrenchment in tire U.S. energy industry, wi th disturbing implications 
for rIse firs tr re domes t ic supply of oil. Reduced earnings from existing 
operations have left some energy companies short of cash and vulnera-
ble to corporate mergers and takeovers. Takeover battles have created 
large debts that will restrict the capital spending of some companies. 
Budgets for domestic exploration and arid development are being reduced, 
especially in the frontier areas where the major oil and gas finds oftlse 
future will have to he made,As a result, total drilling activity is clown 
over 50 percent from its high in 1981. Needless to say, synthetic fuels in- 
vestments are also faring poorly in corporate capital allocation deci- 
sions, with few firms following through on the plans ofa few years ago 
to build and operate commercial synthetic fuels plants, with or without 
Government assistance-	 - 

On the demand side, the price increases of the iOlOs stimulated 
conservation measures that have reduced U.S. oil demand by I7 per-
cent ofits peak level in 1978. Much of this conservation is here to stay, 
and some of the oil-conserving actions are yet to have their full effect 
on demand. However, with oil prices generally expected to remain flat 
or even decline further over the next few years, it is likely that demand 
for oil will increase with economic growth, even as domestic produc-
tion is declining. Thsrs, unless prices increase enough to stimsulate even 
more conservation and (for a while) production, oil imports must in-
crease in tire 1990s. 

Appendix C describes several representative pmjections of oil 
prices and imports. Most oftlsese projections that asstnmeorsly moder-
ate price increases also assume that oil imports into the United States 
will increase over rise 1990s to levels nearing or exceeding tltose oftlte 
101Os. This is just the kind of forecast that was common in tire early 
1970s. Perhaps die forecasters are correct this time, and the United 
States and other countries will be aisle to meet their increasing de-
mands for oil wirtsosss pushing tip world prices, fits,, even ifimports can 
increase this way, the result will he to put the Nation back into the situ-
ation ofvtslneralaiiity it faced in the 1970s. 

These considerations persuade the Board that the Nation will very 
likely want to expand commercial production n(syntlsetic fuels, partic-
ularly those that will stsbstitttte for imported oil, near the end of this 
century. Although it is impossible no predictjust when anti how , fast the 
industry will or should expand, it seems reasonable that s national 
production capacity of several million barrels per day in the early de-
cades of the next century wosslel pay significant dividends in terms of 
economics and national security. Thus, the Board has concluded the 
following: 

Qinclnssints One: Despite the dramatic improvements in the near- 
termenergy situation over rise past 5 years, tire Nation still fares 
the near certainty of increasing energy prices and growing oil im-

ports before tire end ofuhe renrtrry, as well as the possibility of tan-
expected disruptions irs energy markets at any time. Therefore, 
lucre conuintre to be compelling economic and national security 

reasons to develop a vi.shle synthetic fuels option for the Nation. 

D. Developments in the Synthetic Fuels Industry 
While the outlook in ernergy markets has been changing and the 

attractiveness nfayrsrlseric fuels invesuments for private firms Iras been 
declining, activities began some years ago have been adding to the Na-
tion's knowledge of and ci perienee with synthetic fuels. Feasibility 
studies and detailed etsgiascring designs of commercial plants have 
been conducted. A few pioneer plants have beers constructed, and 
some oftisese are in the early stages ofoperstion. Among thse most im-
portant lessons learned frotn these activities are the following: 

• Estimates of the capital costs of pioneer synthetic fuels proj-
ects have often increased as designs have progressed from 
early feasibility studies to more detailed engineering. How-
ever, projects that have been constructed have generally met 
constrtrcuion budgets and schedules based on detailed engi-
neerinsg desigts and equipment price quotations. Recognizing 
these facts, the Corporation has consistently required that 
projects have a high level ofengineering and cost estimation 
complete before negotiating final assistance agreements. 

• Capital cost estimates based on detailed engineering design 
indicate lint coal and oil shale processing plants in the 
50.000-blsl/d range necessary to capture maximum econo-
mies ofscaie will cach cost $3.5 billion t.$4.5 billion (in con-
stant 1985 dollars, excluding interest during construction). 
Projects that sacrifice some economies of scale cost less in 
total Issue muds more on a dollars-per-unit-of-capacity basis. 

• In situ processing of tar sands and heavy oil (and perhaps 
even true in sins processing olshallow oil shale) can he under-
takers in projects much smaller tluan surface coal and oil shale 
projects wiulronrt sacrificing economies of scale. True in situ 
projects generally appear to have significantly lower unit cap-
ital costa than d,s surface processing projects. However, pro-
el ret ion from no in sit ts project depends on unpredictable, site-
specific geological factors, so actual unit production costs in 
any particular case are highly uncertain. 

• Several of rite projects that have been httiit have encountered 
problems in scaling up from previous facilities. Revisions to 
achieve acceptable performance will require time and money. 
Such problems are not unexpected in pioneer projects, but 
have highlighted tlie costs and risks involved in such projects. 
On the other hand, other projects are proceeding as well as or 
even better than expected. Boris those projects that have 
worked well and those that have had problems are suggesting 
ways to intprove cost and performance in later plants. 

• Coal gasification in integrated chemical plants and electric 
utility systems is proving to be a particularly attractive near-
term applicatinus for some important synthetic fssels technolo-
gies. For example, compared to a coal-fired power plant with 
a stack gas scrubber, an integrated coal gasifier/combined 
cycle isower plant can be energy efficient, allow generation ca- 
pacity to be added in smaller units, and produce muds less sir 
point inn anti difficult solid waste. Such a plant may be prac-
tical using a single process traits and, ifthegasifieris properly 
chosen, can provide valuable experience directly applicable to 
synthetic litels projects that product: liquid fuels and pipeline 
gas.	 - 

• The pioneer plants in operation are demnnstrating (fiat syn-
thetic fuels projects can meet environmental standards and 
cats even be much cleaner than the alternative technologies. 
In fact, coal gasification has the potential to mitigatestsbstan-
tiaily rise air pollution and acid rain problems associated with 
electricity production from coal. Where environmental prob-
lems have occurred, proposed solutions have been identified 
and are being incorporated. Appendix D summarizes the 
Corporation's experience with tise environmental aspects of 
synthetic fsueha projects. 

• The economic viability of any synthetic fuel project is criti-
cally affected by tax provisions relaxing to investment.

- 

- 
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Changes in the investment tax credit, the treatment ofdepre-
ciatinn, and the production tax credit have had major effects 
On use OLttlOOk for itulividsial projects anti she industry as a 
whole. Moat of these effects over the past few years have re-
duced the attractiveness of synthetic fuels projects to private 
investors. 

In son sioary, the early nptititittn about I Itt synthetic ftiela icttlttttry 
has faded as the pinncc rs have cttnfi-otttecl the real it tea of ties igni ng, 
coiiatrtictitig_ and operating cntisplcx projects using innovative ccli-
otlugics ,atiel as the energy price and tax outlook have become less en-
couraging. However, the pioneer pnccts that have gone forward arc 
contributing to experience and are solving the inevitable problems as 
they arise. The private sector is gaining confidence whit the technol-
ogy, is learning how to avoid mistakes anti reduce costs, and is ap-
plying the technology where it is most economical. 

III. EXPERIENCE UNDER THE NATIONAL
SYNTHETIC FUELS PROGRAA'! 

The ESA clearly contemplated a massive craslt program to Pitt a 
large synthetic 1,tels production capacity in place as soon as possible. 
Because of the tna rket a al other i-es lit ies dcscrihetl above, the pro-
gram developed differently. This section describes what has been ac-
compliahted by the Department of Energy (DOE) and the Cot poratiots 
under the ESA and related sttt ltoritiea. 

A. Implementing the Program 

When the ESA created the Corporation in June1980, it was recog-
nized that it could take a yearor so for the Corporation to tsccomeoper-
ational. Therefore, Congress also provided funds and authority for 
DOE to implement a fast-start interim program, intended to provide 
financial assistance to projects that were jttelgcd ready to proceed. 
DOE acted quickly and approved assistance to three projects: the Col-
ony Shale Oil I'ioject, (lie Parachute Creek Phase I Shale Oil Project, 
and the Great Plains Coal Gasification Project. All three ofthese proj-
ects have encottntered serious problems (discussed in section B below), 
contributing to the Corporation's resolve not to commit itself to any 
project until the project's technical design and and financing are well ad. 
van ted - 

Altlsostgls the Corporation issued its first solicitation for project 
Proposals in November 1980, (his solicitation was very general in na-
ture and specified few project criteria. Ass result, many ofthe propos-
als submitted lacked even the most elemental project definition. The 
evaluation process moved slowly, however, because the initial interim 
Board of Directors resigned in January 1981 and a tlttly constituted 
permanent Board was not seated until October 1981. During tlsia his. 
[us, project evaluation was necessarily constrained and sponsors were 
hesitant to proceed without Board guidance. A second circumstance of 
greater impact was the serious softening ofworitl energy prices, which 
made tlse econonsies olpioneer synthetic fuels plants even more prob-
lematic. 

In December 1981, the Board issued a supplement to the initial so-
licitation establishing additional project criteria. l'lseBoard deter- 
mined that project sponsors would have to develop highlevels of proj- 
ect design anti have in place a strong project management group and
full equity before an award would be made. From the Board's point of 
view such stritigent criteria would assure sponsor commitment and 
provide a highs likelihood ofproject success. From the sponsor's point 
of view, such criteria required a high level ofcapitai investment its syn-
tisetic fuels in a period of increasing energy supplies and declining 
prices. Only [hose sponsors with a strong, long-term strategic 
interest—i.e., those holding large coal or oil shale reserves, or develop-
ers of technology, or in a few instances, major architect-engioeer, con-
struction and supplier firms—continued to make the capital and man-
agement commitments necessary to bring projects to the state of 
readiness required for Corporation assistance. 

In February 1982, the Corporation was declared operational and 
the Colony and Parachute Creek Phase I Projects, but not the Great 
Plains Project, were transferred to the Corporation for contract admin-
istration. Also, in February 1982, the Board resolved that the heat way 
to lay the groundwork for a commercial synthetic fuels industry was to 
emphasize the ESA's provision that 'prior to the approval ofa compre-
hensive strategy," the Board should assist projects that ''incorporates 
technological diversity ofprocesses, methods, and techniques. .....

Appendix E d .rities the Corporation's experience with project 
soliritatitstt atttl negotiation. In stttnmary, while tnost of he projects 
tteing contitlered Is)' t lie private sector applied for the Corporation's i-
tt ane is I assistance. t he otti no i ng tleteriorat itsn of the market outlook 
for sy it I itt it fttrla a xl the Itigls standards ofprctject strength and read-
tteas ins posetl by the Corpotas ion limited the number that qualified.  
The Corporation has been attIc to coneltde assistance agreements with 
2 projects, to titter into one agreement to share the cost of refining a 
poject codt estittiate, attd to hiring an additional II projects tothe point 
where an infort,setl decision could be made ahottt wlsetlser and how to 
proceed. 

The Comprehensive Project Reports included in appendix F de- 
scribe the experience with lie three projects assisted by DOE and the 
Itree projects assisted by the Corporation. This experience and the 

status nItlte eight projects with which the Corporation had active ut-
ters of intent wbscn the Continuing Appropriations Act, 1985, was 
passed are summarized below. 

B. Projects Assisted by DOE 

Under the "fast start" interim program, DOE conchttled assit- 
tstnce agreements with lute prnjeets. As tinted above, only Great 
Plains lots rensai ned under DOE administration 

I. The Colony Shale Oil Project 

The l'osco Corporatiots was awarded a $1.12-billion loan guaran-
tee for 75 percent of its 40-percent share of the capital coats of this
47,000-h sl/d project. The majority partner, Exxon (which neither 
asked for nor received any Government assistance), had not completed 
its design work nor committed itselfto the project when the loan gum' 
antee was made. For this reason, the Corporation did not support the 
loan guarantee at that time. Nonetlseless, an assistance agreement was 
concluded between Tosco and DOE. After investing almost $I billion 
its the project, Exxon decided that the project was not economically vi-
able, and the project was suspended indefinitely. TIse gtiaranteed loan 
was repaid in fill and no net Federal outlays resulted. 

2. The Great Plains Coal Gasification Project 

This 23,000-hhsl/d (oil equivalent) project has a $1.5-Isillion mao 
outstanding and guaranteed by DOE. The project is large enough to 
take advantage ofec000mies ofscaie, uses relatively well-proven tech-
nology in the gasification process, and had a well-developed design 
when a loan guarantee was approved. The Corporation did not sup-
port the loan guarantee in 1981, on the grounds that weak energy 
prices could make repayment impossible. The project is completing its 
startup operations; one major problem, in pollution control, is not yet 
completely solved and may prove expensive. In 1983 the project spon-
son said they might not be able to repay the guaranteed loan, despite 
an arrangement that yields above-market prices for the synthetic natu-
ral gas produced. They asked the Corporation to provide price support 
payments, and in 1984 the Corporation issued a letterofintent to assist 
the project (see section 0.1 below). 

3. The Paraehttte Creck Phase I Shale Oil Project 

This I0,400-bbl/d shtaleoil project using a single retort involved a 
large and risky scaleup of  difficult solids handling technology. The 
Corporation supported DOE's decision to provide a 1400-million price 
guarantee, because tinder this arrangement the technical risk is borne 
by the sponsor. The project has encottntcrcd problems that are de-
laying atartttp and proving costly to solve. Until the project produces 
fttel, no price guarantee payments will be made, 

C. Projects Assisted by the U.S. Synthetic Fuels 
Corporation 

The Corporation has concluded project assistance agreements 
with two projects and has shared with one project the costs ofimprov-
itig its project cost estimate. 	 - 

I. Thse Cool Water Coal Gasification Project 

This 4,300-IslsI/d (oil equivalent) project was designed to demon-
strate a new technology for use in electric utility combined-cycle 
plants, one of lie most promising near-term markets for coal gasifica-
tion. The gasifier is particularly well suited for bight-rank coals. The 
sponsors, an electric utility and several other firms primarily seeking 
experience with the technology, began the project with titeir own 
funds. The project was fttllydesigned and under construction when the 
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Corporation, in ensure operation olthe project in the face ofdeclining 
product prices, provided a price gLtarantee of$l 20 million. The project 
has been completed and operated successfully and is yielding valuable 
information for fu ture plants using this technology to produce syn- 
hetic fuels, either for power generation or as marketable substitute,     for 

oil or natural gas. 

2. Tlteflnw Syngas Coal Gasification Project 
This 5,170 blil/d (oil eqstivalent) project is for tire commercial pro-

duction of Fite] gas, process treat, and electric power ivithi ts an inte-
grated industrial  complex—a notlser of the market positions in which 
coal gasification will first he economical. The gasifier is suitable for all 
coals, including low-rank coals. The Corporation is providing a 
$620-million price guarantee. TIse project is on schedule, his encottn-
tered no signif icant technical or financial problems, and is expected to 
provide Further valuable experience applicable to follow-on commer-
cial plants. 

3. The First Colony Farms Project 

This proposed project would have produced 2,150 latslfd (oil 
equivalent) ofmetltatsol litel from peat. The Corporation issued a letter 
of intent to assist site project. I lowever, before committing tn provide 
financial assistance to the project. tlse Corporation agreed, as provided 
by Section 131(u) oftlse ESA, to provide tip to $820,000 covering half 
tire cost of refining the project coal estimate. Flse declining market 
price for methanol  and the inability  oft lse sponsors to meet the 6 sass-
cial conditions of the letter of intent led to cancellation of she project 
when only about halfof the available amount had been spent. 

D. The Letter of intent (LOl) Projects 
In 1084, Congress rescinded $7.2 billion of tire Corporation's ap-

propriated funds, leaving about $8 billion. At the time, sIte Corpora-
tion bad letters ofintent outstanding with eight projects, totalling $6.8 
billion. Congress stipulated that halfofany amount below $5.7 billion 
that is not committed to these projects is to be retttrnetl to the Trea. 
tarry. l'he sttssua of the eigh t 1.01 projects is sttmmarized below. 

