
Q3050/3 

I t1ftX 

syntflctic 

fuels ® 

OIL SHALE	 0	 COAL	 0	 OIL SANDS 

VOLUME 25 - NUMBER 1 - MARCH 1988 

QUARTERLY 

T Isli Ertl Repository 
r Lakes Library 

i School of Ms 

© THE PACE CONSULTANTS INC. 

®R.g . U.S. P.I. OFF.



Pace Synthetic Fuels Report Is published by The Pace Consultants 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 Con-
sultants Inc. 

The Pace Consultants Inc., has provided energy consulting and engineering 
services since 1955. The company experience includes resource evalua-
tion, process development and design, systems planning, marketing studies, 
licensor comparisons, environmental planning, and economic analysis. The 
Synthetic Fuels Analysis group prepares a variety of periodic and other 
reports analyzing developments In the energy field. 

THE PACE CONSULTANTS INC. 
SYNTHETIC FUELS ANALYSIS 

LII Ft-I I [	 :4i) bill! 

Jerry E. Sinor
Pct Office Box 649

Niwot, Colorado 80544 
(303) 652-2632 

BUSINESS MANAGER 

Ronald L. Gist
Post Office Box 53473
Houston, Texas 77052

(713) 669-8800
Telex: 77-4350



CONTENTS 

BIGULIGHTS	 A-i 

I. GENERAL 

Oravo Drops Energy-Related Engineering Businesses	 1-1 
Dresser to Buy M. W. Kellogg 	 1-i 
Lewin Merges With ICF	 1-i 

GOVERNMENT 

DOE Morgantown Sets Research Needs	 1-2 
New York ERDA to Fund Alternative Energy Projects	 1-2 
Administration Halves Fossil Energy Budget Request for 1989 	 I_a 

ENERGY POLICY AND FORECASTS 

EIA Predicts Slowing of Petroleum Demand in 1988 	 1-4 
Leading Indicators Show Strong Petroleum Price Upturn in the 90's	 1-4 
Long Wave Theory Shows Oil Prices to Follow Commodities	 1-7 
"Alternative Fuels" Report Examines Transportation Sector 	 1-8 
Uncertain Future Predicted for Oil Prices 	 1-10 

ECONOMICS 

World Bank Downplays Methanol Potential 	 1-14 

INTERNATIONAL 

Variety of Synfuel Projects Planned In South Africa 
USSR Slows Down Synthetic Fuels Efforts 	 1-17 
Japan Cuts Energy Demand Forecast and Research Budget 	 1-17 

ENVIRONMENT 

Texas Methanol Wins EPA Waiver for OCTAMIX 	 1-18 

RESOURCE 

Federal Land Budgets Up Slightly for 1988 	 1-19 
USGS Revises Outlook for Ultimate World Petroleum Resources 	 1-19 

RECENT GENERAL PUBLICATIONS/PATENTS	 1-21 

COMING EVENTS	 1-24 

SYNTHETIC FUELS REPORT, MARCH 1988



IL OIL SHALE 

PROJECT ACTIVITIES 

Ramex Drilling In Kentucky, Considers Israel 	 21 
SPP/CPM Plan 2,000 TPD Demo Plant for Stuart Deposit 	 21 
Unocal Shipments Reach 750,000 Barrels 	 2-2 

CORPORATIONS 

Oil Shale Research Under Way at Energy and Environmental Engineering Inc. 	 2-3 
Petrobras to Build Fluid Bed Oil Shale Boiler in '88	 2-3 
IGT Begins New Three-Year Program on Hydroretorting	 2-3 
Hartley Highlights Unocal Oil Shale Progress 	 2-4 
Solv-Ex Reports Progress on Oil Shale Process 	 2-6 

GOVERNMENT 

Effort to Increase Federal Funds for Oil Shale Falls Short 	 2-7 
DOE to Develop Advanced Oil Shale Mining Technology 	 2-7 

TECHNOLOGY

Union	 Patents	 Hot	 "Dry"	 Solvent	 Extraction	 Process 2-8 
Texaco	 Patents	 Solvent	 Pretreatment	 Process	 for Oil	 Shale Extraction 2-10 
Oil	 Shale Mechanical	 Properties	 Seen	 to Depend on Grade 2-11 
Ammonia Used	 as	 Supercritical	 Solvent	 for Oil	 Shale 2-13 
Mechanical	 Properties	 of	 Eastern Oil	 Shale Affected by Moisture 2-14 

INTERNATIONAL 

Brazil's	 Six	 Studies	 Israeli	 Shale 2-17 
SO2	 Absorption Efficiency	 of Rundle Shale Tested 2-17 
World-Wide Oil	 Shale Activities	 Summarized 2-19 

ENVIRONMENT 

ROD	 Issued	 for Wolf	 Ridge Nahcolite Mine 2-23 
Infiltration	 Into	 Spent	 Shale	 Piles	 Retarded	 by Hydration 2-24 

WATER

Addendum to	 EIS	 Issued	 for Rued!	 Round	 II	 Water	 Sales 2-28 
Colorado River Salinity Control	 Program Moving Ahead 2-30 
FWS	 Issues	 Final	 Recovery Plan	 for Colorado River	 Fish 2-31 

RESOURCE 

USGS	 Issues	 Bibliography of Green River Formation Geology 2-36 
Mini	 Bidding Contest	 for Utah Shale Leases Won by Lekas 2-36 
Alaskan Oil	 Shale Assayed at	 140 Gallons	 Per Ton 2-37 
USGS	 Issues Piceance Basin Encyclopedia 2-40 

RECENT OIL SHALE PUBLICATIONS/PATENTS 2-42 

STATUS OF OIL SHALE PROJECTS 2-44 

INDEX OF COMPANY INTERESTS 2-59

SYNTHETIC FUELS REPORT, MARCH 1988 



III. OIL SANDS 

PROJECT ACTIVITIES 

Esso Cold Lake Production Now 85,000 Barrels Per day	 3-1 
Gulf, CS Resources and Lasmo to Drill Horizontal Wells at Pelican Lake 	 3-1 
Suncor Oil Sands Plant Back in Partial Production	 3-1 
Shell Canada Moves Slowly on Peace River Expansion	 3-1 
Syncrude Expansion Activities Continue 	 3-2 
Sceptre Resources Completes First Horizontal Well at Tangleflags North 	 3-2 
Co-Op Upgrader to Provide Unique Refinery Configuration 	 3-2 
131-Provincial Upgrader Future Still Unsettled 	 3-3 
OSLO Group Undertakes New Site Evaluation	 33 
Mobil Expands Battrum Fireflood 	 34 
Amoco Canada Moves Toward Elk Point Expansion	 34 

CORPORATIONS 

Way Cleared for Amoco Acquisition of Dome	 3-6 
Carbotek Wins DOE Phase 11 Funding	 3-6 
AEC Expands Cold Lake Pipeline	 3-6 
Esso Plans Calgary Research Center	 37 
Nova to Buy Back Husky Shares	 3-7 
ORS Corporation Claims Success with Electromagnetic Well Stimulation 	 37 
IROC Reports Success with Electromagnetic Well Stimulation 	 3-8 

GOVERNMENT 

Continuing Resolution	 Provides	 $900,000	 for	 DOE Tar	 Sands	 Research 3-9 
DOE Opens Office	 of Geoscience Research 3-9 
DOE Report Addresses Research Needs 	 for Heavy Crudes 3_9 

ENERGY POLICY a FORECASTS 

Canada/United States	 Free Trade Agreement May Aid Oil 	 Sands 3-13 
10CC Hears Appeals	 for Greater Emphasis	 on EOR 
Imperial	 Chairman Sees	 Improved Outlook	 for Canadian 011	 Sands 3-15 

ECONOMICS 

Sun Estimates	 Refining Costs	 for	 Jet	 Fuel	 From Heavy Oil 3-17 
Ashland Reports Economics	 of Jet Fuel	 From Heavy Oil	 and Tar Sands 3-20 

TECHNOLOGY 

Bitumen/Water	 Emulsions	 Succeed	 In	 Pipeline Test 3-24 
Improved Horizontal	 Radial	 Drilling System Developed 3-24 
Acoustic Emissions Tested for Monitoring Steam Front 	 in Tar	 Sands 3-27 
Amoco Considers	 Solvent	 Extraction Process	 for	 Sunnyside Tar Sands 3-28 

RECENT OIL SANDS PUBLICATIONS/PATENTS 3-32 

STATUS OF OIL SANDS PROJECTS 3-35 

INDEX OF COMPANY INTERESTS 3-58

ill	 SYNTHETIC FUELS REPORT, MARCH 1988 



IV. COAL 

PROJECT ACTIVITIES 

Bidders for Great Plains Plant Identified	 4-1 
Energy International UCG Project Starts Racing the Clock 	 4-1 
Rocky Mountain I Test Completes Highly Successful 100-Day Burn 	 4-4 
Ohio Ontario Clean Fuels Project Report Sent to Congress	 4-6 
Appalachian Project to Prove Out KRW Gasifier 	 4-9 

CORPORATIONS 

Basin Electric Considers Bid for Great Plains Plant	 4-13 
Westinghouse Wins Funds to Scale Up Innovative Hot Gas Filter	 4-13 

GOVERNMENT 

DOE Issues Program Opportunity Notice for Retrofit Clean Coal Technology	 4-15 
Energy Department Seeks Coal Research Ideas From Universities	 4-16 
Congress Requires Notice From DOE Before Selling Great Plains 	 4-16 
Coal R&D Programs Get Increase for 1988	 4-17 
Public Meetings Give DOE Suggestions for implementing Clean Coal Technology	 4-18 

ENERGY POLICY AND FORECASTS 

West Virginia Congressman Promotes Methanol From Coal 	 4-20 

ECONOMICS 

BGL Slagging Gasifier Seen Most Economic for 1GCC 	 4-21 
GCC Power Plants to be Economical Source of CO 2 for EOR	 4-23 
FUC Superior to Gasification for Utilizing Great Plains Fines	 4-24 

TECHNOLOGY 

Voest-Alpine and Korf Patent Coal Gasifier iron Reduction Process	 4-28 
Coal Hydrogenation With Integrated Gross Oil Refining Yields improved Process 4-29 
P-CIG Process Shows Promise for Coal Gasification	 4-31 
Chemicals From Coal Subject of New Book	 433 

INTERNATIONAL 

Shanxi Plans Coal Conversion Plants 	 434 
More Details Released on Humphreys & Glasgow Process 	 4-34 
India Plans Horizontal Well for UCG 	 4-34 
New 200 TPD High Pressure Siagger Due at Westfield in 1988 	 4-34 
Construction of HTW Fluidized Bed Pilot Plant to Begin in 1988 	 4-36 
Ube Ammonia Plant Gasifies Variety of Coals	 4-38 
Twenty TPD Hydrogen-From-Coal Pilot Plant Being Built in Japan 	 4-40 
Texaco Coal Gasification Plants Planned Worldwide 	 4-41 

ENVIRONMENT 

Report From DOE Cites Environmental Benefits From Clean Coal Technologies	 443 

IV	 SYNTHETIC FUELS REPORT, MARCH 1988



RESOURCE 

Fort Union RCT Votes to Deactivate Coal Region 	 4-45 
Uinta-Southwestern Federal Coal Region Decertified 	 4-46 
Green River-Hams Region to Lease by Application	 4-46 
NCA Forecasts 1988 Drop-Off From Record Coal Production 	 4-46 

SOCIOECONOMIC 

Crow Coal Not Taxable by State of Montana	 4-49 

RECENT COAL PUBLICATIONS/PATENTS
	

4-50 

STATUS OF COAL PROJECTS
	

4-55 

INDEX OF COMPANY INTERESTS
	

4-92 

v	 SYNTHETIC FUELS REPORT, MARCH 1988



HIIJG fiTS 

Capsule Summaries of the More Significant Articles In this Issue 

Administration Halves Fossil Energy Budget Request for 1989 

The formal budget request sent to Congress for fiscal year 1989 cuts spending 
for fossil energy research and development by one-half as compared to	 1988 
funding levels. 	 Further details may be found on page 1-3. 

Leading Indicators Show Strong Petroleum Price Upturn In the 90's 

Petroleum Finance Company has created a unique set of leading indicators for 
the petroleum Industry. 	 As	 explained on page	 1-4,	 these	 indicators give an 
extremely strong indication of a large rise in petroleum prices In the 1990's. 

"Alternative Fuels" Report Examines Transportation Sector 

It was announced early last year that the United States Department of Energy 
had begun a study of alternative fuels for the transportation sector. The first 
section of that report has now been released (page 1-8) and is found to cover 
only	 alcohol	 fuels,	 compressed	 natural	 gas	 and	 battery-powered electric 
vehicles.	 - 

Variety of Synfuel Projects Planned in South Africa 

The	 Republic	 of	 South	 Africa	 is	 widely	 known	 to	 have	 the	 world's	 largest 
facilities for producing liquid fuels from coal. 	 However,	 other large projects 
are planned for converting offshore natural gas to liquid fuels and for extract-
ing	 syncrude	 from	 oil	 shale.	 These	 projects	 are	 described	 briefly on page 
1-16.

Texas Methanol Wins EPA Waiver for Octamix 

The United States Environmental Protection Agency has granted a Clean Air Act 
waiver to Texas Methanol Corporation for the use of an alcohol fuel blend 
known as OCTAMIX. Specifications for the blend are spelled out on page 1-18. 

USGS Revises Outlook for Ultimate World Petroleum Resources 

The United States Geological Survey has slightly increased its estimate of iden-
tified world reserves of petroleum, but decreased its estimate of undiscovered 
resources by approximately the same amount. As a result, the estimate of ul-
timate world resources remains the same. See page 1-19. 

Ramex Drilling In Kentucky, Considers Israel 

Ramex Syn. Fuels International, alter a successful field test In Wyoming, Is 
proceeding to install its In situ oil shale gasification process in Kentucky. A 
brief description of Ramex activities is given on page 2-1. 
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SPP/CPM Plan 2,000 TPD Demo Plant for Stuart Deposit 

Southern Pacific Petroleum and Central Pacific	 Minerals have	 announced plans 
to build a	 2,000 ton per day retorting demonstration facility at the Stuart oil 
shale deposit in Queensland, Australia. As reported on page 2-1, the retorting 
process will	 be based	 on	 the	 Taciuk Processor,	 developed	 by	 Unitar	 and 
AOSTRA in Alberta, Canada. 

Unocal Shipments Reath 750,000 Barrels 

Shale oil production from Unocal Corporation's Parachute Creek oil shale opera-
tions In Colorado reached 750,000 barrels In January (page 2-2). 

Petrobras to Build Fluid Bed Oil Shale Biller In 1988 

-Brazil's ---Petrobras--th-bthldlng a -pilot--scale- circulating--fluidized- -bed --combtor=-	 ----
for	 oil shale.	 The	 one	 ton per hour unit is	 expected	 to	 begin	 operation	 in 
May,	 1988.	 As described on	 page	 2-3, the	 unit	 will	 be	 tested	 on	 both 
retorted shale and raw shale fines. 

IGT Begins New Three-Year Program on Hydroretorting 

The Institute of Gas Technology has been awarded $6.5 million to carry out a 
new three-year program on hydroretorting of eastern oil shales. A brief 
synopsis of the program, which will Involve several other institutions, begins on 
page 2-3. 

Hartley Highlights Unocal Oil Shale 

Remarks by F. L. Hartley, Chairman and Chief Executive Officer of Unocal Cor-
poration,	 made	 at	 Massachusetts	 Institute of	 Technology,	 touch	 on the 
Parachute Shale Project.	 Portions of his talk are given on page 2-4. 