I. The Great Plains Coal Gasification Project ($790 million 1.01) 

In 1003, weak energy prices led ilse sponsors oftltis project instant 
that witliotis fstrtlser assistance the project would he likely to default on 
tire outstanding $1.5-billion loan guaranteed by DOE. In 1984, the 
Corpora tion issued an letter of intent to provide price supports that 
wosild help the project repay I his loan a nil exam ntie operating. Subse-
quent review in 19115 indicated to ilse Board that a different assistance 
package, involving renegotiation of the outstanding loan in comlaina-
lion with Corporation assistance, eo,sltl provide better assurance of 
long-term operation of the project. The Corporation, DOE, and the 
project sponsors are negotiating assistance terms and expect to con-
clssde a final agreement in mid-1985. 

2. l'he Parachute Creek Phase II Shale Oil Project ($2.7 billion 1.01) 

This project would use four retorts to prodttce 42,000 hhl/d of 
shale oil. The letter of intent was conditional on further engineering 
and development oftlse technology, which has been delayed because of 
problems with the technology in the Phase I project. As a result of this 
delay and congressional deemplsasis of the national production goals 
in tire phase I program, the Corporation and sIte sponsor are seeking 
ways to resolve sIte uncertainties with tire technology its a much less 
costly project. 

3. The Cathedral Bluffs Shale Oil Put ject($2.2 billion 1.01) 
As proposed, this project would produce 14,100 bhl/d ofshale oil, 

17 percent alit using a modified in situ (MIS) process and she balance 
using surface retorting ofmined shale. The Corporation and sponsors 
are considering modifications to the project to find (lie most cost-
effective way to get experience with the MIS technology and perhaps 
with a different shovcgroond resorting technology. 

4. The Seep Ridge Shale Oil project ($45 million 1.01) 

This 1,100-htsl/d project would use an in sisti retorting technology 
applicable to near.sttrface oil shale. Since the letter of intent was cxc-
cttsed, the sponsors have refined their cost estimate and marketing 
plan and nowessimate that they need more than $100 millions in assist- 
ance, reflecting in part the lack of upgrading facilities or an adequate 
local market for the raw shale oil. The Corporation is seeking ways to

IV THE NA TIONAL SYNTHETIC FUELS 
PRODUCTION GOAL 

Is is thiejtsclgment ofthe Board, based on the analysis presented in 
appendix C and on she Board's general knowledge and experience, 
that tlse national anadLtcsion goal specified in the ESA cannot be ac-
eomplislted. Neither the time allowed nor the financial resources avail-
able to tire Corporation are adequate In accomplish the national pm-
duetion levels specified in the goal. Furtlteranore, it is the Board's 
judgment that any plan driven by the need to meet high levels ofpro-
dttcsion on a "crasis" basis, independent ofmarket conditions, would 
involve unacceptable costs and risks and would not be the best way to 
develop a strong, commercially viable synthetic fuels industry for the 
next century. 

Despite tlsejttdgment that the national production goal cannot be 
accomplished and should not he pursued, the Board intends to he as 
responsive as possible to the ESA's basic objectives and specific re-
quirements. Accordingly, in recognition ofthe ESA's directive that the 
Board adopt and submit directly to Congress a comprehensive strategy 
for accomplishing tire national production goal. the Corporation has 
analyzed in quantitative seems what would be required to put in place, 
as soon as possible, a production capability comparable to that speci-
fied in the goal.	 - 

Appendix C presents several scenarios for tire possible expansion 
of tire synthetic fttcls industry. The "production goal driven" scenario 
describes a "crash" effort to accomplish the national production goal. 
Conceivably, with a concerted national effort comparable to wartime 
mobilization, this scenario could be implemented. However, under 
current price as,el cost forecasts, the potential nh,l iga t intla I authority of 
Ise Corpora t ion—IOU billion, of wh ich only about $8 billion is 

rently funded and stneommittcd—wotsld not be atleqtisse to induce 
private investment oil site required scale. And logistical problems that
have no( been filly considered here, such as shortages ofskilled per, 
sons,el and industrial capacity and localized environmental still socio-
economic impacts, make it impossible, as a practical matter, to meet 
tire deadlines specified in site national production goal. 

More specifically, the analysis in appendix C of the production 
goal drivett scenario indicates  tlsa 

• The 1987 goal of 500,000 hhl/d cannot be achieved by any 
realistic plan, and certainly not with the finds currently
available to Use Corporation. Although some coal-liquid mix-
lose asid tar mind/heavy oil projects might be put in place 
quickly, few potential sites have beets identified aistl charac-
terized. Even ilennogh ofthese projects could be developed to 
produce 500,000 bbl/d by 1987. under current conditions, 
some $15 billioss to $25 billion in Corporation financial assis-
tance would be required to induce slse necessary private sec- 
tor investment. The only coal and shale projects that could 
contribute stsyslting to the 1987 goal are those already in or 
near operation, with or without Corporations assistance; these 
will cut yet he producing 100,000 bbl/d by tire end of 1987. 

improve the economics of the project, perhaps in coordination with 
other shale nil projects in the region. 

5. The Forest [fill Heavy Oil Project ($60 million 1.01) 

This project proposes to produce 1,750 lslsl/tI of heavy oil by an 
oxygen-blown fireflood method. ']'be Corporation is negotiating tn 
want a litsa ncial assistance agreement wit Ii il te sponsors. 

6. The Nnr q lscrn Peat Project ($365 million 1.01) 
This project proposes to produce 3,065 hhl/d (oil Equivalent) ofa 

clean-burning, solid file] from peat using a wet carbonization process. 
l'he sponsors were granted a delay for the purpose ofreevaluating the 
project's technology and finances. 

7. The Kentucky Tar Sand Project ($543 million 1.01) 

This project proposed to produce 5,000 bbl/d of hissimecs from a 
tar sand resource. The project has been withdrawn by its sponsors. 

8. The HOP Kern Heavy Oil Project ($100 million 1.01) 

This project proposed to produce 3,900 Wild oflseavy oil using a 
mine-assistctl in situ process. The project has been withdrawn by its 
sponsors. 
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Maximizing production by 1902 in pursuit of the 2',nillinn 
lshl/d g ' ial would require sinstiltaneotis invcatotct,ta in dozens 
ofnsttli ii,dlioit-clnllar coal and shale oil plants, in addition to 
ns;txitltttttt d''eltsment uicoal-Iiqttid nsixiures and tar sat,d/ 
heavy nil remit rces. ']'lie huge coal and oil sit a It Iflanoi, each 
totting $1 billion in $6 billion or more inas-spent dollars and 
each prod ''ci' ig 30,000.40,010 hIsi /d woti lii cii her use proven 
tecitiwiltigics 'viii, Iitiiiteil potential fir impruvenirnt or would 
try more ,els':, need technologies .,,Iran tie cia k ofprqect de. 
ays, costly fixes, or worse. It is unlikely chat construction of 

more than  to 10 such plants could be undertaken and com-
pleted by I q92, whereas about 30 would be required to accom-
plish tile goal. 

The i iwest n,cn I req ti i red Input in place it national production 
capability of 2 million hhl/d would be on the orderof$100 bib 
i'm in constant 1985 dollars (or $160 billion in as-spen( dol-

lars), almost none of which ss'oitld he fortitcomittg From the 
private sector under current conditions   without Corporation 
financial assistance. Experience indicates that the Corpora' 
inn mist use several dollars ofi is otsl igat ion al alit hority to in. 

dttce the private sector in invest one dollar its a synthetic Fuel 
project, because the Corporation dollars (usually in the form 
tufprice guarantees) are paid only years in the future, must he 
adequate to protect against unlikely price declines, anti cots-  
tribute to the project's taxable income. Therefore, it would re- 
quire $150 billion to $200 billion in Corporation ohligatiotsal 
authority to induce private investment sufficient to accom-
plish national production levels comparable to (hose specified 
in the national production goal; and even this touch assis-
tance would not induce the investment in time to meet Itt 
1992 dead lint of Ike goal. (It must he noted that a dollar of 
Corporation obligations] authority results its actual subsidies 
with an econnmie value far less than a dollar; see section VI .0 
below.) 

Other scenarios, differing in details from tite production goal 
driven scenario analyzed in appendix C, could be developed to de-
scribe how a national production level ON million bhl/d might be Pitt 
in place on a crash basis. [however, no scenario would allow the goal to 
be achieved within die applicable time and financial limitations. Any 
scenario driven by the objective of putting in place a large synthetic 
fuels production capacity at soon at possible, without regard to tech' 
nologieal or market realities, would have to involve the simultaneous 
investment in dozens ofelstplicative projects using unproven and/or 
unimproved technology. The Board'ijudgment is that any such plan 
would involve unacceptable costs and risks and would not be the beat 
way to develop a strong, commercially viable synthetic fuels industry 
for the next century. Therefore, the Board recommends that the na-
tional production goal not be maintained as the objective of the na-
tional synthetic fuels program, even with relaxed deadlines and in-
creased f

i
nancial resources. 

Appendix C, in addition to describing the large costs and risks in-
volved in any program seeking to accomplish the national production 
goal, outlines a more moderate approach to developing a national syn-
thetic fuels industry, This "market driven scenario" assumes that the 
Corporation's Phase I program is implemented in a direly fashion and 
that the market develops in a way that encourages the private sector to 
continue technology development and to undertake significant com-
mercial investment in the 1990s and beyond. This scenario is in no 
senses prediction of-what svill or should happen, since there is noguar-
antee that Use marker will develop as assumed. However, the scenario 
does indicate that a modest program of pioneer plants begun now can 
Jay groundwork for the prudent development of a private sector indus. 
try, and that this industry could be producing several million barrels 
per day ofsyotlsetic fuels in the early decades of the next century. 

V IMPLICATIONS FOR THE NATIONAL 
SYNTHETIC FUELS PROGRAM 

This section summarizes the Board's views concerning the otit-
look for the synthetic fuels industry, the rationale for continuing a na-
tional effort to develop a synthetic fuels capability, and the types of 
projects now appropriate for doing so. It also discusses the recom-
mended approach for the next several years of the national synthetic 
fuels program.

A. The Outlook for the Synthetic Fuels Industry 

The implications ofthe energy market and synthetic fuels develop. 
nscuts osol i neth above can be su ntt,sa riactl as Follows: 

• Synthetic fuels will not be a large-scale, economical alterna' 
ye to conventions) oil and gas for a ticeatle or "sore. Coal and 

oil shale plains based ots current te ' :lt nolog y simply cannot 
I trod ice liquid  fuels or pipeline gas at coats competitive with 
csurrent prices. However, much oft lie experience necessary to 
reduce the risk of producing liquids  a ml pipeline gas can be 
ohstaitied by producing industrial fuel gas or electric power, 
wi,icls can lie more economical in the near term. Synthetic 
fuels from tar sands and heavy oil may Ise more competitive 
an wort1t pursuing as a nea r-terin option, a Ii tough these re-
sources do not provide the same potential as large-scale alter. 
native sources offtuel in the long run. 

• Before the synthetic fuels industry can expand efficiently, 
wish minimum technical risk and in an environmentally ac-
ceptalile osaniser, is must have extensive experience design-
iisg, building, and operating pioneer plants engaged in corn-
nsereial production. Only such experience ca's confirm 
anti/or correct the many engineering factors tisat arc extrapo-
Iii ted or estimated when pilot plant rceulls are used to scale up 
and integrate equipment and systems. It will take 10 years or 
more in develop this experience adequately. 

• The pioneer projects needed by the industry and the Nation 
are inherently more risky anti less cost competitive than later 
projects that can iscorporate lessons learned and can pru-
dently be large enough to capture economies of scale. The 

• risks ofgning first, the likelihood that subsequent plants will 
be more economical, and current market conditions are dis-
couraging private firms from undertaking the pioneer plants 
that can reduce risks and costs for the industry and the Nation 
as a whole, 

• Under current and anticipated conditions, it would be very 
costly to force the production ofaynthetie fuels on a large scale 
in the near fttture, and there is little reason to try to do so. Ccc' 
dog a few good pioneer projects designed, constructed, and 
operated will he a challenge, because so few potential spon' 
mrs have the capability, the resources, and the strategic inter' 
es( to undertake such projects, even with assistance from die 
Corporation. 

These considerations lead the Board to the following: 

Conclusion Two: The Nation will not have a viable synthetic fuels 
option tintil a's extensive base of data is available to support the 
technical, financial, environmental, and regulatory decisions that 
will have to Ise made in any expansion of the industry. It will 
take a decadent more ofexperience with a variety ofevolving tech-
nologies todevelop the needed data, nsuels ofwhich can only come 
from the design, construction, and long-term operation ofpiooeer 
projects using full-scale equipment. Pilot plants and short-term 
operation cannot es,alslish the engineering scaleup actors or pro. 
title the actual cost and performance data needed to reduce the 
risks ofdeveloping a large industry quickly. 

Conclusion Three: Under current technological and market con-
ditions, the expected private return on investments in synthetic 
fuels is inadequate to induce the private sector to undertake pio-
neer projects on its own. 'I'lsere are a limited numberoffirms with 
the resources, capability, and strategic interests necessary to 
make a pioneerproject attractive, even with Government Government financial 
assistance. Government most maintain a cooperative relationship
with industry ifs timely, cost-effective, and environmentally ac-
ceptable program of piotseer projects is to se developed. 

B. An Economic Rationale for a National Synthetic 
Fuels Program 
The basic rationale for using governmental authorities and tax-

payers' money to encourage private investment in synthetic fuels proj- 
ects is that such projects will yield benefits to tile Nation beyond those 
that are capture(] by the projects' investors. These external or social 
benefits are ofseveral possible types: the economic and national secu-
rity benefits ofthecreased reliance on fnrcig,s oil supplies; the possibility 
that its the near ftttttrc world oil prices may be lower ifthte Nation has a 
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cresliittt tottg-trrni Synthetic fuels option; and the ability to increase C. Cost-Effective Projects under Current Conditions 
synthetic fits-is 	 trod tic tin,t more quickly and much more economically
wi ten sisal if t tsccotncs desirable to do so. in order to get piOfleec synthetic fuda projects hsitlt and operated 

Under cit rcnst conditions its 	 lie world nil iii ai rket, them is no tinder en rretst conditions, the Corporation will have to provide ii nan-
Strong argttttlsst t for producing large q taut it ira iii expensive synthetic cial assistance that results in actual public outlays. Loan or price gtta r-

ucLa ' tow, tsrcattse these won[ ( ] simply displace e troller flat oral fuels. antees that are merely insurance against unlikely  technological or 

I lowever, impolving tile abili t y to expand aylt Ito ic 11w Ia Production market developments will not be enough. Analyses oft the type the' 

to a Is i-ge sca l e cats provitte ecottrsmic lsetsrhits to t lie Nation in two scrihed in tile previous section indicate that t lie national econo,n Ic 
ways- by providing an insurance policy that will pay oil in tlse event 

Nat ion wants a large synthetic fuels production aroutad cIte turn of the

benefits can easily exceed be real costs critic needed subsidies. How- 
ever, such analyses provide lithe help in deciding what kinds ofpiooeer 

lie century, and by helping to moderate Intom and cttrretst oil prices Plants. in what cosssbinat ions, can yield benefits at tlse least cost to the 
by stenionstra ti ttg that pI oat ifu I synthe t ic fuels will soon he an ecotsona- 'fo Nan on.	 assure t list tile subsidies are used in a coal-effective ns;sn-
ical altertsati-c to cotaventiottal fuels. Appendix If presents sonic rotsgla OCT, it is necessary to consider tlse specifics offirciects in detail. 
estimates oftlte magnitude oftitese potential benefits. The uatscepts in- Tlte Board, in its Statement ofOlajectives and Principles adopted 
-tslved can be ilisistrated with the examples laclow. inJanuary 1985, outlined what it means by a "cost-effective' project. 