Soft-Ex Reports on Oil Shale Progress 

Solv-Ex Corporation has indicated that it plans to obtain funding in 1988 for a 
pilot	 scale	 demonstration of	 its Duo-Ex oil shale	 extraction technology. See 
page 2-6. 

Effort to Increase Federal Funds for 011 Shale Falls Short

The failure of the United States Congress to enact appropriations measures for 
fiscal year 1988 made it difficult to obtain increased funding for oil shale 
programs. A lobbying effort spearheaded by a tn-state (Colorado, Utah, Wyom-
ing) coalition had attempted to obtain an increase for western oil shale 
projects. The last minute continuing resolution passed in December included an 
Increase of approximately $1 million for the Department of Energy's oil shale 
programs, but it Is not clear how or if that money will be allocated 
(page 2-7).
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DOE to Develop Advanced Oil Shale Mining Technology 

A $1.5 million cooperative agreement has been signed between the United 
States Department of Energy and Alpine Equipment Corporation/Astro Interna-
tional Corporation to develop a water-jet-assisted mechanical miner for oil 
shale (page 2-7). Field tests will be carried out at a yet-to-be-determined 
site in Colorado. 

Brazil SIX Studies Israeli Shale 

It has been reported that Brazil's Petrobras has signed a contract with PAMA 
(Israel's state firm) to assess the use of the Petrosix Process on Israeli oil 
shales. See page 2-17. 

World-Wide Oil Shale Activities Summarized 

World-wide oil shale development activities were summarized in the American 
Association of Petroleum Geologists Bulletin on World Energy Developments. A 
condensation of the article appears on page 2-19. 

Infiltration Into Spent Shale Piles Retarded by Hydration 

It is widely recognized that some of the water entering a spent shale pile will 
react with and be bound by the shale. However, this effect was never ex-
plicitly considered when calculating possible rates of leachate formation. A 
paper by D. B. McWhorter (page 2-24) now shows how the rate of moisture 
migration through a spent shale pile will be affected. 

FWS Issues Final Recovery Plan for Colorado River Fish 

The Fish and Wildlife Service has issued its final Recovery Implementation 
Program for endangered fish species In the Upper Colorado River Basin. The 
plan, which will affect any future water developments in the oil shale area, 
calls for an up-front payment of $10 per acre-foot by any new water-
consuming project. See page 2-33 for details. 

Alaskan Oil Shale Assayed at 140 Gallons Per Ton 

Samples of oil shale from Alaska's northern Brooks Range have been assayed as 
high as 140 gallons per ton. As explained on page 2-37, these samples were 
obtained from an extremely remote area and probably do not represent an 
economically viable deposit. 

USGS Issues Piceance Basin Encyclopedia 

The United States Geological Survey has published a useful soft cover compen-
dium of overview papers on the oil shale resources of the Piceance Basin, 
Colorado. The table of contents for this volume is given on page 2-40.



Esso Cold Lake Production Now 85,000 Barrels Per Day 

Bitumen production at Esso Resources Canada's Cold Lake Project has reached 
85,000 barrels per day. By 1991, production is expected to be 139,000 barrels 
per day. See page 3-1. 

Gulf, CS Resources and Lasrno to Drill Horizontal Wells at Pelican Lake 

Ten horizontal wells will be drilled in a heavy oil reservoir at Pelican Lake, 
north of Edmonton, Alberta. Horizontal distances of up to 2,000 feet are 
planned, and may be converted to steam stimulation (page 3-1). 

Suncor Oil Sands Plant Back in Partial Production 

After a disastrous fire last October, Suncor's oil sands plant began partial 
production in January. Nearly full production of 55,000 barrels per day is ex-
pected to be regained in April (page 3-1). 

Shell Canada Moves Slowly on Peace River Expansion 

Early this year the Alberta Energy Resources Conservation Board approved Shell 
Canada's plan to expand Its Peace River production from 10,000 barrels per day 
up to 50,000 barrels per day. However, Shell says it is not yet fully com-
mitted to the $570 million expansion. See page 3-1. 

Syncrude Expansion Activities Continue 

When Syncrude Canada's current expansion program Is complete later this year, 
capacity will have been boosted from 130,000 barrels per day to 
150,000 barrels per day. Meanwhile, engineering is proceeding on a further 
expansion phase which would bring production up to 225,000 barrels per day. 
See page 3-2 for details. 

Sceptre Resources Completes Horizontal Well at Tangieflags North 

The first horizontal well in a Saskatchewan heavy oil reservoir has been com-
pleted by Sceptre Resources Limited at Tangleflags North. Steam will be in-
jected through vertical wells and heavy oil produced from the horizontal well 
(page 3-2). 

OSLO Group Undertakes New Site Evaluation 

The OSLO group, which has been considering a new oil sands mining and ex-
traction plant, began a new site evaluation program in the Kearl Lake region 
near Fort McMurray, Alberta. See page 3-3. 

Mobil Expands Battrum Pireflend 

Mobil Oil Canada has begun a $30 million program at the Battrum in situ wet 
combustion project in Saskatchewan. Production Is expected to be increased to 
2,500 barrels per thy. Details on page 3-4. 

A-4



Amoco Canada Moves Toward Elk Point Expansion 

Amoco Canada Petroleum Company has begun drilling new wells at its Elk Point 
project in Alberta. Production will be increased to approximately 8,000 barrels 
per day. However, Amoco will wait to see how oil prices hold up before put-
ting the wells on steam Injection (page 3-4). 

Way Cleared for Amoco Acquisition of Dome 

Final clearance has been given for Amoco Canada Petroleum Company to ac-
quire Dome Petroleum. Conditions for the acquisition, which has implications 
for Canadian oil sands development, are given on page 3-5. 

OHS Corporation Claims Success With Electromagnetic Well Stimulation 

The ORS Corporation's field test in the Wlldmere Field of Alberta, Canada is 
claimed to be a success. According to ORS, Its downhole heating device 
raised the well's production rate from 10 barrels per day to 40 barrels per 
day. Other plans by OHS are given on page 4-7. 

IROC Reports Success With Electromagnetic Well Stimulation 

International Royalty and Oil Company says its field test in Oklahoma was suc-
cessful (page 3-8). Production from the test well, which had been running 
seven barrels per day, was increased to 13 barrels per day over a period of 
one month. 

DOE Opens Office of Geosence Research 

The United States Department of Energy has opened an Office of Geoscience 
Research. The office is intended to help the petroleum industry develop im-
proved methods of enhanced oil recovery. According to DOE (page 3-9), one 
area of emphasis may be in three-dimensional reservoir modeling. 

Canada/United States Free Trade Agreement May Aid Oil Sands 

A position paper by Shell Canada Limited indicates that the bilateral Free 
Trade Agreement signed by the United States and Canada heads of state in 
January should have a positive effect on Canadian oil sands developments. The 
agreement is yet to be ratified by the United States Congress and the 
Canadian Parliament. A discussion of the potential advantages and disad-
vantages for Canada begins on page 3-13. 

Sun Estimates Refining Costs for Jet Fuel From Heavy Oil 

A final report has been Issued on Sun Refining and Marketing Company's work 
for the United States Air Force concerning the economics of refining heavy 
oils. A cost summary from the report is given on page 3-17. 
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Reports Economics of Jet Fuel From Heavy Oil and Tar Sands 

In a parallel effort to the Sun study reported above, Ashland Petroleum Com-
pany also investigated the economics of producing turbine fuels from tar sands 
bitumen and heavy oils. A final report on Ashland's work has been issued 
also, and conclusions are given on page 3-20. 

Bitumen/Water Emulsions Succeed in Pipeline Test 

The Transoll group successfully concluded its first round of field trials In Al-
berta to demonstrate the feasibility of pipeline transport of bitumen-in-water 
emulsions. As described an page 3-24, emulsions were produced at BP Canada's 
Wolf Lake project in Alberta and moved through an Alberta Energy Company 
pipeline to a terminal at Bonnyville. 

Improved Horizontal Radial Drilling System Developed 	 - -	 - - 

A system of hydraulically drilling multiple horizontal radials from a single well 
bore, originally developed by Bechtel, Is being commercialized by Petrolphysics, 
Inc.	 A description of current refinements to the system Is given on page 
3-24. 

Amoco Considers Solvent Extraction Process for Sunnyside Tar Sands 

Amoco Oil Company has considered a hydro cyclone -based solvent extraction 
process for the Sunnyside tar sand deposit in Utah. A description of the 
process is given on page 3-28. 

Bidders for Great Plaits Plant Identified 

Fifteen prospective purchasers submitted expressions of interest in buying the 
Great Plains coal gasification plant from the United States Department of 
Energy. These bidders are identified on page 4-1. 

Energy International UCG Project Starts Racing the Clock 

The underground coal gasification project proposed by Energy International has 
completed negotiations with the United States Department of Energy for funding 
assistance under the Clean Coal Technology Program. Construction Is under 
way in Wyoming, where the project will produce ammonia and urea. A key 
feature of the financial arrangements Is the need to be In production by 
December 31, 1989 in order to qualify for the alternative fuel tax credit 
which expires after that date. Details of the project are given on page 43. 

Rocky Mountain 1 Test Completes Highly Successful 100-Day Burn 

The Rocky Mountain 1 underground coal gasification test carried out near 
Hanna, Wyoming began burning in November, 1987, and carried out a highly 
successful 100-day burn. Two different UCG technologies were tested with 
horizontal boreholes, the extended linked well (ELW) concept, and the controlled 
retracting injection point (CRlF) concept. See page 4-4. 
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Ohio Ontario Clean Fuels Project Report Sent to Congress 

The coal/oil coprocessing plant proposed by Ohio Ontario Clean Fuels has 
qualified for funding from the United States Department of Energy under the 
Clean Coal Technology program. An abstract of the required report to Con-
gress describing the project is given on page 4-6. 

Appalachian Project to Prove Out KEW Gasifier 

The Appalachian Project will utilize the KRW gasifier In a coal gasification 
combined cycle installation. This project, described on page 4-9, is receiving 
funds under the Clean Coal Technology program, and will constitute a commer-
cial proof-of-operation for the KRW coal gasifier. 

Westinghouse Wins Funds to Scale Up Innovative Hot Gas Filter 

Westinghouse Electric Corporation has been awarded a new research contract to 
scale up an innovative ceramic cross-flow filter and test It on hot coal gases 
at Texaco's Montebello, California pilot plant. The filter will be fabricated by 
Coors Porcelain of Denver (see page 4-13). 

DOE Issues Program Opportunity Notice for Retrofit Clean Coal Technology 

The United States Department of Energy has issued a Program Opportunity 
Notice for cost-sharing projects to demonstrate clean coal technologies that 
are capable of retrofitting and repowering existing coal burning facilities. The 
solicitation, described on page 4-15, is open to all market applications of in-
novative clean coal technologies that can lead to reduced emissions of sulfur 
oxides and/or nitrogen oxides. 

Coal R&D Programs Get Increase for 1988 

The three-month-late continuing resolution for fiscal year 1988 spending 
resulted in an overall increased budget for coal-related programs in the 
Department of Energy. As detailed on page 4-17, a total of $233 million was 
voted, in comparison to $203 million in fiscal 1987. 

BIG Slagging Gasifier Seen Most Economic for 10CC 

A site-specific study by Bechtel National sponsored by the Electric Power 
Research Institute, investigated the merits of combining the British Gas/Lurgi 
slagging gasifier with an advanced gas turbine at Virginia Electric and Power 
Company's Chesterfield power station. The study, summarized on page 4-21, 
noted economic advantages for such a system. 

0CC Power Plants to be Economical Source of CO2 for EOR 

According to an analysis carried out by Fluor Technology for the Electric 
Power Research Institute, gasification combined cycle power plants will be an 
extremely economical source of carbon dioxide for use in enhanced oil recovery 
projects. See page 4-23 for details.
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FBC Superior to Gasification for Utilizing Great Plains Fines 

The Great Plains coal gasification project would like to utilize lignite fines in-
stead of liquid byproducts for generating the plant's process steam require-
ments. This would free up the liquid byproducts for sale as higher value 
products. A study by Steams Roger shows that a new fluidized bed combus-
tion boiler would be more economical than installing a gasifier to supply fuel 
gas to the existing liquid-fired boilers (page 4-24). 

P-CIG Process Shows Promise for Coal Gasification 

The Pressurized Coal Iron Gasification process Is based on the injection of pul-
verized coal and oxygen into a molten Iron bath at above atmospheric pres-
sure. A progress report on the process Is summarized on page 4-31. 

-	
Shanxi Plans CoalC ye	 Pit 

As reported on page 4-34, Shanxi Province in China is said to be negotiating 
with foreign investors to build several large coal liquefaction and chemical 
factories in the province. 

New 200 TPD High Prire Slagger Due at Westfield in 1988 

A 200 ton per day experimental high pressure slagging gasifier of the British 
GaslLurgi design is being installed at the British Gas Westfield Development 
Centre in Fife, Scotland in 1988. A description of slagging gasifier develop-
ments is given on page 4-34. 

Construction of 11Th Fluldized Bed Pilot Plant to Begin in 1988 

A new 6.5 ton per day pilot plant is being built by Rheinische Braunkohlen-
werke AG to demonstrate operation of the High-Temperature Winkler process at 
a high pressure level of 25 bar. See page 4-36. 

Ube Ammonia Plant Gasifies Variety of Coals 

The Texaco gasifier facility operated by Ube Ammonia Industry Company Ltd. 
has been operated successfully on coals from Canada, Australia, South Africa 
and China. A description of the operation is given on page 4-38. 

Twenty TPD ilyckogen-From-Coal Pilot Plant Being Built In Japan 

A new Japanese organization, the Research Association for Hydrogen from Coal 
Process Development, is planning a 20 ton per day pilot plant for operation in 
fiscal year 1990. The gasifier will utilize a two-step spiral flow design, as 
presented on page 4-40.
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CORPORATIONS 

BRAVO DROPS ENERGY-RELATED ENGINEERING 
BUSINESSES 

Bravo Corporation, which has been involved in en-
gineering a number of synthetic fuels projects In the 
past, is selling all its operations except for the 
profitable natural resources business. 

The company estimated that the restructuring, 
coupled with other factors, will result in a fourth-
quarter charge of $20 million to $30 million. 

After that, Dravo--which posted an operating loss 
for the first nine months of 1987--said it hopes to 
return to the black, buoyed by sales of limestone. 

The chairman and president, W. G. Roth, said Drove 
no longer has a competitive advantage in engineer-
ing. He cited its recent financial difficulties from 
designing and managing waste-to-energy recycling 
plants. 

Under terms of the restructuring, the company will 
shed the six businesses that make up its engineering 
and construction group. Jacobs Engineering Group 
Inc., Pasadena, California, will buy four of them: 
Gibbs & Hill Inc., and New York-based unit; Drove 
Engineering Companies, which operates from Pitts-
burgh and Atlanta; Pittsburgh-based Drove Construc-
tors Inc.; and Weyher/Livsey Constructors Inc., At-
lanta. 

Dravo Energy Resources Inc. and Drove Facilities 
Management, the units responsible for the waste-to-
energy plants, will be sold to Westinghouse Electric 
Corporation, Pittsburgh, 

In addition, Drove said an agreement in principle has 
been reached for its Drove Automation Sciences 
Inc. to be sold to the unit's management. The com-
pany said it is still seeking a buyer for Bravo 
Wellman Company, a materials handling unit. 

The natural resources group sells a proprietary lime-
stone compound used to scrub stacks of coal-fired 
power plants. 

To bolster that business as well as help sales of in-
dustrial limestone to the steel and chemical in-
dustries, Bravo also announced that it plans to ac-
quire a Kentucky limestone quarry and distribution 
facilities in Tennessee and Louisiana from Cyprus 
Minerals Company.