The elfcrt ofa distant synthetic furls option on world oil prices in Section IT LA of the Statement says (see appendix A): 

(lie near ftttttre is highly j ttdgtascntal, because it depends ots assump- Each project assisted must make a cost-effective contri-
dons ahsoiti	 tie perceptions, expectations, anti reactions of OPEC ht,tion to the Corporation's program by: 
members;intl mIter oil producers, but tlse economic value oisttclt an ef- I. Adding significant new knowledge and experience 
feet could he sttbstantial. For example, suppose that a program ofpio' about a nationally important syitfitela option, with tio 
neer projects undertaken tsow peisitades owners of low-cost oil Fe- 

It	 fus tt Fe value of their oil - ill Ile less than they had source, t	 at tIc
more duplication than necessary to provide efficient 

previously tliottghst. Ass result, they decide to Put more oil on use mar'
amounts ofitisorance and competition 

2 . Assuring that the knowledge and experience gener' 
ket nose Suppose further tlsat this reduces current oil prices only 25 a tdl will be generally available to help subsequent
cents per barrel, with the price reduction increasing to 50 cents (all (11)1' jarojecta by oilier sponsors 
lar amounts in	 983 dollars sinless otherwise indicated) per barrel in 3. Being no larger or more costly than necessary  
tlse year 2010 Given current sod anticipated levels ofoil imports (al- 4. Having the best possible financial terms for the Con, 
most 2 billion barrels per year now, growing to abottt 2.3 billion to 3 poration, including equitable sharing of profits from 
billio.s barrels per year by the end of the century), the present dis- favorable events. 
counted va Inc oft Ite savings in the nil import bill would be about $8 
billion. This illustrative calculation tines	 tot attrilis,ie any Isenefit to Since adopting these general guidelines, the Board has developed 

price resis,elio,ts on domes t ically produced energy, since slseae prier re- more specific ideas about how to identify, develop, and assist the kinds 
elstctinns merely redistribute income within the United States; it also ofprojects that can lie (vast effective in the ahove sense. In particular, it 
cakes no credit for reductions its 	 the oil price paid	 fly other oil- is Else Board's current hew that: 	 - 
importing nations or the real savings resulting fro,ts lower production •	 Ile Phase I Business Plan approach to program planning, 
of costly domestic energy. based on identifying the most significant resources and as-

The secotsil external benefit associated with improved capability auring that the Nation has the technological capability to pro-
to expand synthetic fuels production is the positive economic value of cess them, is bath logical and workable. By helping to focus 
producing synthetic fuels earhicrand at lower costs when market prices the Corporation's resources on the resoorce/teclsnolngy corn-
do make production economical. [foil prices increase as siaaitmed in lainasions having the most potential, the Business Plan's ap-
ulte Corporatiots's mcslia,s oil price scenario, it is unlikely tlsat aignifi- proach facilitates soliciting, identifying, developing, and as-
cant synthetic fttcls Production will occur in the f,tresecalsle future slating a cost-effective set or projects.  
based on current knowledge without extensive Government assistance.

•	 Projects large enough to lake fill advantage of economies of 
However, if the Corporation assists a few pioneer plants, die Private scale (e.g., coal or oil shale processing plants producing 
sector might then be able to build larger, less risky second and third 30,000-50,11100 bhh/d in multiple trains) will require signifi-
generation plants having stnit costs in the range (for most projects) of cant amoutstsofassistanceon a per-barrel basis and might re-
$40.$50 per barrel. In die Corporation's median oil price scenario, quires total assistance olseveral billion dollars. Whetlser, in 
these later plains wotild lie profitable for the private sector in she 1993 any particular case, undertaking a project ofthis size is cont. 
to 2005 time period. lfa 2-million-hhl/tl synthetic fuels industry is its effective depends no how much can he learned only with such 
place by 2015, producing fuel at costs below the market price, the dis- a large project, how much more more is coats, and how soon lie in-
counted present value of the cost savings from this production would dttstry is likely to want to proceed to projects of this size. 
he $3 billion to $5 billion on thae Corporation's median price scenario. S	 Projects that do not attempt to captttre fttll economies ofscale 
lfprices increased more rapidly, she cost savings would hsegreater; ap- but use equipment Oral size likely to he used in the next gems, 
pendix II estimates savings of$14 billion to $18 billion in a high price anion nflarger, multiple-train plants can provide much ofulse 
scenario. 

The two types of economic benefits discussed above are largely
knowledge and experience the Nation needs regarding inno- 
vative processing technologies. Properly designed and It. 

additive—a program ofpionecr plants can both reduce world oil prices nanced, such projects can operate long enough to identify and 
in the near ftturc and make the production ofaynilsetic fuels less costly solve problems, demonstrate equipment reliability, and incor- 
n else long ran. The illststrative estimates above, whirls are based on it, porate evolutionary improvements in technology. The total 

analysis in appendix II, indicate that the economic benefits from assistance necessary to make such projects interesting to 
both sources could easily total $11 billion to $13 lsillion (discounted

 
sponsors can be less than those for the larger projects, espe- 

present value), and could hmuchmuchmore ifoil prices increase more than cially since sponsors may he willing to invest in such projects 
generally expected. at least partly for the learning. However, the per-barrel assis- 

Since the cost ofa Phase I program is estimated to be $2 billion to tance may he larger for projects that do not capture full econo- 
$3 billion (discounted present value), such a program appears to he mies of scale. Coal gasification in the chemical and power 
well worthwhile in ecotiomic terms, yielding net economic benefits of generation industries, using technology that can also produce  
$8 billion to $11 billion even in the median oil price scenario. Other synthesis gas suitable for making liquid fuels or pipeline gas, 
benefits, such as enitancerl energy security, fewer costly mistakes ifs (0 offer particularly attractive near-term opportssni- 
synthetic fuels industry must 1st deveolped on a crash basis, and the ties for cost-effective projects or (his size. ties 
economic valise ofa strong domestic industry, have not been qtianti' •	 For some important resource/technology combinations, par' 
fled here but are also substantial. tictilarly involving shale nil, (lie principal economies ofscale 

are not in she basic conversion tcclsnologies that need devel-
opment but in relatively standard secondary processes such 
as mining or product upgrading. In sticls cases, a project large 
ennttgbs to provide needed experience with the basic techsnol-
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ogy may be too sin all to m eet pora I  the stoorld a ry processes 
ecoutornically. Such eases nitist he exarrtitsetl carefully to tic- 
let Ini t ic how licit Its provide the needed experience its the most 
cets l-clThcl it'e way. 
For tite Nations syittitetic lids capability to be maintained 
and inprovctl, all ittilasurticltire olpeople anti organizations 
rssttst rcosain acute ii, the private sector. Projects lsegtro now 
lutist operate fir sonic years and follow-ott projects tis,tst be 
undertaker, later. Each reitsttrce/tecltrtology cotnisinatiots 
anti tacit project must be examined in determine rise nsost 
coat-c flècnvc way to obtain and '0 apply the experience 
seeded, taking into account the status of the tcchrsttlngy, tire 
likely rate III improvement, and the time scale no Much it is 
likely In lie needcd. 
The Corporation has round that combining a loan guarantee 
with ' rice gitaralttecs, with recapture of jsrice guarantee pay' 
nseul a in Future years, is usually the most died ice way l a pi n -
Vide Ii nausc a I ass isist ice to proj ects. Because puce guaran-
tees are paid out years in tlie future, must be significantly 
higher than expected market prices to provide tire required 
sit Its itly, aisil coin. ilsate to taxable itctsune, I lie (lire ainnuruit (if 
si tel ass is's see agreetneous is oftets very high—usually more 
titan the capital cost of die project. -However, the real ten-
ions ic cost to cite taxpayers, calculated by discounting  tie 
payments fuse inflation and the time value of money, is rosrels 
less. (Corporation experiencevith financial assistance instru-
ments and analysis ofsome possible alternatives are stimma-
rized in appendices E and I.) 

D. The Recommended Objective, Schedule, and Strategy 

The rationale for a synthetic Itiels program and the nature oftbe 
projects appropriate undercurrent conditions suggest that the national 
synthetic fuels program should he based on ats objective, schedule, and 
strategy such as the following: 

• The objective of the national synthetic fuels program should 
be to establish, in a cost-effective way, a base of commercial 
knowledge and experience that will allow site privatesector to 
expand synthetic fuels production efficiently anti cleanly, 
with minimum technical risk, when anti iftnsrket or national 
security considerations make such expansion appropriate. 

• The schedule for accomplishing this objective should be flexi- 
isie enough to respond to changes in the market. It should re-
flect the time required to obtain design, construction, and op- 
crating experience with the different synthetic fuels resources 
and technologies. Under current conditions, there is little rea- 
son to rush btst good reason to continue making progress to-
ward the longer term objective. 

is The strategy should be a phased, adaptive one, in which re-
stilts and events are analyzed before decisions are made about 
whether, how, and when to continue. In the near future, indi-
vidual projects and the overall prograns slsottlel he designed tt 
provide, in a cost-effective way, knowledge to inform lauerde-
cisioos. 

With some modifications, the ESA provides a logical and effective 
mechanism for implementing a program based on the foregoing objec-
tive, schedule, and strategy. The ESA outlined a two-phase program. 
In 

p
hase I, the Corporation is to emphasize diversity iii resources anti 

tech nology to determine which syo bet ie fs,els options hold dic most 
promise. The Corporation is then to propose a comprehensive strategy 
for accomplishing the national production goal, describing the re- 
sources and technologies to he used, and detailing tile investment pro-
gram required. Wlieis Congress approves the comprehensive strategy, 
Phase II is to begin, with emphasis on large-scale production to ac-
consplis!s the national production goal. 

It is now clear that, if there is ever a Phase II, it will not begin in 
the 1984-1085 timeframe specified in the ESA and will probably he dif-
ferent from ss'bat was contemplated in (lie ESA. Whether a massive in. 
vestment program will ever be appropriate and, ifso, whether and how 
it should be stimulated by Government policies are matters list 
should he decide(] in the future, when more is known about world en-
ergy conditions and the needs of the synthetic fuels industry. For now, 
the job it to implement a sound, cost-effective 

p
hase I program, But 

with changes in timing and the opportunity to redefine, after Phase I 
has been implemented, what should he done in Phase II, the two-

phased approach of the ESA remains sensible and workable. 

These considerations It-ad the Board to the following conclusion 

Conclusion Four: The basic structure of the Energy Security Act 
(ESA) provides a sound and logical basis for ins I sletnetsti ng a syn-
her ic fuels program. 'list ESA prov tInt for aninitial    phase (re- 

ferred to here as Plane I) in wit ich the Corporation is to assist 
projects using diverse resources and technologies to learn how 
best to expand nat ion's I synthetic fttels production when it is a-
propriate to do so. The ESA also provktes for a Phase Ii, winch 
would begin only when Congress approves a eousspreliensive strat-
egy and which will emphasize development of a large national 
production capacity. If any decisions altotut whet her, when, sod 
ltow to proceed to Phase II are made only after Phase I has been 
implemented, this phased approach is a, valid today as in 1980. 

Accordingly, site Bonnd makes the following recomnsendations: 

Recommendation One: The national synthetic fuels program 
should Ise continued tinder the provisions oft he Energy Security 
Act, as modified by the Continuing Appropriations Act, 1985 
(Public Law 98473, October 12, 1981), without regard to lie 
elates specified for aubnsission of a comprehensive strategy or for 
accomplishing specific national production levels, 

Recommendation Two: Upon completionofPlsase I but no later 
hats the cod of 1988, tlte Board should submit to Congress a Sec- 

and Comprehensive Strategy Report describing progress to dale, 
addressing when and how the Corporation's involvement should 
se limited and itltitnatehy terminated (as provided in Section 
126(b)(3)(C) ofthe ESA), and recommending whetherand how to 
proceed with (lie program, 

The Board expects to be aisle to recommend in a Second Compre-
hsetssive Strategy Report that Government involvement in synthetic 
fsteia development be greatly reduced or eliminated, leaving further de-
velopment of the industry to the private sector. However, the uncer'-
tairsties are too great to say now what should be done in several years, 
so the Board recommends that the situation be reassessed at that time. 
This approach gives Congress the flexibility and control it needs to 
adapt the national synthetic fuels program to evolving conditions, 
while giving the Corporation the continuity and independence it needs 
to implement a cost-effective l5lsase I program in partnership with 
industry. 

VI, IMPLEMENTING THE PHASE I 
BUSINESS PLAN 

The Phase I Business Plan adopted by the Board in February 
1985 (appendix B) identified specific combinations of resources and 
technologies that are of priority interest in the Phase I program. The 
Board has since been reviewing the status of technology and ofpoten- 
tial projects to determine more specifically what kinds of projects 
might be lsotls cost effective for the Corporation and attractive to pri-
vate sponsors, and how much it might cost to develop such projects in 
partnership with industry. industry. Tisis section presents the Board's current 
views on the approach and content of the Plan, ott tltestasusofprqjects 
being considered antler the Plan, and on the likely cont of imple-
menting the Plan. 

A. The Approach of the Phase I Business Plan 

In developing the Phase I Business Plan, the Board first identified 
the categories and subcategories of synthetic fuels resources that are 
potentially ofgreatest significance to the Nation. 'Then the status of 
technologies for converting these resources into substitutes for oil and 
natural gas was reviewed. Those technologies determined to be most 
promising for Cite most significant resources were assigned prioritysta-
stus. Technologies and resosurcesjudged capable ofcontriIstttiog to na-
tional capability its a more limited way were given a secondary priority 
status. Technologies were not included in the Plan iftisey had little po-
tential, were lacing adequately developed by the private sectornrotuser 
Government programs, or were too far front commercial application. 
AppendixJ outlines the facts and rationale used by she Board in mak-
ing the judgments about priorities in the Phase I Business Plan. 

'l'hrottgis this process, the Board identified priority technologies 
for the synthetic fuels resources specified in rite ESA—ctial, oil aisle, 
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atitl tar sands/ heavy tail, llec:tt,ac of the critical nature of the coal Fe. 
source a ml tire wide variation its its processing characteristics, more 
projects were ticicrnsiutcd to he necessary in coal titan its shale Or tar 
sit tids/iteavy oil. I lowcver, ..per it ion for t he (lerporat ion's limited 
financial   'cant I rcca osay prccltt. Ic assisting projects itt all oft itt priority 
coal catcgorics. 

On the basis outs experience to elate, the Board is convinced that 
the approach and exxttcnt of itt Ii last I business I'bn art logical and r 
propriale tinder ciirrctst ottsrlitiotts, 'i'ltcucGire, Ott Bixitil has elitists to 

Recominettilation Tltree: The Corporation should Iii cons dccc cite 
Pit ase I Itt si seas Plait adopted by tie Board. Ii ,s,ier this Plan, the 
Board intends to assist a portfolio ofsynthetic lucia projects that, 
individually and in total, will cost no more than necessar y to give 
the Natiots cite experience it needs in scaling tip from pilot plants 
to cnmsnercial production using the moat promising resources and 
technologies. 

B. The Status of Implementation of the Phase I 
Business Plan 

Tire current status of project development in cacti resource/ 
technology category in the Phase I Business Plan is outlined below. 
Projects already assisted by DOE or the Corporation are included for 
completeness. Where no project is now under way, ass example de- 
sired project" is described as illustration. In many cases, these are de-
scriptions ofspecific projects before the Corporation or expected to he 
proposed. The mention ofany project, explicitly or implicitly, does not 
mean tisar cite Board has decided to assist that project, tfiat competing 
projects will not he sought, or that agreement has yet been reached be' 
(wen the Corporation and sponsors regarding (lie project coisfigura' 
tion or aasistatsce level. 

I. Priority Coal Technologies 

• Fixed-Bed Gasification, Dry Bottom, High Pressstre 

Project underway; Great Plains—l.urgi gasification ofNorth 
Dakota lignite to produce 23,000 bhl/d (crude oil equivalent) 
of synthetic natural gas. 

Status: The Great Plains plant is complete, in operation, and 
approximately on schedule. An improved emissiots control 
system is needed and is tinder study. 'rise Corporation, DOE, 
and site sponsors are negotiating an assistance sgreenseni to 
ensure that the project operates long enough to provide 
knowledge and experience with rite innovative technology in 
this project. 

• Fixed-tied Gasification, Slagging Bottom, High Pressttre 
Example desired project: Gasification of high-rank bitumi' 
nosts coal; plant should be minimum size necessary to demon-
strate commercial-scale process. 
Status: The Corporation has issued a solicitation fora project 
of site desired type. Preliminary discussions have beets held 
wills a utility engaged in a feasibility study ofa 180'nsegawatt 
(mw) comhined .cycle power plant using this gasification 
technology. 

• Flitielized-Bed Gasification, High Pressure 
Example desired project: Gasification of high-rank hisitmi' 
nous coal; plant should he minimum size necessary to demon' 
asrate commercial-scale process in extended operation, to 
minimize risk ofscaleup from small pilot plant. 
Status: A catsdidate project has been proposed underact exist-
ing solicitation; discussions are exploring ways to reduce proj' 
ect use and technical riska. 

• Entrained-Solids Gasification, Slurry Feed, High Pressure 
Project under way: Cool %%'aser—gasification ofisigh-rstsk hi' 
tumioous coal to produce 4,300 isisl/d (oil equivalent) of 
med iuns'iis u gas to operate a II O'mw utility combined—cycle 
power plan(. 
Status: The Cool Water plant is complete, operating at ca-
pacity, and producing approximately 90 now of power; it is 
ready for extended operation to demonstrate plan( reliability 
and eqtsipsnent life.

Project tinder way: Dow Syisgas—gasificiscion of low-rank 
western coal so produce 5,170 dii / ci (cisc) of mcdiii tn-itt u in' 
etuatrial fuel gas. 
Status: A pilot plant is operating; the commercial plant is ex-
pected its be completed in 1987, 

•	 Entrained-Solids Gasification, Dry Feed, High iressttre 

Example desired project: Gasiiscat on oihigh-rank bit it ni 
nous coal; plant should he ,minimtsni size necessary todcnson. 
strate commercial-scale proress, to minimize risk ofscaieup 
from pilot plant. 
Status: A candidate project has been proposed tinder a Cor-
poration solicitation; others are unties' discussion. 

2. Priority Shale Oil Technologies 
• Undergrotsncl Mining/Surface Retorting ofWeasern Shale 

l 5roject tinder way: Parachute Creek Phase I, using the Union 
II technology in a single I0,400-hisl,'d retort, with raw shale 
oil upgrading. 

Status: The project has been constructed but has encotsotered 
diff

i
culties its the pent-,hale disposal section of the plant; 

discussions are underway toexplore (amoogotherthings) the 
addition ofa carbon-burning system to the project. 

Example desired project: Mining and surface-retorting proj-
ect using retort capable of handling shale fines and/or burn-
ing carbon on tise retorted shale; the project should be mini-
morn size necessary to demonstrate the commercial-scale 
Process. 
Status: The Corporation is interested in proposals but is tak-
icsg no action to solicit them, pending the outcome ol'diseus. 
sioos with Cathedral Bluffs and Parachute Creek, 

• Modified In Situ (MIS) Recovery of Western Shale 

Example desired project: Project involving the minimum 
commercial-scale MIS retorts necessary to demonstrate the 
commercial process; surface retorting would be desirable ifis 
demonstrates carbon burning and/or fines handling without 
adding unreasonably to required assistance, 

Status: Discussions are under way with Cathedral Bluffs to 
explore modifying the project that has a letter ofintent, to re-
three mining and surface retorting, and to use an acceptable 
surface-retorting technology. 

3. Priority Tar Sand/Heavy Oil Technologies 

Projects producing synthetic fitels from tar sands and (qualifying) 
heavy oil resources have a high priority under else Phase I Business
Plan. However, such projects must be examined carefully in eacis case 
to assure that they qualify for Corporation assistance under the FSA 
and will provide the learning and experience the Board is seeking in 
Phase I projects. Accordingly, it is not possible to provide a list ofde' 
sired project types. Tire Board is seeking projects using resources typi-
cal ofrelatively large deposits, where the Corporation's assissaneeis re-
qttired to characterize the resource and demonstrate the technologies. 
A letterof intent is outstanding with one project, and a solicitation for 
additional projects has been issued, 

4. Secondary Priority Reaossrce/Techsnology Combinations 

The Phase I Business Plan lists several resource/technology com-
binations as secondary priority. This means that strong projects that 
are tinder consideration or that may come to the Board's attention will 
be considered in Phase I within the limits offttnding availability, but 
that tire Board does not intend to solicitor develop actively projects in 
these areas. Example projects in this secondary priority category ate 
described below. 

Example project: A project involving surface mining and retorting 
ofeastern oil shale, using a retort technology applicable to westerns 
shale; project should be the minimum size necessary to demon-
strate commercial process. 

Status: Several projects have been proposed; one is still active. 

Example project: A project producing synthetic fuel from peat, 
promising to overcome somcofpeas's inherent disadvantages as a 
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syttt bet it: tel resource. 
St at us: Cute project has a let ter oil otcust frotu I lie. Qirpot at ion, but 
that prn j rt:t is currently ti-assessing technology tnd ecutiottties. 

Example. tic project: A project using true in sill processing of flea N 
surface test tern oil shale. 

Status: O ne project has a letter of intent; disc. ttssions with tic 
sponsors are tinder way. 

Example project: A direct hydrogenation project, producing term-
cry feedstock by the hydrogenation nt coal or ct,al .derit'ed inter' 
mediates (i.e., tar or extract). 

Sta IsIs: Pt i-I iii nfl ry discussions have been held with Several 
cr11 ml 515,111 bra. 

Example project: A coal-water fuel project oft lie minimum size 
necessary to demonstrate production of fuel nI's quality and cost 
attractive to potential electric utility users; it must demonstrate 
that the project would not compete with unsubsidized producers 
of such fuels. 
Status: l'lic Corporation has suspeistleel project selection under its 
solicitation, pending Board review oftlte stattit olanch competition 
in the industry. 

C Estimated Cost of Implementing the Phase I 
Program 
The Phase I Business Plan is being implemented, with several pri-

ority projects undereentract anti proceeding stuccessftslly. However, at 
tIns stage, other projects are at an early stage ofdevelopntent or arc in 
negotiation. For projects Plot yet tinder contract, it is not possible toes- 
timate with much accuracy how much Corporation financial assis-
tance may be required lot any project or for the overall program. 
Therefore, the following table presents estimates, in broad ranges for 
cacti resource category, of the obligational authority necessary to im-
plement the Phase I Business Plan. ('The high and low ends of the 
ranges do not add tip to the totals, because it is unlikely that the ex-
tremes would be reached in all categories.) 

In interpreting the amounts in the table, it must be noted that the 
expected budget outlays andthe real subsidies implied by Corporation 
assistance are usually much less than she obligational authority com-
mitted. Taking into account the likelihood ofacttsal outlays, file pmha-
bihity of repayment ofloans and price support payments, and the time 
value of money, the real economic cost of Corporation assistance is 
usually only a fraction—typically 30 to 50 percent--of theobligational 
authority committed. For example, the Corporation estimates that 
new commitments of$7,8 billion in obligstional authority would imply 
total outlays with an expected discounted value ofless tlsats $3 billion 
(1985 dollars). Nonetheless, because maximum obligational authority 

ESTIMATED "COST" OF IMPLEMENTING THE 
PHASE I BUSINESS PLAN 

RESOURCE CATEGORY OBLIGATIONAL AUTHORITY 
NEW COMMITMENTS

LOW	 HIGH 
Priority Coal Technologies $3,000 million	 $4,000 million 

(including Great Plains) 
Priority Oil Shale Technologies 2,300 million	 3,000 million 
Priority Tar Sand/Heavy 

Oil Technologies 200 million	 500 million 
Secondary Priority 

and/or Advanced Systems 0 million	 800 million 
Total New Commitments $5,400 million to $7.800 million 

EXISTING COMMITMENTS
Cool Water Coal Gasification Project S	 120 million 
Dow Syngas Coal Gasification Project 620 million 
Parachute Creek Phase I Oil Shale Project 400 million 

Total Existing Commitments $1,140 million 
TOTAL OBLIGATIONAL AUTHORITY $6,540 million to 58.940 million

is specified in each contract and is the primary limit on the Carrara. 
ion's ability to assist projects, file table Isel sw uses olaligat ions I at-
tltttrity as the measure of program 

The range of Phase I program costs above is nt,tcls less than the 
costs contemplatetl its the ESA in nominal dollar terms and, because of 
lie 30 to 10 percetit inflation since 1980, espe ially in the co,tstant eli1. 

be terms. Although these estimates are highly uncertain and can he 
expected to change as proje ' :ts are more fully clefined, the Board is con-
fitlent airline following: 

Cooclusion Five: It is neither possible t.or necessary to predict 
if ... v the ultimate cost, scale, and liming of the Nation's synthetic 
fuels industry. However, the appropriated funds currently avail-
able to the Corporation (approximately $8 billion) appear ade-
quate to implement a Phase I prograot that will take the Nation a 
long way toward tite objective of having a viable synthetic fuels 
optinti in tile late 1990s. 

Accordingly, the Board recommends: 

Recommendation Four: The Corporation's appropriation for as- 
Sitting synthetic fitels projects should be maintained at its current 
level until the Corporation is able to provide a more accurate esti-
mate of what will be required to implement (he phase I Business 
Plan,

VII. CONCLUSIONS 

Tue Board of Directors of the U.S. Synthetic Fuels Corporation is 
committed todeveloping the national base ofexperience with the eons-
mercial production ofsynshesicfuels, and is convinced that the Phase I 
Business Plan provides a sound basis on which to proceed. A limited 
program ofthuis type can yield substantial dividends to the Nation in 
bosh national security and economic terms. Accordingly, the Board 
reconsmends that the Phase I Business Plan be implemented with the 
resources currently available to the Corporation. 

The Board will report to Congress, upon completion of Phase I 
but no later than the end of 1988, concerning termination oftheCocpo-
ration and with any recommendations the Board may then have for the 
continued development are viable, private sector synthetic fuels option 
for the Nation. The Board expects to be able to recommend at that 
time that Government involvement be terminated or greatly reduced, 
leaving further development of tise synthetic fuels industry to the pri-
vate sector. However, in light oftlse uncertainties about the future of 
energy in general and synthetic fuels in particular, Congress and the 
Corporation need to maintain the flexibility to respond to events and 
developments as they occur. 

Its implementing [lie Phase I Business Plan, the Corporation will 
continue to ensure that projects are monitored and administered pro' 
dently and efficiently, and that the information and knowledge genes" 
ate.d by the program are available to foster development of a viable, 
competitive, and environmentally acceptable industry. The Corpora' 
lion will also continue working with the Department ofDefense to as-
sure coordination oftite national synthetic fuels program with the fuel 
needs of Itte military. Appendix K describes (lie cooperative efforts of 
the Corporation and DOD toward titisend. 

The Board is convinced that, with leadership from the Corpora-
tion, time, and a cooperative relationship between the public and the 
private sectors, the Nation can realize tIle basic purposes that Con-
gress intended when it passed the ESA in 1980. The Board looks for, 
word to continuing to work with Congress on this important national 
program. 
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APPENDIX 

:stued: June 24. 1945 

United States S ynthetic Fuels corporation

Solicitation for Protects to Produce Synthetic Fuels

by Minion and Surface Process ing Tar Sands 

leTe00l'i0N	 - 

no United States Synthetic Fuels Corporation (tse conoretion') is 

soliciting proposals for synthetic fuel Projects to be assisted under Title I 

Part 0 of the Energy Security Act (the -Act-).'/Any financial assistance 

provided as-i result of this Solicitation will he in the form of either 

Price Guarantee. a Loan Guarantee or a Combination Loin Guarantee and Price 

Guarantee. 

Under this Solicitation, the Corporation will consider requests for financial 

assistance from Sponsors of Projects to produce Synthetic Fuel Product by 

mining end surface processing tar sands	 To be considered sander this 

Solicitation, a Project	 at	 at the requirements at forth in Section I 

herein. The corporation will Lutes, whether iuch e Project is sound as an 

Industrial undertaking and hai the Potential for making a cost effective 

contribution to the Corporation • s program. In order to allow the corporation 

to make such an ausesS
p
ent. the Project S ponsori 51 will be required to submit 

to the Corporation a Project Pr000ua I that provides Crehens lie data 

pertaining to the Project and the Sponsor( s). to particular. the Sponsor(s) 

will Of required to dnitrate a Level It Project design and oruvioe a Level 

II Project Cost Estimate that corresponds to the Level (I den ign. Evaluation 

Of a Project Proposal will be on the basis of Progr.ttc and Evaluation 

Criteria. Such Criteria uubsi. to substance, for the purpose of evaluating 

Project, the Statement of Objectives and Principles. ado pted by the bard 

Of Directors on January 55, lieS (SO Fed. eeg. 5423. publ 'shed on larch I 

ISIS), and the procedures cunteepleted under the Solicitation are designed to 

iepleoit the relevant aspects of nuch Statement and the U.S. Synthetic Fuels 

Corporation Phase I 
Business 

Plan, adopted by the board of Directors on 

February 19, 1115 (50 Fed, beg. 4425, published on March I. ISIS). Projects 

will be ranked on the basis of *valuation of the Project Proposal, taking 

Into account their overall relative orogreatic value and their overall 

relative strength, one or eard of the highest ranked Projects -y be 

selected for negotiationu, or. alternatively, at that pout. in lieu of 

Projects being selected on the basis of ranking. All-Projects demonstrating 

adecuete cal lance with the (valuation And Programmatic Criteria my be 

Wastes for negotiationn. The eveluation and selection for negotiations 

will be conducted in accordance with the provisions tet forth in Section a of 

this Solicitation. 

Not later than sisty days after selection for negotiations, the Sponsor will 

be remind to demonstrete that 500 percent of the Equity and other Sponsor

Capital required for the Project is cal ttec to or otherwise secured for the 

Project. At such time, in the event then will be are than one Sponsor of a 

Project, a draft partnership or joint venture Agreement ang tile Sponsor, 

and e letter of Intent from the Sponsors withrespect to such agreement are 

a l so required. Negotiations will not cnce until these reoui rents have 

been satisfactorily met. In the event the Project fails to kept these 

requirements it may be dropped from further consideration under the 

Solicitation. 

If the Corporation negotiatei only with a single Project, and if progress in 

the negotiations ii not satisfactory, in* Corporation my terminate the 

negotiations and enter into 
negotiations 

with the neut higheit ranked 

Project. If are than one Project is selected for negotietionn, they will 

caete for financial assistance through Com
p
etitive negotiations that are 

Intended to lead to the award of financial assistance to the Project offering 

the at advantageoui ter.s and conditions to the Corporation. Negotiations 

and selection for award will be conducted in accordance with the provi uionp 

set forth is Section i Of this Solicitation. 

no bard of 01 rectors my cancel no Solicitation if sufficient aol igatioruel 

authority is not likely to be available to the corporesion to mal an award. 

Generally, notwithstanding tile intent-to mate an award of financial 

assistance to a Project, then is no assurance that any award will be Mdc 

under this Solicitation. 

=OR I - PROJECT ec0olbls 

Projects eligible for award of financial assistance under this Solicitation 

must eeet the following p
ro

ject r.guir.,ents: 

1.1	 Synthetic Fuel Resource 

Tar Sand: consolidated or unconuolidatad rock, other than coal, all 

shale Or i lionite, that conta el hydrocarbonaceous material having a 

gas-free viscosity at ambient reservoir teareture of not less then 

0,000 centipoive, or, until viscosity data Is available, hawing an APE 

gravity of not mere than 10'. 