DRESSER TO BUY N. W. KELLOGG 

The M. W. Kellogg Company, a company heavily in-
volved in synthetic fuels projects, has been sold by 
its parent, the Henley Group. 

Dresser Industries, a Fortune 500 company with more 
than $3.5 billion in sales in 1986, announced the ac-
quisition in January. 

Projects described in this issue of the Pace Syn-
thetic Fuels Report which involve Kellogg and its 
subsidiary KEW Energy Systems include the Ap-
palachian Project, a coal gasification combined cycle 
project being assisted under the Clean Coal Technol-
ogy Program, the Fularji low-BTU gasifier project in 
China, and the Cape Horn methanol project in Chile. 

LEWIN MERGES WITH ICF 

Lewis and Associates Inc., a Washington based energy 
consulting firm that has conducted several studies re-
lated to enhanced oil recovery (EO R), has agreed to a 
merger with ICF Inc. which specializes in the energy 
and health care fields. 

Some of Lewis and Associates' recent work has in-
volved impact studies on state and federal tax 
benefits for EO ft operations. The studies have been 
conducted at the request of the interstate Oil Com-
pact Commission, the Energy Department and oil 
producing states. 

The merger of the two corporations should result in 
the largest consulting practice in the energy field ac-
cording to ICF. 
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GOVERNMENT 

DOE MORGANTOWN SETS RESEARCH NEEDS -	 Identifying	 basic advancements	 in	 alternative 
solid oxide fuel cell configurations. 

The	 United	 States	 Energy	 Department's Morgantown 
Energy	 Technology	 Center	 (METC) issued	 a	 list	 of -	 Identifying basic tubular	 solid oxide	 fuel	 cell 
areas of research and development it is interested in advancements. 
pursuing in the future.

The list contains several synthetic fuels related sub-
jects including: 

- Evaluation of liquid byproduct from coal
gasification as candidates for diesel fuels. 

- Design and construction of a bench-scale 
fluidized bed reactor for testing of various 
mixed-metal oxide sorbents to remove con-
taminants at high temperatures and pressures. 

- Researching ways to increase the physical 
durability and chemical reactivity of new, 
high-temperature desulfurization sorbents for 
testing. 

- Evaluation of ceramic membrane theory, 
manufacturing and applications for nonsorbent 
chemical control. Work will include develop-
ment of the basic theory of gas separation 
at temperatures greater than 1,200 0 F and 
pressures greater than six atmospheres with 
ceramic membranes, and of manufacturing 
techniques to make ceramic membranes for 
fossil energy applications. 

- Development of gas separation techniques 
using inorganic membranes at high tempera-
tures and other extreme conditions of fossil 
energy conversion processes. These 
membranes have the potential of improving 
the economics of coal conversion processes 
by significantly reducing gas cleanup separa-
tion costs. 

- Bench-scale testing of ammonia removal 
processes to eliminate fuel-bound nitrogen in 
the gas stream from a coal gasifier at 
1,200-1,600 0 F by preventing NO, formation 
downstream.	 Concepts include catalytic 
decomposition,	 staged catalytic combustion
and chemisorption of zeolites. 

- Expanding the technology base for surface 
coal gasification by looking at areas of 
technology uncertainty and assessing new 
ways to improve system performance. The 
work will include fundamental research to in-
vestigate coal science, chemistry, gasification 
mechanisms, gas separation and upgrading. 

- Development of a reference resource bank of 
tar sands feedstocks for laboratory-scale 
physical simulations of surface and in situ 
extraction processes.

- Identifying basic molten carbonate fuel cell 
technology. 

- Identifying basic phosphoric acid fuel cell 
base technology. 

- Providing information about current methods 
of utilizing and disposing of coal wastes and 
evaluating their applicability to emerging coal 
conversion technologies. 

NEW YORK ERDA TO FUND ALTERNATIVE ENERGY 
PROJECTS 

The New York State Energy Research and Develop-
ment Authority (Energy Authority) Is establishing an 
Alternative Energy Development Program designed to 
encourage energy consumers in New York State to 
improve the efficiency of their energy use and to 
reduce their requirements for conventional fuels and 
electricity. To accomplish this goal, the program 
will provide technical assistance and 50 percent 
matching grants to study the feasibility of im-
plementing certain energy-saving improvements in in-
dustrial, commercial, governmental, institutional, and 
residential settings.	 Measures that qualify for con-



sideration include cogeneration, other new, energy-
efficient electric generation technologies, district 
heating systems, alternative fuels and alternative 
sources of energy. 

This program was made possible by a 1987 State law 
appropriating more than $80 million in recovered oil 
overcharge funds for a variety of energy-related 
programs in New York. 

The matching grants are limited to no more than 
$25,000, except that up to $500,000 may be awarded 
in a limited number of cases. 

The ultimate aim of the program is to reduce the 
cost of energy to consumers in New York State and 
to limit the State's vulnerability to possible short-
falls in world oil supply by encouraging the use of 
alternative energy sources in New York. 

The applicant must provide a matching share of at 
least 50 percent of the project's cost. Services in 
kind are acceptable as potential cost-sharing. 
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ADMINISTRATION HALVES FOSSIL ENERGY BUDOFF 
REQUEST FOR 1989 

The United States Department of Energy (DOE) sub-
mitted a proposed budget for fiscal year 1989, in 
which fossil energy research and development funds 
are cut to one-half the level Congress approved for 
1988. 

The proposed budget is asking for $167.99 million for 
fossil energy research in fiscal year 1989, compared 
to the $326.98 million Congress approved for fiscal 
year 1988. 

As in years past, the biggest losers were mag-
netohydrodynamics, underground coal gasification, fuel 
cells and surface coal gasification. DOE's Clean 
Coal Technology (CCT) program, which is included in 
a separate category, fared better. The CCT program 
escaped intact with a level of $525 million which 
Congress approved In advance. Further, DOE asked 
Congress to commit itself to spending the rest of 
the $2.5 billion President Reagan asked for last 
March for an expanded CCT program as outlined in 
the Lewis/Davis acid rain report. In its fiscal year 
1989 request, DOE is asking Congress to appropriate 
the remaining $1.8 billion in fiscal year 1990-1992. 

The DOE's overall budget, including defense and en-
vironmental	 programs,	 increased	 by
13 percent--largely as a result of adding funds for 
the superconducting supercollider project, the CCI 
program and a program to accelerate the fill rate 
of the Strategic Petroleum Reserve. 

The proposed Fiscal year 1989 budget for fossil 
energy Is compared to the current budget for fiscal 
year 1988 in Table 1.

TABLE 1 

PROPOSED DOE FOSSIL ENERGY BUDGET 
(In Millions) 

FY 1988 FY 1989 
Actual Request 

Coal 
Control Tech. A Coal Prep. 43.6 31.5 
All & ID 24.9 21.4 
Coal Liquefaction 27.1 10.3 
Combustion Systems 25.2 17.4 
Fuel Cells 34.2 6.6 
Heat Engines 17.9 9.0 
UG 2.8 0.3 
Magnetohydrodynarnics 35.0 0.0 
Surface Gasification 23.0 5.0 
Total Coal 233.8 101.5 
Total Petroleum 29.5 20.2 
Total Gas 10.5 1.7 
Program Direction & 

Plant & Cap EqulpiEnt 80.3 35.5 
Cooperative Ventures 0.0 9.0 
Subtotal, Fossil Energy R&D 354.1 168.0 
Clean Coal Technology 
Round 1 149.1 0.0 
Round 2 50.0 525.0
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ENERGY POLICY AND FORECASTS 

flA PREDICTS SLOWING OF PETROLEUM DEMAND	 LEADING INDICATORS SHOW STRONG PETROLEUM PRICE 
IN 1988	 UPTURN IN THE 90'S 

The	 United	 States	 Energy Information	 Agency's	 (lilA) The	 end of	 the petroleum industry's 	 downturn	 is	 in 
new	 Short-Term Energy Outlook	 says	 that	 United sight	 and Is	 likely to	 be	 reached sometime	 between 
States petroleum demand will grow by less than one 1990	 and 1992.	 In	 the	 meantime	 there	 is	 a	 high 
percent	 in	 1988, or	 by about	 140,000	 barrels	 per probability that	 real	 crude	 oil prices will	 fail to	 an 
day.	 Though well	 below	 the	 increase	 of	 about average of $13	 to	 $15	 per	 barrel	 (1986	 dollars),	 ac-
560,000	 barrels per day in	 1986,	 it	 would	 be	 the cording	 to	 a	 report	 recently	 released	 by	 the 
third consecutive year of growth In demand. Petroleum Finance Company.