I.?	 recilnoloow 

Any integrated process or procenuei at a specific geographic location 

In the united States for tile purpose of commercial production of 

Synthetic Fuel Product (as defined under Section 1.1) fro, a ipeci find 

Synthetic Fuel Resource (as defined under Section 1.1). Such rocesi 

or processes are to t" lode the minim and surface processing of the 

Synthetic Fuel Iesooarce fol ld by the A
pprop

riate steps (if any) 

required to convert the crude buss to Synthetic Fuel Product, no 

technology is to be de available for rep lication on reasonable 

commercial terms, (Se, alto definition of 'Project' in Appendi I F. 
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.3	 Project Scala
	

2.1.3	 Market Price 

lao Ininhiotin scale, provided such scale is suitable for the coercial
	

For each Synthetic Fuel Product constituting Eligible Product 

p roduction of Synthetic Fuel Product. In this respect the capacity of
	

to be produced and sold during the Price Guarantee Period • 

all oejor apijint shall be no I•ss then that reorenentativa of
	

basis will be negotiated for determining a fair Market Price 

standard coercial practice.	 for such Product. It is intended that the Market Price for 

1.4	 S
y
nthetic Fuel Product
	 each Product Should fairly represent the salue of such fuel 

As defined under Section 112(11)(*) of the Act, any solid, liQuid, or
	 taking into i:count. aeoig other things, its cost of 

gas or cseination thereof which can be used as a substitute for
	 production, Its value to a user and the value of the fuel 

petroleum or natural gas (or any derivatives thereof, including
	 displaced by such Product. 

chemical feedstock) and which is produced by cilemi cal or phyiical 

transforisation (other thin washing, coking or desulfuriolig) of a
	 2.1.4	 Price GuaranteeAscents and Gus i.a corporation Liahtljfl 

Synthetic Fuel sesource.
	 For any Synthetic Fuel Product constituting Eligible Product 

solo during the Price Guarantee Period • the Price Guarantee 

1.5	 Project Schedule
	 Amount for that Product in  Specified period will be (I) the 

Planned Start of Operations before lICO.
	 amount of that Product sold in that period mal tipl led by (2) 

the ajsoust, if any, by With the a ppropriate Support Price for 

5,6	 Proiect Oniom standard
	 that Product exceeds the Market Price for that Product. The 

Designed to operate a mini., of 300 streeki days per year for at least
	 Price Guarantee Mount with respect to a specified period will 

20 years.
	 be zero for any Eligible Product sold during such period for 

Wi
t
h the Support Price is less than the Market Price in such 

szcTrme 2 - FORM OF ASSISTAJeCE OFFERED
	 period. Total payments of Price Guarantee Mount, would never 

Any financial Assistance provided to a Project as a result of this
	 exceed the Maui., Corporation Liability ipaci fied in the 

Solicitation will be in the form of either a Price Guarantee, a Loan
	 Agreement. 

Guarantee or a Cination Loan Guarantee and Price Guarantee as outlined in 

this Section. More detailed terms and conditions will be deteneined as a
	 2.1.5 1"I".0/profit Sharing aunts 

result of negotiations. In the case of a Joint Venture Were fewer than all
	 In accordance with Section 131(n) of the Act, the Corporation 

Joint venturer, have been awarded Price Guarantee or Loan Guarantee
	 intends to provide for certain paynts from the Project to the 

Assistance, the following terms end 
conditions 

may be medif led accordingly.
	 corporation to the extent that factor, relited to Project 

financial parfortince permit such Mats. Apprggriete terms 

2.1 Certain Price 
g
uarantee P00.15 ions
	

for such payments to the corporation, celled fievenue/Profit 

2.1.1	 Price Guarantee Period	
SharingAmnints. will be negotiated. 

Price Guarentee payments will be tide for Eligible Prodsct for 

a period (hereinafter referred to as the 'Price Guarantee
	 2.1.5 Pnaotsure in the (vent of Shetdoqi 

Period') to be negotiated. Section 131(5) of the Act provides
	 If the Project is abandoned during the Price Guarantee Period 

for the review and possible renegotiation of the Price
	 the Agreement will provide for pa)tint to the Corporation by 

Guarantee within ID year, from the data of initial Production
	 the Project of an aunt no less than necessary to mks the 

Of Synthetic Fuel Product by the Project, at With time the
	 average price received by the Project For any Eligible Product 

corporation sIsal 1 sp.ci f ical ly determine the need for continued
	 actually produced and sold no greater than the Averago Support 

financial assistance.
	 Price, adjusted for the effects of inflation, for such 

Product. The total aunt paid to the corporation in 

2,1.2 Sv000rt Price
	 accordance with the iadiately preceding sentence for all 

The Agreement My provide for eariable levels of Eligible
	 Eligible Product will not exceed the aggregate aunt 

Product price support (hereinafter referred to as the 0Support
	 previously paid to the Project by the Corporation under the 

Price'). Accordingly, for each Synthetic Fuel Product
	 term of of the Price Guarantee. The Project assets (including 

constituting Eligible Product to be produced and sold during
	 any resource and subj ect to permitted liens esisting thereon) 

the Price Guarantee Period, a schedule of Support Prices for
	 And parent company guarantees will be security for these 

Such Product will be negotiated and provisions will be included
	 payments unless an alternative errangameat satisfactory to the 

for adj usnt of such prices to account for the effects of

	 corporation is agreed to. 

Inflation.	 2.1.1	 Patient Mecisaisics 

The mechanics of payment of Price Guarantee Amounts will be 

determined during negotiations. 
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Z -2	 Certalii Loan Guuarant.. Previtiorns 

2.1.1	 5aDi	 Corporation Liability 

The Maulmeja Corporation Liability in the context of Section 2.2 

Of this Solicitation refers to the maxima, liability of the 

Corporation to holdert of Guaranteed Debt. At no time may the 

sum of (a) the Corporation's potential liability for principal 

of Guaranteed Debt (including funds borrowed to pay interest 

capitalized during construction and start-up). and (b) the 

Corporation's potential liability for interest on Guaranteed 

Debt exceed the Maximua Corporition Liability. Ens no chest may 

the Maximum Corporation Liability for Guaranteed Debt exceed 15 

Percent of the Project Cost Entinate. To the extent the 

Corporation is requested to guarantee interest, the aggregate 

principal amount of Guaranteed Debt that may be Issued would 

acCordi ngny be limited to an amount that is less than 75 

Percent of the Project Cost Estimate. In this regard, lee 

Section 4.3.1.4 of Appendix A to this Solicitation with respect 

to certain data to be included in the Project Proposal. 

2.2.2	 Guaranteed Duet Drase.cs 

Guaranteed Debt shill be issued in accordance with projected 

isbursamants, and the proceeds of such Guaranteed Debt shall 

be drawo down centrally pro rata with Equity or on socke other 

basis satisfactory to the Corporation. The 'mechanics of 

Guaranteed Debt drauadoum will he d.t.risined during 

negotiations. 

2.2.3	 Security and Collateral 

Me Corporution will hold a first lien on as 1 Project assets 

Unless the Corporation shall Otherwise consent. If Guaranteed 

Debt is refinanced with ungsaranta.d debt. those unguaranteed 

lenders my be allowed a pro rata security interest with the 

Corporation in the Project assets. An long an any Guaranteed 

Debt is outstanding no other liens may be placed on such assets 

without the Corporetion's consent. 

2.2.4 Term and neoasnt of Guaranteed Debt 

No Guaranteed Debt can have a ter encetding the lesser of (I 

- thirty years or (ii) the useful life of the Project. The 

principal amortization schedule will be as negotiated by the 

S ponsor(s) and the Corporation after due consideretion of 

Project economics • abandosnt rise and required statute" 

findings. eepeynt of principal will conce no later than 

three years after the earlier of Start of Operations or the 

data upon adsich any Price Guarantee Amounts are first 

available. 

2.3 Certain Cim,ation Loan Guarantee and Price Guaraetaa Provisions 

2,3.1	 Price Guarantee Previs ipns 

All the provisions of the Price Guarantee In Sections 2.1.1 

through 2.5.1 above will apply to the Coebination Loan

Guarantee and Price Guarantee, with the additional restriction 

on paynents specified in Section 2.3.3. 

2.3.2	 Loan Guarantee Provisions 

The provinionu of the Loan Guarantee in Sections 2,2.1 through 

2.2.4 above will apply to the cessation Loan Guarantee, with 

the additional restrictions in section 2.3.3 below. 

2.3.3 Restrictions no Issuance of Guaranteed Oat and PapnSs 

The such of (i) total potential cm14ti ye payments of Price 

Guarantee	 snts by the Corporation under the Price Guarantee 

end (ii) the total potential Corporation liability under all 

outstanding Guaranteed Debt MY never exceed the Maxi 

Corporation liability specified in the Alinement. 

consequently, a Ceinetion Loan Guarantee and Price Guan'eatae 

say provide that. as Guaranteed Debt is retired and she 

potential Corporation liability under (ii) is decreased, the 

aunt under (i) may be permitted to increase correspondingly. 

No issuance of Ganerenteed Debt or payment of any Price 

Guarantee Meant will be as Sowed that wousd cauie this 

restriction to be violated. 

slcTi po 3 - SOLOCETATI/stasCT g om SCHEDULE

	

3.1	 Forums lusuaxce of the Solicitation 

Jun. 24, lbII. 

3.2 Deadline for Sub.ltti.m Project Pronesaiu 

August 30, Ihas. 

3.3 Deadline for Salentine projects for Negotiation 

Approximately 45 days after deadline for submitting Project Propose Ii. 

3.4 Deadline for Cai.t of Full (osuity and for Slttine Draft of 

Sponsor Partnershi p or Jaint Venture Aeresnet 

Sixty days after election of of Project( u) for negotiations. 

SECTION4 - PROJECT PegnSAL RECUIR ENENTS, P3ECT 

EvaisuAllom aD SZLECTEna cpo saTEATEr 

	

4.1	 Project Pr000ial 

The Spoossor( 5) of a Project met submit a Project Proposal in order to 

be considered under this Solicitation. Tile Project Proposal mast 

dnstrate that the Evaluation Criteria applicable to the Solicitation 

AM met. In particular. the Project Proposal esata provide evidence 

that the Project design his attained a Level II and that the Project 

Cost Estimate is a Level El eshi,ate and corresponds to this design. A 

definition of Level It is given in Appendix S. See Appendix A for the 

Project Proposes requirements and the Evaluation Criteria. The Project 

Proposal must be signed by an officer or an authorized representative 

of each Sponior panic i pating in the Project. 
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4.1 .1	 Additional Data Subeixuions 

The Project Proposal naust meet all applicable requirements For 

data AS s pecified in Appendix A of the Solicitation. Such data 

must be sufficient to permit the Corporation to assess the 

Project Proposal on the bash of the (valuation Criteria. 

4owever, during evaluation of the Project Proposal the 

Corporation nay. For the puroose of clarifying s pecific tees 

discussec In the Project Proposal request additional 

information or otherwise	 it with the Sponsor, For 

fect-finding purposes. Sp
onsors submitting Pro ject Proposals 

oitting oufficiest data to permit the Corporation to cisc's 

the Project Proposal may be disqualified and dropped free 

further consideration under this Solicitation. 

4.2	 Project Evaluation 

On the basis of the data net forth in its Project Proposal, each 

Project will be evaluated by the Corporation against (1) certain 

Programmatic Criteria set forth is Section 4.2.1 of this Solicitation 

and (2) the (valuation Criteria set forth in A pp
endix A of this 

Solicitation. On the basis of such evaluation,. all Projects will be 

ranked taking into account (a) their overall relative prograslc 

value in ten,, of the Progratic Criteria and (2) their overall 

relative strength in term, of the (valuation Criteria (to the extent 

such Criteria are designated en being for the purpose of ranking) 

relating to the following areas: 

1. Technology and engineering (see Section 4.501 A ppendix A). 

2. Environment and Soc ioeconomics (see Section A.0 of Appendix A), 

3. S ponsor's Financial capability. Project financing and Project 

econic viability (see Section A.3 of Appendix A), 

4. Sponsor and Project nnagnt (sea section 4.4 of Appendia A). 

S.	 cost eitieates (see Section A.2 of Appendix a) • and 

a.	 AID net' (see Section A.1 of Appendix A). 

No formal weights are being ci, igned to the Programmatic criteria or 

the (valuation Criteria, but this does not preclude the use by 

evaluator, of nssrical or other scoring schemes as aids to reaching 

their conclusion,. 

Projects will be reviewed, but not ranked, on the basis of the 

(valuation criteria (to the estent such Criteria an designated as 

being the basis for a pass/fail review) relating to the following 

areas. Projects unable to dananstrate the following to the - 

satisfaction of the Corp
oration on a pass/fail basis will be drooped 

free further consideration: 

I.	 Project eligibility (see Section 4,1 of Appendix A). 

2.	 A Project design of at least Level It (see Section 4.5 of 

Appendix A).

3.	 A Project Cost (stiate that in at least a Level II and in 

consistent with the Project design (see Section 4.1 And Section 

4.2 of Appendix 5). 

4.-Availability of rights to key tecr'.nologies see Section A.S. of 

Appendix A). 

S.	 availability of Project site (sea Section A.S. of Appendix A). 

G.	 Availability of eligible feedstock and water (see Sections A.G. of 

Appendix A) and 

7.	 Availability of permits within I realistic time frame (lee Sactior 

•	 AC. of Appendiu A). 

4.2.1	 Proerstic Criteria	 - 

The following Prograatic Criteria will be used as part of the 

- baais for ranking the Projects: the Cor poration will consider 

(I) the extent to which the Project will significantly enhance 

the knowledge and experience (including infor.etion about 

evi rop nta) imeects end their Control) necessary for rapid, 

efficient, crcial replication of the technology in the 

private sector, (2) the extent to welch the Project will 

anstrete at sufficient scale all of the essential suhsysteai 

and supporting technology (including envi rontal control 

technology) prerequisite to rapid, efficient, carcial 

replication of such subsystem and supporting technologies by 

the private sector, (3) the extent to was" than is reasonable 

Probability that the Project will continue to operate until 

economic conditions will support replication by the private 

Sector so learning benefits my he secured, (4) the extent to 

Slick the site, scope end cost of the Project an the einl 

necessary for achieving the basic objectives reflected in 

criteria (1) through (3), (5) the likelihood that the Project 

would be given preference in accordance with clause (ii) (least 

citaexit of financ sal assistance end lowest unit production 

cost) of Section 5 of this Solicitation, and (I) the degree to 

Such the Project entails duplication of major conversion 

technologies used in other p roject, before the Corporation. 

4.3 Selection for eegotiatioes 

On the basis of the ovenl I Project resking. the Corporation intends to 

select for negotiations the highest ranked Project, or. alterisitively, 

the two or eon highest ranked Projects. In lieu of Pro jects being 

selected ois the basis of ranking, all Projects dnstrating adequate 

cl iance with the (valuation criteria	 y be selected for 

•	 negotiations. any such negotiations will bi conducted in accordance 

with the p rovisions of Section 5 of this Solicitation, iaotsdithstending 

this intent, the Corpontion my conclude that, on the bAsis of the 

evaluation of the Project Proposals, no Project-is sufficI 
Sol 

tly strong 

toSpirit entering into negotiations for financial assi stance frse the 
Corp

oration. In this event the Corporation may terminate the 

Solicitation. 
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SECTION 5 - NEGOTIATIONS AN SELECTION S[LECTI	 FOR AWARD 

In the eat the Corporation selects more than one Project with which to 

negotiate, such nagotiatlont Shall be on a cetitive bat is. And the 

Corporation may, at any ties during such negotiation.. decline to continua 

negotiationl with any such Project if such Project is unlihely to be 

Preferred in accordance with the next succeeding paragra ph. If. it any time. 

Ad Projects ramairs in negotiations • the Corporation may select for 

negotiations the highest ranking Project not so selected prior thereto 

Provided no change to ouch Project since the ranking of Project, his 

invalidated the basis for the rank of such Project. 

The Corporation intend, to conclude and execute an Agreement with tint Project 

that offers the most adeantag.oul terms and conditions to the Corporation. 