World oil prices are expected to fall to 
$16 per barrel because of high stock levels 
worldwide. Oil prices should then rise to 
$18.00 by the third quarter of 1988, as 
stocks approach more normal levels. By the 
first quarter of 1989, prices are expected to 
reach $19 per barrel and remain at that 
level throughout the second quarter. 

- In 1987, relatively high growth in industrial 
output and a warm summer combined to in-
crease electricity generation by about three 
percent above year-earlier levels, the largest 
Increase in several years. Expected slower 
growth in industrial output and a return to 
normal weather, however, should slow genera-
tion growth significantly, to around one per-
cent between 1987 and 1988. 

Total domestic coal consumption should 
remain fairly constant during 1988, following 
a significant jump in coal use in 1987. Most 
of the increase in 1987 corresponded to 
higher than normal peak summer demands for 
electricity. Coal exports should continue 
declining through 1988, as competition from 
other exporters intensifies. 

Total demand for natural gas should rise 
slightly to almost 17 trillion cubic feet In 
1988, in contrast to last year's estimated 
rebound of four percent. Demand growth in 
the residential and industrial sectors is ex-
pected to more than offset declining electric 
utility use of natural gas.

These conclusions, as reported in Petro-Finance's 
semi-annual Petroleum Industry Indicators, are based 
on the most recent developments in Petro Finance's 
Index of Leading Indicators of the Petroleum In-
dustry. The Indicators rose sharply In 1987 (one 
percent), following an even sharper increase in 1986. 
The two percent gain in 1986 was the largest one-
year gain in the index in any year in the last cen-
tury. According to Petro Finance, this shift in the 
index of leading indicators is unambiguous, reflecting 
a general and broadly based increase in a clear 
majority of the eight components of the composite 
index. Following three years of stagnation (1982-
1984) and a very modest gain of only one-half per-
cent in 1985, a future turning point in the industry 
is clearly indicated. 

The world petroleum industry has thus entered a 
crucially important period of transition in the cycli-
cal downturn that began in 1981. Over the next 
three to five years the market pressures responsible 
for the petroleum industry's cyclical peak in 1981 
and the current industry downturn will continue to 
depress the petroleum sector. But, the Washington 
D.C. advisory firm notes that over the next five 
years these pressures will dissipate and eventually 
reverse, culminating in a shift from industry con-
traction to expansion. 

Based on the increase in the leading indicators in 
1986 and 1987, a doubling of real crude oil prices 
by the peak of the next expansion can already be 
foreseen. The report concludes that this tentative 
projection will most probably be revised upward sig-
nificantly in the next two to three years as the ef-
fects of the industry cutbacks in 1986 and 1987 are 
fully realized. Real crude prices will rise sharply 
after 1990-1992. Real crude oil prices in the range 
of $29 and $46 (1986 dollars) are probable by the 
peak of the industry's next expansion early in the 
next century. 

The Petro-Finance report indicates that the next 
three to five years present a window of opportunity 
for the industry that is analogous to the period of 
1965-1970. A company that embarks on an aggres-
sive program of acreage acquisition and exploration 
under favorable fiscal terms, with reduced up-front 
costs and commitments, will have a substantial pay-
out when new discoveries are brought to market in 
a cyclical upturn with rising prices. 

Forecasts reported in the Short-Term Energy Outlook 
show crude oil production falling at a rate of be-
tween one and two percent. As a result of this 
decline and the slow growth rate in petroleum 
demand, petroleum imports should equal 36 percent 
of petroleum demand in 1988, up slightly from last 
year, but still well below the high In 1977. 

Other highlights from the Outlook's base case 
scenario: 
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Petro-Finance's leading indicators are based on 
methods pioneered in research on the general busi-
ness cycle. They Include a composite index of eight 
leading indicators that tall into three general 
categories: measures of market concentration, 
capacity utilization and relative levels of industry 
effort to maintain capacity, and demand-side pres-
sures on the market. The resulting weighted com-
posite index of leading indicators is a powerful pre-
dictor of the industry's cycle, with an average lead 
time of seven years as tested over eight turning 
points in the industry cycle since 1900. The in-
dicators have proven to be extremely reliable in an-
ticipating turning points in the Industry's cycle, as 
well as the duration and magnitude of cyclical ex-
pansions and contractions. 

Confidence in this projection is significantly in-
creased by several factors. First, the 1986 increase 
in the leading indicators was general and highly dif-
fused. It was not the result of very large changes 
In only a small number of the leading indicators. 
More specifically, for the first time since 1976, a 
clear majority of the leading indicators rose sig-
nificantly. Second, after steady and rapid growth 
throughout the period since 1976, the composite in-
dex of lagging indicators fell significantly for the 
first time in 1986. The lagging Indicators reflect 
and indirectly measure the magnitude and direction 
of change of the market adjustments that are, ul-
timately, responsible for each turning point in the 
Industry cycle. As such, the lagging indicators have 
provided a valuable benchmark for identifying the 
transitional period in each phase of the industry 
cycle. 

Two other, more subjective but equally important, 
factors contribute to confidence in the assessment 
that the 1986 and preliminary 1987 results signal an 
approaching reversal in the industry cycle. First, 
the performance of the leading indicators in project-
ing the timing and amplitude of the current industry 
downturn has been Irreproachable. Second, the in-
dustry reaction to events since 1981 and especially 
to the events of 1986--sharp reductions In explora-
tion and production activity, particularly exploration, 
increased emphasis on acquisitions and short-term, 
quick payout projects, and a process of rapid but, 
as yet, incomplete dismantling of major portions of 
the capacity In the contract drilling and oil service 
industries --signalsa strategy of depletion that, once 
begun, can be reversed only slowly and at great 
cost. 

The end of the current industry downturn is in 
sight, but not yet at hand. At this time, the indi-
cated date of the next industry expansion is in the 
first half of the next decade and most likely will 
occur in the period from 1990 through 1992. In the 
Interim, there Is considerable risk that real prices 
will fail to the $13 to $15 per barrel range in 
1986 dollars. 

Based on the observed increase in the leading in-
dicators in 1986 and the preliminary estimate for 
1987, a doubling of real price by the peak of the 
next expansion is already Indicated. 	 This is consis-

tent with an approximately 6.6 percent average an-
nual rate of real price growth after the market 
turns in the early 1990's. There Is every reason to 
believe, based on the industry reaction to current 
market conditions and past patterns displayed by the 
Indicators, that this estimate will be revised upward 
substantially in future issues of this report. On the 
basis of projected and simulated results, Petro-
Finance anticipates that real crude oil prices will 
rise, at the peak of the next expansion, to levels In 
the range of $29 to $46 per barrel in 1986 dollars. 

The next three to five years are a crucial period of 
transition In the present industry downturn. This 
period is, moreover, a window of opportunity entirely 
analogous to the period from approximately 1965 
through 1970. An increasingly aggressive program of 
acreage acquisition and exploration under favorable 
fiscal terms (particularly reduced up-front costs and 
commitments and relaxed non-profit based government 
take on new acreage) and cyclically induced low 
costs of exploration and drilling services is indi-
cated. The objectives of such a program are to (1) 
lock-in current cyclically low costs of acquiring and 
exploring acreage, (2) establish a sizeable Inventory 
of undeveloped reserves ready to be brought on 
stream at the most opportune time, and (3) posi-
tion the company to maximize the future apprecia-
tion of current assets and assets acquired over the 
course of this program. 

The worldwide industry contraction that began in 
1981 is in its sixth year. After four years of only 
very modest declines in prices and industry activity 
(the result of OPEC efforts to control the downturn), 
the full depth of the market pressures underlying 
this downturn finally became apparent in 1986. 
Prior to this time, the industry only slowly and 
grudgingly revised its price projections downward and 
only relatively modest adjustments in the level of 
industry exploration and development activity had 
been realized. 

The stabilization of the market In 1987 and the 
modest "recovery" experienced by some sectors of 
the industry since the depths of the 1986 collapse 
have contributed to an emerging consensus view 
within the industry consisting of two fundamental 
premises. The first of these is that the downturn is 
over. The second is that the Industry has entered a 
long-term period of fundamental stability. Both 
premises are likely to be grossly wrong. 

Predicting the World Oil Cycle With Leading In-
dicators: 

The methods and projections presented in the In-
dustry Indicators are not conventional. Had these 
methods been employed in the generation of crude 
oil price forecasts over the past fifteen years, the 
results would have strongly diverged from the in-
dustry consensus. As such, a review of the predict-
ive power of the leading indicator methodology is in 
order as an introduction to the cycle forecast. 

Two questions are of paramount importance in 
projecting the future of the world oil cycle:	 when 
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will the current downturn end and what is the prob-
able amplitude of the next expansion? The forecasts 
presented in the Petro-Finance report focus attention 
precisely on these two issues. 

Using leading economic indicators developed from an 
extensive analysis of the industry cycle over the 
past century, it is possible to project--approximately 
five to seven years in advance--when the market 
will turn and estimate the likely amplitude of the 
next stage of the industry cycle. Confidence in the 
reliability of the leading indicator approach and its 
applications in long-term forecasting and strategic 
planning functions is derived from the demonstrated 
success of the method over a number of cycles 
spanning nearly a century of the industry's history. 

The consistent success of the method in explaining 
and anticipating shifts in the petroleum cycle since 
1900 is demonstrated in Figure 1 by comparing the 
turning points of the leading indicators with those 
of the index of coincident indicators. The coinci-
dent index consists of five measures of the current 
state of the oil market. 

Peaks and troughs in the leading indicators have 
consistently preceded each of the eight cycle turning 
points in the century. According to Petro-Finance, 
the probability that this success rate could have oc-

FIGURE 1 
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curred by chance is less than one half of one per-
cent. The average lead time between turning points 
in the leading indicators and turning points in the 
Industry cycle has been seven years. 

Moreover, the magnitude of the change of real crude 
oil prices in the cyclical expansions and contractions 
is strongly correlated with the severity of the 
preceding change in the leading indicators. For in-
stance, in 1980 the leading indicators began a three 
year period of outright collapse by historical stan-
dards. Revised projections indicated an ultimate 
decline at the future trough of the industry 
downturn of 39 percent, 50 percent, and 63 percent 
in 1980, 1981, and 1982, respectively. The accuracy 
of these projections compared to the actual price 
drop in 1985-86 is remarkable. 

In 1986 the industry contraction attained a 
watershed when the index of leading economic in-
dicators increased sharply for the first time in a 
decade (Figure 2). The continued rise in 1987 is 
therefore a powerful signal, according to Petro-
Finance. 

FIGURE 2 
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LONG WAVE THEORY SHOWS OIL PRICES TO FOLLOW 
COMMOOrnES 

At the Ninth North American Meeting of the Interna-
tional Association of Energy Economists, a presenta-
tion titled 'Oil and The Economic Long Wave" by 
M. J. Greenberg and J. H. Conway, of The WEFA 
Group, discussed the historical behavior of oil prices. 

Long cycles in prices and economic activity and the 
related hypothesis of economic determinism are no-
tions that many economists reject.	 It is easy to 
see why. Economic determinism leaves little room 
for normal economics, and long cycle theories appear 
to contradict such widespread hypotheses as rational 
expectations. 

However, the WEFA long cycle analysis suggests that 
we are currently in the plateau period of the cycle. 
This period lasts for about a decade following a 
peak in commodity prices. The previous cycle 
plateau period occurred during 1920-29, and despite 
significant differences in the modern economy com-
pared to that of the 1920's, certain remarkable 
structural similarities exist. 

Commodity prices peaked in 1920 as in 1980 due to 
credit tightening that followed speculation and In-
ventory hoarding. A steep recession followed in 
both cases. During the 1920's, following the reces-
sion, the economy entered a prolonged boom, but 
commodity prices remained weak.	 Manufacturing 
profitability and equity prices soared. Real interest 
rates remained high despite massive credit expansion. 
Protectionism increased throughout the decade begin-
ning with the Fortney-McCumber tariffs of 1922 and 
culminating in the Smoot-Hawley tariff of 1930. 
Further, systematic payments imbalances plagued at-
tempts at international financial stabilization. 	 Much
of this description applies as well to the 1980's as 
the 1920's. If this analysis is correct, the global 
economy may be on the verge of a prolonged period 
of economic weakness and much lower commodity 
prices than are generally expected at present. 

Since first proposed, economic long waves or cycles 
remain a controversial Idea. However, recent 
phenomena may further support the notion that long 
waves occur and are relatively predictable. These 
long waves, or Kondratiev cycles, vary between 40 
and 60 years and are characterized by peaks and 
troughs of economic expansion and depression. These 
long-cycle peaks and troughs are relatively rare 
events. This alone implies long-cycle behavior is 
not random, nor is the general character of the 
cycle simply accidental. 

Commodity prices play an important role In long 
cycle analysis. Kondratiev's work focused primarily 
on long cycles In wholesale price indices. Wholesale 
price indices, in turn, are dominated by movement In 
commodity prices. These prices are useful indicators 
because they are quite sensitive to changes in busi-
ness conditions. 

At the long cycle trough, commodity prices are 
generally weak, and have been for several years.

Additional development from resources discovered 
during the previous expansion, implementation of new 
technologies, and declining factor costs have allowed 
production to increase without resulting in higher 
prices. 

The first phase of the long-cycle upswing is at-
tributed to the real or technological obsolescence of 
the capital stock. In turn, this encourages increased 
investment demand. Rising prices and wages rein-
force the investment boom as higher incomes boost 
spending. The need to develop the existing resource 
base and to conserve on scarce labor requires in-
creasing investment, as well. 	 Economic growth
during this period can be quite rapid. 

The second phase of the upswing commences as the 
declining quality of the resource base given existing 
technology begins to constrain growth. Investment 
in resource production must increase, but without an 
Increase in savings, investment in other sectors must 
decline. (Wars are also common during these periods 
adding to demand). Rising input prices reduce 
manufacturing profitability and cause investment to 
slow. However, to offset the recessionary Impact on 
the non-commodity sectors, the monetary authority 
expands credit, artificially reducing Interest rates. 
As a result, an increase In relative commodity prices 
is transformed into general inflation. At this point 
in the cycle, commodity prices are rising most 
rapidly, and with credit relatively easy, It becomes 
profitable to speculate and hold large Inventories, 
further boosting prices. For depletable resources, 
the Impact Is magnified as low real interest rates 
Increase the owner's incentives to hold the resource 
as an asset instead of converting it into financial 
wealth.	 This further stimulates upward price pres-



sure. 

Eventually, the monetary authority must choose be-
tween hyperinflation and deflation (or disinflation). 
As credit is tightened, the commodity bubble bursts, 
prices collapse, and the downswing of the cycle 
begins. However, the first 10 years or so the 
downswing traverses a relatively mild "plateau 
period" wherein real growth resumes.	 But the
legacy of the previous inflation, enormous excess 
capacity, undermines this part of the cycle. During 
this period, horizontal merger activity, International 
payment imbalances, rising protectionism, and the ex-
pansion of International commodity cartels to support 
prices are common. 