In Main, an award, the Corporation will (ii consider can overall ranking of 

the Project with respect to the Evaluation And Programaatic Criteria and Cii) 

give preference to the Project Such represents • in descending order of 

inportance, the least ci tmeat of financial assistance and the lowest unit 

Production costs, taking into account the amount and Va lua of the antitipat.d 

Synthetic Fuel product. Although it in the intent of the Corporation to ske 

in Award to only nna Project. the corporation may. if ci rcuientances warrant 

IN subject to the Evolution and Proqratic Criteria • make an award to 

more thin one Project. Notwithstanding the intent to mate an award for 

financial assistance, tilt Corporation reserves the right to mak. no award or 

to Co..] the Solicitation at any ties prior to signing An Agreemant and 

gin., no assurance that any award will be made. 

Oahriafing sessions will be hold on request with Sponsors of any proposed 

Projects that were not selected for negotiation, to ex p lain such 

determinations. 

5.1	 Full Centel nt of Unity and other Suitor Capital 

Not later than 50 days after selection for negotiations. a Project most 

demonstrate that 100 percent of the Equity and other Sponsor Capitol 

required to fund the Project under the Project financing p lan in 

citted to or otherwise secured for tilt Project in a fo ps acceptable 

to tilt corporation. In no avant flaIl Equity constitute less than 25 

percent of the total estimated colt of the Project. Negotiations will 

not Cnce until such citteoit has been satisfactorily mat. In the 

avant the Project falls to meet this raqui resent • it may be dropped 

from further consideration under the Solicitation. 

A cint of Equity most be evidenced by a latter or other evidence 

and may be conditioned only upon execution of a satisfactory 

Agrant. Iooweemr. conditions to such a ci taent by a Sponsor 

representing normal business provisions that would be nubhd by a 

definitive Agreant and that would not creata inpedimenti to 

aningful negotiations art acceptable. nonetheless. such a Ci	 nt 

by a Sponsor watch is conditioned upon the future tale by that Sponsor 

of goods or services to the Project is acceptable only if (i) such 

mood, and Invoices an identified as an integral part of the Project 

Proposal And (ii) the Sponsor acknowledge, that such an arrangement

would include provisions assuring that such good, And servO Cal would be 

valued al if obtained through ar, n-length contract, with third 

Daniel. Moreover. tonditions that (i) involve the consent of partial 

Other than the Corporation and the Sponsors or Iii) are contingent soon 

events outside the control of tee Corp oretion or tot Sponsor, are not 

acceptable. Such litters or other evidence of ci tnt by a Sponsor 

mast be satisfactory to the corporation and at be signed by an 

officer of each Sponsor making the ci nt. 

Sponsor Capital consisting of debt financing must be evidenced by 

letter or other evident* of sentiment from the lenders 5). Statamants 

of conditional intent by a financial institution are iniuff cleat 

assurance that such debt financing is 'citted .' Hver, the 

citsent of a cr.ditrtihy Sponsor to provide such dat financing or 

to guirmntee third-party debt despite the prelent lack of cint 

front a third-party lending institution is acceptable. Such 

cai tnent of a Sponsor may be conditioned only in the manner indicated 

In the preceding paragraph with respect to citnti of cquity. Such 

letter of intent or other evidence of lowltasent malt be nati,factory 

to the corporation and most be signed by en officer of the lender or 

guarantor.	 - 

The Project most d,trete to the satisfaction of the Corporation 

that all Equity And other Sponsor Capital will be available and ii 

adagute to as low the Project to proce.d on the schedule at forth in 

the Project Proposal. Smadjam mating cints of Equity and other - 

Sponsor capital most also provide evidence of their financial 

capability foraski such cinti. In this regard ste Sectioos 

A.3.1.2 and A,3,1.3 of Appendix A to this Solicitation. 

5.2 Proiact Partnershi p or lout yenture Noreeseat 

Not later thin 60 days after selection for negotiation,, in the event 

there will be mart than one Sponsor of the Project, such S ponsors most 

suis to the Corporation a letter expressing their intention to enter 

Into a partnership or joint venture agreement, e draft of i.duich shell 

be a ppended to such letter. Such latter of intent must be signed by An 

officer of each Sponsor. Negotiations will not cnce until the 

requi r,mants of this section have been mat. In the Ponte 	 the Project 

fells to teat these reqlairnts it may be dropped firm further 

consideration under the Solicitation. The partnership or joint venture 

agreement may OF revised in the coarse of negotiation but suit be 

satisfactory to the Corporation prior to clation of n.gatiations. 

5.3	 Project Revisions 

The Project design, the Project cost Estimate, and Project financing 

plan suitted as part of tine Project Proposal will be the basis of the 

evaluation contlated by Section 4 of this Sal ic it.tion. muse 	 to 

the extent the basis for selection of the Project for negotiations i 

not invalidated, the Project daises • Project Cost Estimate and the 

Project financing plan may be revised in the Co.", of negotiations to 

reflect the continuing develont of the Project or to reflect design 
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modifications intended to trove Project performance or efficiency. 

The Projectdeiign the Project Cost Estimate and the Project financing 

Plan must be accep table to the Corporation prior to copolet ion of 

negotiations. 

5.4	 Termination of Meootietions 

At any time after a Project is selected for negotiations. such 

negotiations may be terminated if, in the sole judgment of the 

Corporation. substantial progress is not being made. 

5.5 Statutory Determinations and Consultations 

The Act requires the Corporation, prior to execution of any Agreement. 

to make implicit statutory determinations and to cnnsult with other 

Government agencies with respect to certain matters. During 

negotiations, the Corporation may request additional inforimatlon frnan 

the Project to assist in these determinations and consultation,. 

5.5.1	 Oeoart,t of Defense Consultation 

Section 172(d)(1) of the Act directs the Corporation to Consult 

Wi th the Oeoertnt of gefense (DOD) with respect to meeting 

defense fuel needs f rany synthetic fuels. Prior to the 

cncement of negotiations, the corooratinn shall bane so 

consulted with 000. As a condition to an award of assistance, 

the Corporation will require, to the extent such consultations 

with DOD indicate, that there be consultation between the 

Project end the 000 with respect to the possible sale to the 

000 of products produced by the Project. 

5.5.2	 Reosilatory Actions 

Pursuant to Section 127(f) of the Act, the Corporation shall 

give priority consideration to a pp lications for financial 

assistance for a Project in any State iich, in the judgment of 

the corporation, indicates an intention to expedite all 

regulatory, li cen s i ng  and related gover'nt agency activities 

with respect to such Project. In addition, with regard to a 

Project (i) proposed by concernl whose rates are regulated or 

(ii) the manag,it of hmicls proposes to sell Synthetic Fuel 

Product to a parson whose rates for the use or transportation 

Of such Synthetic Fuel Product are regulated, the Corporation, 

Pu
r
suant to Section 131(1) of the Act, is authorized to 

consider as a factor in any decision to award financial 

assistance whether a ratemebing decision is likely to issue 

Which will nrotect the financial interests of the investors and 

the Corporation. Pursuant to Section 131(q) of the Act, the 

Corp
oration, in imeos ing such terms and conditions on any 

financial assistance as may be necessary to assure that any 

investor, having Ownership or profit interest in a Project Dear 

Substantial risk of after-tax loss under certain circonstances, 

Shall evaluate, imong other thing,, any regulatory actions 

associated with such Project.

i.e	 Doceiltation Reomi ramsets 

All documentation necessary to conssate the financial assistance 

trensactnon shall be satisfactory in form, scope and substance to the 

Corporation. 

5.1	 Ennirriital Poni tori,'. Plan Outline 

Prior to enecution or en Agreement the corporation will reqtire 

suboission of an acceptable outline of en anvirontal evailtaring 

Plan. Requirements for the outline are contained in the Corporation's 

'Environmental Monitoring Plan g uidelines.- II Fed, flee. 44675, 

published on October II. 1113. 

5.0 Level El/Ill lesima and Cost Estimate 

Prior to execution of an £greent the Corporation will raqsii r 

suboiosion of a Level li/Ill Project design end a Level Il/Ill Project 

Cost Estimate that corresponds to this design. Such design and cost 

estimate mast be satisfactory to the Corporation. See Appeindin I to 

the SolicitatIon for a definition of Level li/Ill. Sea Section A.2.1 

of Appendix A for the data to be included in the Project Cost 

Estieace. 

5.1	 Execution of Aaregmeat 

If the corp
oration is able to make the determinations required by the 

Act and approve, a negotiated Agrent, the Corporation will esecute 

the Aartemeqt or will cit to executing it, conditioned only upon 

approval of the Project and the negotiated Agreement by the boards of 

directors of all the Sponsors within an agreed and s pecified time. 

5.10 Pa geant of Loan Guarantee Fee 

upon enecution of the Aeresnt. the Project will pay to the 

corporation a fee of up to a mania', of 1 percent, but in no event less 

then 0.25 percent, of the Mania'. Corporation Liability. The axact 

percentage will be negotiated. En accordance with Section 130(b) of 

the act, an annual Loan Guarantee Pea of 0.5 percent of any outstanding 

Principal of Guaranteed Debt shall also be spaci fied in the Agrant. 

5.11 Smell and Oitadvantaqad loll nassea 

AS required by Section 174 of the Act, an agreement will require that 

smell and disadvantaged businesses have fair and reasonable opportunity 

to panic ipata in the performance of won't in connection with the 

Project. 

5.12 eeoortnno Ceomi rames,ts 

During construction and stan-up, the Corporation will require periodic 

reports frma the Sponsors on the status of the Project. After Start of 

Operations, periodic reports covering certain aspects of plant 

p roduction and operations by the Soonsor, will also be required. SuCh 

reports will also address environtal effects. 
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SECTION 4 - P*OCESSING of PROJECT SUIRISSIDIS 

Each Project Proposal hall be orovided in four print topiet of ann ateriel 

and Two microfiche copies (ipecifications for microfiche are net forth in 

Appendix () • each mined to indicate portions to be safeguerded in accordance 

with the Corporations guidelines on disclosure and confidentiality. 

One print copy and three microfiche conies of all nortions of the original 

sasi tted saftrill not marked con' identiel shall also be .Poll". They ap 

contain only materill not requiring safeguerdi Mg. i.e. • non-confidential 

portions of all Project Proposal materials, and generic descriptions • with 

We references • for the portions to be safeguard". The print co py and on* 

of the sets of microfiche will be placed in the corporation • 0 public raiding 

ra 

A public iry is required for the Project Proposal submitted to the 

Corporation. The purpose of such e sry is to outline the proposed 

Project for use in responding to Information requests tram the general public 

and for specific notification of Public officials in affected states. See 

Appeadis C for the public ory requirements. 

All print copies and sets of microfiche shall be delivered to the following 

address:

United States Synthetic Fuels Corporation 
Projects Group 
2121 c Street. N.W. 
ldeshington. D.C. 20514 

Proposer, should fail iarize thuesel nes with the Corporations guidelines on 

disclosure and confidentiality. copies of Slick lay be obtained Pram: 

Unit" States Synthetic Fuels Corporation 
Office of Public Disclosure 
2121 K Street. N.A. 
washington, D.C. 2055$ 
(202) 122-4440 

To .elsure consideration, under thisSolicitation, all submissions atst be 

received by 5 p.m., washington. D.C. • tIa on the applicable data specified 

In Section 3 of this Solicitation. late submissions will not be accepted.

822-4444. The Senior vice Pros ident-Projactn is the authorized person in 

the corporstion to speak on mitten pertaining to tests docant and receive 

all cjnicetions hereunder. No clarification to the terms and 

requirements of this Solicitation ire valid unless authorized in writing by 

the Senior Vice President-Projects. 

APPENDIX A

PROJECT PflPOSAi. DATA PEOiJImCNTS 

EVALUATION CRITERIA 

This Appendix describes the .1.1ame data requl rntl for the Project 

Proposal. It further sets forth the Craluation criteria amainst which such 

Data will be evaluated. Certain data sill be evaluated on a pass/fats basis 

Ali* other data will be eve Jutted for Project renting purpose,. Set 

Section 4.2 of the Solicitation in this regard. Sufficient daft alit be 

nubmitt.d to per-it the Corporation to to ansels the Project Proposal on the 

basis of the Evaluation Criteria. 

A.1 Proiect El ieibi I Sty: 

A.1.1 The Project Proposal msst p rovide a description of the Project 

that Includes the fohlosine: 

A.l.l.l The site on which the Project IS to be located. 

A.1.1.2 The tecisnelogiei to be used by the Project including e

block flow diagram snowing ajor plant units. 

4.1.1.3 A site arrangot plea of the major plant units. 

A. 1.1.4 General specifications and production levels for all 

Products and ajor by-products. 

a. 1.1.5 Overall schedule for construction and start-up. 

4.1.1.4 Uieful life of the Project. 

The cost and enpensei related to the preparation and suissio, of tile 

Proj ect Propoial and related miterial are the responsibility Of the Project 

Sponsor. 

The Corporation requires that no Co pper of any Sponsor group whose Project 

is under review by the Corporation under any solicitation canica0 with 

any other Palmer of any other sponsor group, directly or indirectly, with 

respect to financial terms of the assistance under consideration by the 

Corporation. Sponsor groups=at address problems that arise with respect 

to adeisori. such as an innustaent bane, architect/engineer or law firm 

participating in mm than one project. The corporation mist be notified 

prtly when such s ituetions arise, and of the Mans by which the potential 

for unauthorized communication will be eliminated. 

Specific questions with res pect to tnis Solicitation should be directed to 

the Senior Vice Pr.i ident-ProjeCti at the above address or at (202)

4.1.1.1 General source of plant feadstocki. 

4.1.2 Evaluation Criteria 

The Corporation will. on a pass/rail basis, evaluate the 

description of the Project provided in the Pro j ect Pregoeal with 

respect to Weather it dstrates cl i.nce with the Project 

requirnts set fortin in Section 1 of this Solicitation and 

whether the Project Is a 'synthetic fuel p roject' under - 

Section 112(11) of the Act. 

A.1.2.1 In order to be eligible for financial assistance under 

the Act, the process or processes necessary to achieve 

the product ipecifications set forth in Section 1.4 of 

this Solicitation
	 at be integrated at a specific 

geographic socetion in the united States. The 
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Corporation will	 only tsis requirement in a vicinity of the conversion facility.	 is,	 escept	 in 

case-specific basis.	 In determining whether processes certain s pecified cases.	 incidental	 to the Project 

are 'integrated' the Corporation will consider the (i.e., • relatively $Pill	 portion of total Project 

eutent to which the various processes are o perationally colt).	 end (I) necessity to the Project (i.e.. an 

de pendent •	 Including enassnaclon of such Victors is integrated pert of the Project taking into account 

Physical	 connection,	 relative ca pacity and utilization. considerations of ecoacay and efficiency of 

p rocess flow reletionsinip and organi cat love) 'nenegement Operation).	 •ere Sponsors are proposing to include 

responsibility structure. 	 with respect to the such facilities or equipment in their Project, they 

deter.ninet Ion of whether the facility incorporating the nilould provide Information deeonstrating cnmal iance 

Integrated p rocess or p rocesles	 is 'at a specific with the guidelines sat forth	 in this Section *1.2.3. 

geogrephic	 location.' factors the corporation will See also the Corporations 'Guidance to Sponsors on 

consider. eng others. are distance, 	 technical and Eligible and Suns Cast'.' a cony of which may be 

economic reaions for, and interrelationships Stint. obtained from the Corporation • 5 Office of Public 

Process locations • to pogreoh ices and geographical Disclosure. 

characteristics of the area,	 infrastructure 

requirements and envi rovanta I. socioeconomic end A.2	 Proiect Cost (stipte, 

pen-mi tting needs.	 Sponsor(s) should provide A.2.1	 A Project Cost (stimete with respect to ca p ital and operating 

I nforet ion Sufficient for the Corporation to evaluate costs for the p roduction plant (in Constant dollars) met be 

whether the statutory definition if mat. provided in the Project Proposal. 	 The Project cost cstimate 

mast correspond at least to a Level It design. 	 The eitimate 
A.1.2.2	 In the event that the Project Cost Intimate Includes east be consistent with the Project descri p tion required by 

rights to the Synthetic Fuel eesource Specified in Section 4.1.1 of this Appeadia A to the Solicitation.	 no 

Section 1.1	 of	 the Solicitation.	 Section lll(le)(A)(ii) estimate east include; 

It the Act Provides that only land and mineral rights 

required directly for use in connection with tie 4.2.1.1	 A Clete description of all pertinent technical end 

facilities for the production of synthetic fuels can be cost estimating criteria used in defining the basis and 

included in the Project. 	 Therefore, only such land and scope of the capital end o perating cost estimatei. 

einerel rights (which may include mmcml rights 

necessary for reasonable contingency reserves) as are A.2.1.2	 A subsystem breakable of capital cost identifying 

required far the life of the Project for which - equint. material • labor, subcontractor. mdi rect and 

assistance is 4001 is for under the Solicitation may be other Sponsor s costs at the tubsystee level. 	 Exales 
included.	 To the extent that such interests are of capital accounts considered to be at the subsystem 

contributed by panons with oenhip or prof it level arm sh	 in Appendix C to the 505 ic itation. 

interest in the Project, they will be valued at the 

lower of fair	 Met value (enclunsha of any value
&.2. 1.3	 * bre.5d	 of Project operating costs at the plant 

attributable to the prospect of receiving financial
level.	 An etle of ooareting accounts at the plant 

assistance from the Corporation) or cost to the level are set forth in Appendix C to the Solicitation. 

Project.	 Such valuation will be determined by the In the event operating Costa inc lube lease or royalty 

Corporation based on the factors and circumstance, payments with res pect to mineral rights, such payments 

soeci fically applicable to each Project. 	 Sponsor(s) mast be based solely on the fair mertet value of such 

Should provide inforretion concerning aineral rights eineral rights,	 i.e. • exclusive of any value 

and their valuation end cost. attributable to financial assi stance from the 

Corporetioo.

A.1 .2.3 Pestilentially, Section 1121 liflA)( iii) provides that a 

synthetic fuel project may include a facility or	 A.?. i.e Pocntation in sunport of data source, end - 

equlnt to be used in the extrAction of a mineral for 	 metmnodology used in preparing the estimate (including 

use directly and exclusively in the conversion of a	 but not limited to vendor quotei. estimating fecton, 

resource into Synthetic fuel only where such facility 	
labor rates end productivity factors. engine.ring end 

Of equint is (A) either (i) co-located with or in 	 hope office end field manpr plens • etc.) 

the imeediate vicinity of the conversion facility, or 

(ii) if not co-located or loceted in the institute	 - 
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A.2. I.$  The quarterly estimated espendi torts for engineering. 

- procurement, construction, start-up, and operation 

consistent with the Project tciedula. 

4.2.1.4 A contingency 1110-Mice (together with accoaoanying 

justification) that is consistent with the status of 

the level of Project engineering And available 

estimating irsfor.ation base. 

4.2.1.7 A short description of plans used for determining costs 

for Project nagemant, construction oanagamant. 

stan-up (including corrective ellowanceu. if any), 

operations. etc. 

4.2.1.0 Independent cost Appraisals to the extant available. 

4.2.1.5 Justification of the Accuracy of the •,tioate; 

including trade-off studiei if available. 

A. 2.2 Evaluation Criteria 

no Corporation will evaluate. on a passlfai 1 basis • the Project 

Cost Lit mate provided is the Proposal with respect to (1) 

,afiathar it is a Level Ii estimate and (2) u.aiathar it is 

consistent with the Project design. In addition, for ranting 

purposes, the Corporation will evaluate the Project Cost 

tstiata with respect to (I) the dflree toWhich it provides a 

basis for determining the as it. p robable capital And operating 

costs for the Project and (2) the degree to Which it extends a 

Level It. Sea appendix I for a definition of Level Ii. Level 

III and Level It/Ill. 

4.3. Soonsor' r i pancia I Caoebi I ity. Project Financin g and Proiect Lcsnonic 

Viability 

*3.1 The Project Proposal mast provide a Project financing p lan that 

includes the following data: 

A.3.1 .1 A schedule setting forth the capital structure of the 

Project, consistent with the Pro j ect Cost Estimate, 

including, among other things. (I) Guaranteed Debt 

proposed to be issued. (2) other Project debt. (3) 

Equity, and (4) any other funding, identifying each 

source of such funding with the exception of the source 

Of any Guaranteed Debt. Equity. as at forth in nuch 

schedule, shall be not lest than 25 percent of the 

total estimated cost of the Project. 

A.3.1.2 * description, of efforts to obtain Equity and other 

$ponsor Capital and identification of cints (if 

any) and intends citaents with respect thereto. 

A.3.1.3 Current audited financial re ports (e.g.. annual 

reoorts) • current quarterly reports (e.g.. 10-40s) And

any other relevant information adequate to 155e55 the 

Sponsors financial capability. 

*3.1.4 A statement of financial assistance requested SIN the 

Corporation including as Applicable (i) the Maximaw 

Corporation Liability under a Price Guarantee. (ii) the 

Price Guarantee Period, (iii) Support Prices, (Iv) the 

Mauimaw corporation Liability wider a loan Guarantee. 

(v) the eaxi. principal a_Ion c of Guaranteed Debt. 

IN (vi) the N.I. Corporation Liability. To the 

extent that the Corporation's liability for interest on 

Guaranteed Debt is lest than the amount of interest 

that would accrue on the guaranteed Debt during a 

nine-f1(h period, the Sponsor mast provide an 

explanation for the lower aaount of such interest. En 

this regard. lee Section 2.2.1 of this Solicitation. 

A.3.1 .5 M analysis of the need for the requested levels and 

forest of financial assistance and evidence of theta 

levels being the mini.os NoNts necessary for the 

S000sar to proceed with tile Project. 

4.3.1.1 Forecasts of Project after-taa cash flaws, in both 

current and as-spans doslars, quarterly during 

construction and start,p, and annually over the full 

life of the Project. Include requested levels of 

torporetiou, financial assistance. line Project Proposal 

Should provide all assitio's • data, and algoritimas in 

sufficient detail to allow the corporation to replicate 

and standardize the financial an format sutsitted. 

Market price forecasts and Project cost data used in 

financial projections most be based, respectively, upon 

thefork.tin plan required by Section A. 1.1 and the 

Project Cost Estimate required by Section A.2.1. The 

Corporation will not dictate econic asssptions such 

as interest rates and inflation rates to be used in 

responding to this Solicitation. Mourner. in its 

carat5ve analyses the Corporation will make 

adjusnts in economic asiationl needed to ensure 

evaluation of Projects on a c qi nos is. 

*3.1.7 Estimates of Equity. other Sponsor Capital and 

Guaranteed Debt (if any) required during each quarter 

of construction and start-up , including al lnces for 

cost overruns, delays and other contingencies 

A.3.1.8 Sensitivity analyses for the lact of likely 

construction and oparating risks, including cost 

overruns • delays, poor plant performance, low product 

prices, etc. • on Equity riquiremants, debt coverage and 

return On Equity. 
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*3.' .5 Separate calculations For Project tan liabilities and 

benefits during construction and operations, as well as 

an analysis of the after-tao cost of abandonment. 

4.3.' .10 4's - va l u-t i -ni of Project eligibility for availaole tax 

benefits ( investlnant tax credito, p roduction tan 

credits, dep letion. etc.) and planned use 01 tact 

benefits by the Sponsor(s). 

4.3.2 Where a Loan Guarantee Is involved, the sponourship, financing and 

ecornoaoic viability data submitted in the Proposal moist also 

Include: 

*3.2.1 An analysis of the oalvage value of the Project year by 
Year. 

*3.2.2 DescriptIons of the financial aspects of operating, raw 

material, product off-take, service, credit or similar 

agreelmanto 

4.3.2.3 Sensitivity analyses for likely inflation and interest 

rite risk effects on required Equity. 

4.3.2.4 Anticipated moan, of financing cost overruns without 

Partner Loan Guarantees from the Corporation. 

4.3.3 Evaluation Criteria 

The Corporation will evaluate, for ranking purposes, the Sponsor's 

financial capability, the Project financing and Project economic 

viability data p rovided in the Project Proposal, as follows: 

Although no coitments of Equity or other Sponsor Ca p ital are 

required with the Project Proposal. any such csi teants made it 

the tions of the Project Proposal submisoion will be taken into 

account in this eval uation. Accordingly, the corporation will 

evaluate the degree to i,micls (1) Equity and other Sponsor capital 

are citted or otherwise secured for the Project and (2) the 

respecti we Sponsors are financially capable of no titting or 

securing Equity or Sponsor Capital. Noreover, to the entent 

that a Sponsor My have been Identified as intending to toit 

or otherwise secure Equity or S ponsor Capital, the Corporation 

will evaluate the degree to win 1111 such Sponsor would be 

financially capable of so comeittilg or securing Equity or 

Sponsor capital. In addition, the Corporation will evaluate the 

degree to iaiich identified Sponsors are collectively capable of 

ass.5 ing the balance of the Equity conteiated by the Project 

financing plan. With respect to degree of economic viability. 

the Project will be evaluated in terms of being able Ii) to 

generate cash sufficient to cover all operating and other 

on-going colts. including contingencies. (iii to provide, with 

a ppropriate Corp
oration assistance, an adequate overall 

incentive to Sponsors and (iii) to continue onsrating after any 

Price Guarantee expires, for the life of the Project.

A.4 Soo p sar and Proiect Menaont 

A.4.1 rhe Project Proposal must p rovide a detailed management Plan 

describing, as a alnimuim, the following: 

4.4.1.1 The Project objective(s) including Project description, 

technical goals, nchedu)e and coot objectieeo and 

constraints, 

4.4.1.2 The Project's management structure with definition of 

lines of authority for p olicy; procedures and 

execution; capability and ao p erfence including 

Sponsor/eanagament and contractor/engineer organization 

elements and relationships; key management and 

contractor personnel and organizational interfaces 

4.4.1.3 The detailed management approach including Project 

Inolemeitation, managament review procedures • and 

Quality control. 

4.4.1.4 Definitive menegement control procedures Including 

those for schedule (i.e.. technical), cost (i.e.. 

- financiel), and manpower (i.e., administrative). 

4.4.1.5 Sponsor reporting requirement, including reporting 

formats. 

4.4.5.6 * Project schedule indicating all critical activities 

that	 at be accl i Ills. 

4.4.2 Evaluation criteria 

The corporation will evaluate, for rankino purposes, the 

management p lan p rovided in the Project Proposal with respect to 

(1) the capability and esperience of the Sponsor,, other key 

participating organizations and key Project personnel to esacute 

and Operate the Project (2) the degree to which tha aenagement 

structure, approach and procedures for managing the design, 

construction, start-up and operation of the Project is 

demonstrated and (3) the degree to which the Project schedile In 

A basis for the planning and control of the Project. In 

eval aatlng the capability end experience of the Sponsors • the 

Corporation will consider the extent to which a technology 

developer, a suer of any Product produced by the Project and a 

P l
a

n t operator may make a citaent of Equity to the Project. 

A. i l'edhnoloqv and Cegineering 

4.5.1 The Project Proposal mist provide dita with respect to the 

status of the Project technology and engineering. Such data 

must include, as a aini. the following: 

4.5.1.1 4 block flow sheet and description of the process and 

each process unit with Project-specific heat, material, 

water and utility balances; and the same inform tion 
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for envlroiloental control process units, utilities 

units and ancillary facilities. tnclude latest process 

Flow sheets. Pt! and plant plans available. 

A.5.l.2 A project design of at least Level II. See Appendix a 

fore definition of Level II. 

*5.1.3 A descri p tion of th* status of the technology for each 

of the above units Including reference operation (Pilot 

operation. coercial operation - sire relationship) 

and diether prior operation exceeds oresent duty 

specification or. if extrapolation is necessary, what 

Additional testing is reQuired to coiete design 

bloat. 

A.S.I.0 A list or table sitting Forts the source of each 

proposed technology And status of licensing. For each 

lists technology. proposer sisoold indicate weather it 

Is proprietary or otherwise cart Oil • the licensor of 

the proprietary technology and the status of 1 icensireg 

Agreamants Prma technology Defers. Copies of 1 scent, 

igreemants And guarantees ohould be enclosed uaere 

evil labia.

 

If the proposer own, a technology. that 

should be so stated 

*5.1.5 A schedule of eajor Project ailettones that aetails and 

justifies the project cletion of all design. cost 

estimating, procureeent • construction and start-up 

activities of the production plant. 

A. 5.0.1 A description of current status of •ngin.ering And/or 

construction as 1"W rind by the Project schedule and 

Project control syit	 (required under Section A.3.1 of 

Appendix A to this Solicitation) and plans for 

maintaining such schedule and cslating construction. 

A. 5.2 (valuation criteria 

Me Corporation will, on a pals/fail basis. evaluate the 

technology and eiigineering data provided in the Project Proposal 

With respect to (I) *dsetdoer the Project design is at Inst a 

Level I! and (2) weather the rights to Project techn010gie1 are 

secured or, otherwise, available. In addition, for ranking 

parposas, the corporation will evaluate the technology and 

engineering data with respect to (1) the status of the Project 

technology and engineering as a basis (i) for aeetisg the 

deadline for achieving Start of Operations as oat forts in 

Section 1.5 of this Solicitation and (ii) for eaeting good 

engineering practice requirements for reliability and 

availability of the production plant and (2) the degree to which 

the Project design exceeds a tenet El. See Appendix C for a 

definition of Level El, Level III and Level ti/Eli.

A.6 Site and Resource. 

A.6.1 The Pro posal .1st identify the site • feeditock . source and 

aaosst of water and Provide data with respect to the Following: 

A.6.1 .1  The Project site is or can be secured with no eaterieS 

escurences other than those securing Project 

financing) for the Project life. 

A.6.1.2 Econonically recoverable reserves of Synthetic fuel 

Resource are available to allow full-scale o peration of 

the Project for the Project life. 

A.6.1.3 eight, to necessary water are or can be secured with no 

material enctarances for the Project lire. The exhibit 

of 'ter seeded by the Project end the specific source 

Of this water are to be pecifled. 

A.6.2 (valuation Criteria 

The Corporation will, on a pass/fail baois, evaluate the date 

provided in tree Proj ect Proposal pertaining to the Project site 

IN resources with res pect to (1) omether the righti to the 

Project site are secured or otherwise obtainable (2) whether 

sufficient Syntactic Fuel eesoorce for the life of the Project 

is available and (Ii whether rights to water in 	 unts 

necessary for the life of the Project are adequately secured or 

otherwise obtainable. 

A,1

A.?. I The Project Proposal .ust provide a forketint plan that seti 

forth the projects rtets end Martet Priceo • together with 

supporting rationale for such prices, for all Products and 

by-products during the life of the Project. 

A.7.2 Evaluation criteria 

The corporation will evaluate, for ranking purposes, the Project 

rketi sq plan provided in the Project Proposal with respect to 

(1) tile degree to which thehumbotion, plan dnstrates that a 

satisfactory himat will exist for all Product and by-product 

for the life of the Project ON (2) the degree to which the 

p
ro

j ected Manes Prices for such product and by-product aro 

substantiated. 

A. a (jiai rop v,t and Socioecoic, 

A.@.) The Project Proposal at provide tile following data: 

Provide a genarel statent describing the Project 

Potential environntal effects; identify reqsi rod 

permits and other environmental approvals (including an 

environntal impact statement if needs); provide 

evidence that consultation has taken place with all 

appropriate permit agencies. Provide a permi 
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acquisition schedule that dennonstratet that all permits 2.	 Detailed piping and irstrantatlon Plow diagrams including utilities 

can he obtained	 in a realistic	 tinefrane which	 Is 3.	 Equipment sizes with specifications arsd materials 

consistent with the constrjction and o peration a.	 O y.rll	 clot plan and site characteristics 

schedule.
S.	 single	 linen 

S.	 Elevation drawings	 (Critical areas) 

A.0.1.2	 Indicate an awareness of.	 and planning for.	 any pending 7.	 Project schedule based on quoted deliveries and nit, conditions 

rusts and regulations.
I.	 Costs for bulk materials fron preliminary takeoffs and labor derived by 

manhours and rat., 

4.1.1,3	 Indicate by skill	 Category the naer of construction 9.	 total installed cost from materIals/equIpment Quotas Plus cunntrsction 

and operations enloyees required.
estinates to construct 

Level	 It/Ill design means tiles the design Is of at least Level	 III for units 
4.8.5.4	 ShOne that an adequate labor force 	 ii. or will	 be,

containing key conversion technologies, process units	 using technologies not 
available and the source of such labor fort..

previously demonstrated in Carc al operations and process and off-site 

units not readily	 •otrapolated with respect to size or operating conditions 
A,e.1.5	 Identify Project iactn on public service,,	 roads.

from nrenlous enperience with the balance being at least Level	 It design. 
transportation, housing and other infrastructure in

APPENDIX C 
nearby canities, and indicate what litigation

COST ESTIMATE REQUIREMENTS 
measuren are a poropriace and how such measures will be 

inolemented.	 Identify what consultation has taken A.	 Direct Capital Casts 

Place with state and local agencies regarding Sub. 
I.	 Process Facilities	 (gum.	 Mtl.	 Labor Contr. Total 

socioeconomic inoact and mitigation.
a.	 (uubs yit,ms)	 $	 $	 S $ $ 
I.	 nuns	 5$	 IS 5 $ 
I.	 usnunn	 $	 $	 S $ 

A-11-2 E pa! nation Criteria d.	 unison	 5	 5	 S $ IS 
e.	 salons	 IS	 $	 S It 

The Corporation will, on a pass/fall basis.	 avaluate data
a.	 p rocess Support Fac. 

Provided in the Project Proposal perta sning to Project permits
a.	 uunsus	 s	 IS	 s '	 $ 

With respect to (I) whether all required permits (including an I.	 noun	 S	 $	 S S $ 
c.	 nnnuos	 It	 $ It $ 

environtal	 iepact statement if needed) 	 are identified. (2) 	
' 3.	 Mining Development 

tether the schedule for obtaining such permits Is clete and
a.	 saunas	 $	 s	 $ $ 

reasonable and (3)	 ether such schedule in consistent with that b.	 ns505u	 It	 S I S S 

Of the Project.	 IN addition, for ranking purposes, the a.	 Product Pipelines and Tankage 

Corporetion will evaluate the Project Proposal with respect to TOTAL DIRECT CAPITAL COSTS(ThE) $ 

(1) the degree of planning for any pending role, and C.	 Indirect Capital	 Costs 

regulations, (2) the degree of planning for an adequate labor I.	 field	 Indirect costs 

Porte for the construction and operation of the Project and (3) a.	 Field Labor (Typical	 cost	 cconant) e $
b.	 Temporary Facilities •	 Equip..	 Tools $ 

the degree of Identification of project-releted socioeconom ic C,	 Construction Misstatements S
d.	 Technical Services 

Iacts and the planning for their .1 tigation. e.	 *nnnnu S 

'

2.	 Engineering and M	 Office Costs 

APPEND IX I
a.	 Engineering and Design $ 
b.	 Project Management S 
C.	 Technical Service	 ' ,$ 

DEFINITIONOFFIMITI	 OF icytis II AMC III
d.	 snsnns $ 

3.	 Sales Tan capital 

Level It	 Is Characterized by: TOTAL INDIRECT CAPITAL COSTS (TIaMOC) It 

Preliminary process flaw diagrams and heat and material balances C.	 Other Sponsor' s costs 

2. Preliminary piping and Instrumentation
I.	 License ree/moyaltiel (Typical Account) S 

3. Preliminary	 jor equlnt list and sizes 2.	 Meal	 Estate $ 
3.	 Initial Spares Stock $ 

4. PrelimInary p lot plan 4.	 Initial Chemical & catelystn Stock S 
S.	 Start-up and Test $ 

S. minary Project schedule .	 Pre-operetnonal Costs $ 
1.	 Owner's Management Costs $ 

6. E quipment costs. Prom vendors and in-house estimates 5.	 Worting Capital $ 
. 9.	 Tanes IS 

1. Total installed cost from discrete Cost factors
10.	 Ennironntal/Pernits $
11.	 nnnsns $ 
12.	 nnnssn 

Level III	 is charecterized by: TOTAL OIlIER SPOIISOR • S COSTS $ 

I. Detailed process flow diagrams and detailed neat and material balances
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0. Sus. 

Total Direct Ca p ital Coin 
Total Indirect Capital Costs 
Total Other Sponsors 
Tot,) Capital Costs (1CC) 
ConE Inqancy
	 S 

Escalation Interest 

TOTAL As-SPENT PROJECT COST 

TYPICAL COST ACCTS
TOTAL PROJECT OPERATING COSTS 

Co.) (Feedstock Cost) 
Coal Transportation 
Electricity 
Water 
Ci,alca)i A catalyst 
wait. Disposal 
operating Labor
	

$ 
Palms eilanca Labor 
Maintenance Materials 
Licante. Royalties & Lttit Patntt 
Insurance and Takes 
GM Costs 
took
	

S 
000%

Sub-Total Operating Costs
	

S 

ly-Products Credits 

Total Operating Colt

APPENDIX p 

•EmlnesTS FM ILIC SIARtES 

A public sisary is required for the Project Proposal. The Public sry 

should be a physically separate narrativa discussing key features of the 

Project. Proprietary or other data that art confid.ntial should not be 

Included In the public sary. 

I. SIS0! IDEJTIFICATOOU 

A. aa. address of sponsor(s). 

I. tesponisible official, (list a? key iodividuals responsible for 

Project). 

II. PROJECT LocATIM 

A. Address (clatt to the County And tCNnteal I 

G. Site (general description Including distance From nearest total Or 

population center). 

oil. PROJECT STAIT-OP AMa CPLETEM DATES 

IV.	 PROJECT OVERVI EW 

A. Ramed of teculnology. 

B. Process inputs And feedstocks ( indicate ien.ra I source) 

C. water raquirtoents (units/day). 

0. Production ca pacity by .odulas • if appropriate: products and 

by-products axpressad (quantitlal and typo in units/day and in 

Cot/day) 

E. waste sat.1411 (quantitiol 1114 typos In units/days). 

F. Major uuibcontract pr, involved by areas of responsibility. 

V.	 MIS) OP FINA*IA& ASSISTNOCE RIotIESTIP

Vt.	 suaa, Of SPSOR' S(5) ANALYSIS OF ENVIRNTAL MO SOCIOEC ONOM IC 

IMPACTS ASSOCIATED WIN THE PROPOSED PROJECT 

A. Status of anvironantal iact itatsent (if any) for Project. 

I. Status of applications for state and local pertits rtqui red for 

construction and operations (Includa list of State 

agencios/officials Contacts). 

C. Projected construction and operations taos'S force requirements and 

schedule for the Project (Include p44k Construction work font and 

estiaatad year of occurranca). 

I.	 (tInata of skilled and unskilled work force during 

construction and operation. 

2. Typos of skills to be acloyad. 

3. Mousing and transportation availability for wort.r,. 

0. Eitiaatad new population (t.eporary and Pursue nent) of affect"

counties as a result of Project construction and operation. 

All •Icrofi icing of the Project Proposal stoaT I At done on 105 an 0 lii - 

aicroficile. 

E.l	 toni ficatipas 

A aster copy ohall S produced by pbotocraphing all peqal of tilt 

Project Proposal. poc qts still be pbotographad at a 24 to 1 

reduction ratio by the usa of a •icroficha caten with a titter 

attaclnt to provide a Type I. Class I altar negative. The amter 

Copy Small to produced in accordance with tilt National Nicrofi a 

Association (A) standards laSS-1e75. as 	 nded or clarified by the 

following: 

E.1.1	 Trades Site - 12.5 * 10- (grid area) 

E.1 .2 Clear $pacing baten pracs - 0.5 AND horizontal and vertical. 

Resolution - Master copy 5511 have a resolution not Its, than 151.2 

lines per ailliter (Target No. hi. CBS Resolution Test Chart. 

1363). woen reduced 24 to I. 

Archival Characteristics - Master Co py shall .eet de parican Standards 

AssocIation archival quality requi rnti. as notcif tad in AU 

Standards Pal. 21-1357 • •Spaci I icatioihl for PhotographIc Film for 

P.naanent Records—. PIll .31 -lt5. aethod for deteraining tilt' 

Thisulpihata Content of Processed Black and Idli ta Photographic File and 

Plates'. or the latest issue of these standards. 

Title Area - Tilt aicroficila header, or title area, shall consist of a 

short p ro j ect naae and tile date of the document's tubaiss son to the 

Corporation (Smith and year). list polarity of the header small be 

black on tall te. or black on a contrasting band of color. asCent red. 

woicil indiCates confidential infor.ation. 
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E.2	 Confidentiality Mart Inn for -public Inforset I og' Cut I er1
	

Cuaeainatlon Loan Guarantee and Price Guarantee: 

* confidentiality target should be filiaq In place Of those Pages or
	

The cnination of asssstasce involving 5 Loan Guarantee and a Price 

port ion, of the p roposal deeeed of a proprietary nature • indicating
	

Guarantee including the terms in Section 2.3 of the Solicitation. 

15110cr of pages and describing the infOnhation content. ihii 

information should appear on eye-readable targets on the fiche. 	 tOE: 

(.3	 Confidentiality Mar51 nIl for toea let. p r000sa I 

MaterIals and Generic Bescriotio,sV 

Confidentiality should be clearly Indicated 05 the microfiche as 

follows: 

(.3.1	 rile bactground header should be a red stripe, with the word 

'CONFIDENTIAL' in all tapitalu and at least 1/4 inch high. 

£3.2	 If any fiche includes confidential infoneation, it should be 

SO indicated on the second traee of the tithe (right after the 

first evaluation test target). If the docant requires 

filning beyond the first piece of fiche. or continual to any 

subsequent fiche, the last fre 	 should indicate that with a 

note, such as 'Continues CONFIDENTIAL.- 

1.4	 Ceoles of N y c rot 1cM he be S'i tted as Pert of project Proposal 

(.4.1	 Of clete proposal, with CONFIO(MTt*L displayed on header, 

and confidential indicated within the proposal: 

E.4.1 .1	 sjj original nester eicrofiche - 101 nee s 148 

E.4.1 .2	 Qflj direct ige silver diet. copy 

(.4.2	 Of public infornetion copies: 

£42.1	 gflj original miter eicroflcne ' 105 las 148 na 

£.4.2.2	 EbOE direct image silver diazo copies 

*PP(CI* F 

DEFINED TEM USED CM flit SOLIcITArIOM 

Act:

The (nergy Security Oct. 

Agr,eeent(s): 

Contract(s) bet'aeen the Corporation and the Soonsor(1) for financial 

assistance to Project. 

Average Support Price: 

For any Synthetic Fuel Product the weighted an thmetic an of the 

Support Prices for such Product. 

Board of Directors: 

The Board of Directors of the Corporation. 

If the clete proposesteriels and generic descriptions contain no 
confidential information, the clete set and the public infonsation 
set are Identical; sowever, sets are requi red in the n'ern Specified 
below.

Crude all equivalent - equal to Si million htus per barrel based on 

higher heating value. 

Corporation: 

united States Synthetic Fuels Corporation 

Eligible Product: 

Any Synthetic reel Product or cination thereof meeting the 

specifications set forth in Section 1.4 of the Solicitation (and as say 

be earl precisely defined in the Agreant) produced trna the Synthetic 

Fuel lenoarce and said by the Project. Eligible Product shell in no 

event include any product used to operate or fuel the facility. 

Equity: 

Project capital representing funds invested in the Project by the 

Sponsorl 5) in exchange for on.eserjhip or profit Interests. eeather 

Project capital representing the proceeds of the isivance of 

indebtedness by the Project, or secured. directly or indirectly, by 

Project assets. nor Project capital representing property sub j ect to 

leases, shall be dead to constitute Equity. 

Evaluation criteria: 

The criteria identified in Aopeodi' A on the basis of which the Project 

Proposals are eveluated. 

Guaranteed Debt: 

Indebtadlhess guaranteed by the corporation which is issued to fund 

Project expenditures by (a) true Project or (b) in the case of a Joint 

Venture wher, less than all Joint venturers have been awarded loan 

guarantee Assistance . by Joist Venturers that have been awarded Such 

financial assistance. 

Joint Ventare: 

An entity organized under lute law to oeai and operate the Project, in 

which each individual Sponior holds an undivided interest in the Project 

assets. 

Joint Venturer: 

A Sponsor that is a Shedder of a Joint Venture. 

Level II, i,evel Ill, and Level li/UI: 

The anings of thene tersas ar, given in Aapendia I of the Solicitation. 

Loan Gaarantee:	 - 

fht guarantee of • or caint to guarantee, indebtedness • which Ii 

lade under Section 133 of the Act end includes the teres indicated in 

Section 2.2 of the Solititation, 
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Solicitation: 

This solicitation for Projects to oroduce Synthetic Fuels by Mining and 

Surface Processing Tar Sands issued on the date set forth on the first 

net of this Solicitation. and any Appendices and aeendaents hereto. 

Market Price! 

The aunt for any Synthetic Fuel Product determined in accordance with 

Section 2.1.3 of the Solicitation. 

Maninsum Corporation Lianility: 

The meoi	 aawant in as-s pent dollars of corporation liability under an 

assistance contract. 

Price Guarantee: 

Th. guarantee of. or ccnnitint to guarantee. the price retained or to 

he received by a conc.rn frn the sale of synthetic fuel. Such tens 

Includes only a guarantee, or coitaeit to guarantee, which is aede 

under Section 134 of the Act, and includes the term, indicated in 

Section 2.1 of the Solicitation, 

Price Guarantee	 unt: 

The meaning of this tens shall be as given in Section 2.1.4 of the 

Solicitation. 

Price Guarantee Period: 

The mining of this term stain he as given in Section 2.1.1 of the 

Solicitation. 

Product: 

Synthetic Fuel Product. 

Progrstic Criteria: 

Tue Criteria identified in Section 4.2.1 of the Solicitation aqainis 

which the ,rnlratic value of the Project it evaluated. 

Project: 

Under Section 112(11) of the Act, any facility using an integrated 

Process or processes at a specific geographic location in the United 

States for the purpose of cart 1,1 production of synthetic fuel and 

otherwise meeting the specification. of Section 1 of the Solicitation. 

Project Cost Estimate: 

The estited cost for the Project submitted as Dart of the Project 

Progonai as any be revised and during negotiations - 

Project Proposal: 

The Proposal submitted pursuant to Section 4.1 of the Solicitation. 

Re, enueProfit Sharing Amount: 

under a Orion Gaoarantee or a Cinatieao Loan Guarantee and Price 

Guaraste., payments to be mile in accordance with Section 2. i .5 of the 

Solicitation to the Corporation by the Project or. in the case of 4 

Joint venture in which less then all of the Joint venturers sane been 

awarded Price Guarantees or a Cisation Loan Guarantee and Price 

Guuar,nte., by the Joint venturers angrded such Price Guarantees or 

Combination Loan Guarantees and Price Guarantees.

Sponsor(s) 

The concern(s) undertening the design, construction, start-up and 

Operation of the Project and its (their) affiliates. 

Sponsor Capital 

All Project capital exclusive of the proceeds of Guaranteed pelt. 

Start of Ooerations: 

That first date after (i) mechanical cletion and cisslening of the 

Project facilities • (ii) comoletion of pre-operationsal testing with 

feedutocb • and (iii) facilities sane been In operetion and the Synthetic 

Fuel eesource it first introduced to the system. 

Support Price: 

Tlse ampanim, of this ten shell be as give. in Section 2.1.2 of the 

Solicitetion. 

Synthetic Feel Product: 

My product onatin IN specifications sat forth in Sections 1.4 of the 

Solicitation. 

Synthetic Fuel eesoerce: 

The ening of this term shall be as given in Section 1.1 of the 

Sol ic etatiom.

ID., 
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