This period ends usually when one or more sectors 
(banks, stock market speculators, etc.) become so 
overextended that it can no longer obtain funds. 
Typically, a liquidity crisis follows, 	 asset prices 
plunge, and a depression ensues. 	 The decline In
output reduces commodity demand causing a final 
collapse in prices. In this second phase of the 
downswing, the resulting deflation and bankruptcies 
systematically eliminate the excesses and poor in-
vestments of the previous expansion. This creates 
the basic economic opportunities for the eventual 
upswing In the following cycle. 
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Oil and Commodity Price Cycies 

Recent events in world markets are a reminder that 
oil takes the structural form of a commodity. Over 
time, the 1920 to 1980 cycle of oil prices is 
remarkably consistent with that of the commodities. 
This relationship does not necessarily hold during 
earlier long cycles where oil was an insignificant in-
put to the United States energy budget. However, 
petroleum is the predominant fuel during the 1920-80 
cycle. The fuel price-commodity price relationship 
is noted during earlier long cycles as the United 
States switched from wood to coal to oil. 

As illustrated by Figure 1, the previous cycle peaked 
In 1920. Another appears to have peaked in 1980. 
Commodity prices, including oil prices, have declined 
sharply since then. 

The authors conclude that commodity prices including 
oil prices as well as relative levels of economic 
output appear to occur in long cycles. Second, 
cnch representative component of the cycle moves 
simultaneously with all other components. 

In fact, each real Increase in the price of oil 
during the post-second world war period appears to 
be preceded by a rise In the price of all other 
commodities. This Is particularly apparent im-
mediately preceding the post-war recession and prior 
to the oil price shocks of the 1970's. This suggests 
that other economic factors are driving commodity 
price cycles, in which oil prices have been and will 
continue to be a participant.

"ALTERNATIVE FUELS" REPORT EXAMINES 
TRANSPORTATION SECTOR 

The United States Department of Energy (DOE) has 
published the first of a series of reports on a study 
DOE is conducting on the costs and benefits of using 
alternative fuel sources in place of petroleum-based 
fuels in the transportation sector. "Assessment of 
Costs and Benefits of Flexible, and Alternative Fuel 
Use in the United States Transportation Sector," 
issued in January, is intended to set the stage for 
further consideration by both the public and private 
sectors of Issues surrounding the use of alternative 
fuels. The study is a broad-based assessment that 
was begun last year after DOE reported to the 
President on Energy Security in the United States. 

The report notes that even as the Nation continues 
to stress both the domestic production and the con-
servation of oil, it faces an Increase in petroleum 
Imports during the 1990's from Persian Gulf sources 
that could be disrupted or inflated sharply in price 
by forces beyond United States control. Last spring, 
Energy Security: A Report to the President of the 
United States announced the launching of a broad-
based assessment of the costs and benefits of a 
vehicle system for streets and highways that would 
be capable of shifting in large measure from 
gasoline and diesel fuel (both based on petroleum) to 
energy sources that are not tied to oil. 

The stated purpose of this study Is not to formulate 
specific national policy toward alternative fuels. 
Rather, it is to serve as a source of credible, 
balanced, analytical information about timeframes, 
costs, benefits, barriers of various kinds, and 
whether the general use of such fuels might develop 
in sufficient volume to replace millions of barrels of 
Imported oil at some point, thus affecting world 
energy markets appreciably to the benefit of the 
Nation. 

The evaluative comparison focuses on alcohol fuels, 
compressed natural gas (CNG), and electricity stored 
in chemical batteries as the currently leading options 
for the 1990's timeframe. It also reviews current 
knowledge of the characteristics, relative advantages, 
and problems of each of these as shown in Table t. 

The technology needed for any of these alternative 
energy sources is reasonably well advanced, but DOE 
says this study is exploring the problems these 
sources face in market development--a process that 
has barely begun. 

Timing is important. On the one hand, says DOE, 
shifting prematurely to an energy source that costs 
more than gasoline or diesel fuel would involve a 
macroeconomic penalty of considerable proportions 
for the United States. On the other hand, the mere 
promise of greater independence from oil imports at 
some time in the future might not be enough to 
protect the Nation from difficulties related to oil 
price and supply in the short term. Somehow, 
vehicle users in an unfettered and undistorted 
market should be capable of "shopping around" among 
the possible substitutes--or rejecting all of them at 
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TABLE I 

SIMIARY OF FUEL AND VEHICLE CHARACTERISTICS WHEN 
ALTERNATIVE fl(T S(XJZS REPLACE GASOLINE 

Ethanol Methanol CNG Electricity 

Near-Term Technical Proven Proven Satisfactory Close to 
Acceptability For Some Uses Ccmurciai 

Economic Much More Near The Sane Or More 
Competitiveness Expensive Equivalent Better Expensive; 
(For Energy Output) Wide Range 

Availability Limited Limited; Good Limited Limited By 
Future By Generation 
Potential Constraints 

Fuel Volunie, Conpared 1.5x 2x 5x 2x-3x 
With Gasoline 

Refueling No Different No Different More Cale Recharging 
Procedure From Gasoline From Gasoline And Lengthy Takes Hours; 

Battery Re-
Placement 
Cunte rson 

Fuel Storage 1.3x 1.6x 100-140x Heavy; 
Container Weight (Steel); 50-70x Depends On 

(Aluminum) Technology 

Fuel Storage Nominal Nominal p50-1,000 Battery Type 
Tank cost Determines 

Equivalence 

Zarrent State Of Fuel Production Pre-Production CamErcial, But Being Used 
System Technology Technology In Stage Requires In Niche 
Dovelo ymnt Brazil Updating Markets 

Representative Light And Light And Niche Fleets; Short Range, 
Type Of Vehicle Heavy Duty Heavy Duty Light And Heavy Light Duty 

Duty 

Engine Performance Power Gain, But Approximately Approximately Comparable, 
Characteristics Less Than 86 Power Gain 10% Power Loss At Expense 

Methanol Of Range 

Exhaust Emissions: Sane Or Better; Same Or Better; NOx: SameOr Only Emissions 
HG, CD, NO, And Lower NO 	 And Lower NO 	 k HC Higher, HC: Seer From Goner-
HC Reactivity HG Reactivity Reactivity;	 Po- Or higher, ating Plants 

tential	 For CO: Lower (Variable With 
Lower GO Facilities) 

Energy Content	 (Net): 

Compared With About 11,500 8,600 21,300 N.A. 
18,500-19,000 BTUIIh 
For Gasoline And Diesel 

Compared With 75,700 56,600 22,800 N.A.
112,000-128,000 
Rl'U/Gal For Gasoline 
And Diesel
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a given time or for a given period. But consumers 
need reliable facts upon which to base their deci-
sions. 

Economics are also important. Any decision on al-
ternative fuels must contend with the fact that 
these fuels are not price competitive at the present 
time. Consumer acceptability is another important 
factor that must he weighed in the balance: alterna-
tive fuels vehicles are likely to cost more and re-
quire more frequent refueling, at least initially, than 
conventional vehicles. 

The report notes that emphasizing the development 
of domestic oil resources and the conservation of oil 
through improvements In energy-use efficiency may 
not be enough to minimize future real price in-
creases for oil. 

The study suggests some advantages In starting any 
major shift to alternative energy sources via "fuel-
flexible" vehicles. These would be capable of 
operating on either traditional motor fuels or a form 
of energy that does not require oil as Its base. 
One hypothesis being scrutinized is that a fuel-
flexible capability put into place in this fashion 
might be enough in itself to moderate future oil-
price increases--just as a well-stocked Strategic 
Petroleum Reserve adds to national energy security 
even while its oil stays in the ground. 

Other progress reports on this study will be issued 
by DOE's Office of Policy, Planning and Analysis in 
the months to come. 

The future reports will present a more comprehensive 
critique of foreign experience and programs involving 
alternative vehicle fuels, as well as possible 
problems with alternative-source supply and the 
details of the "infrastructure" of fuel distribution 
and the vehicles needed to support such alternatives. 
The target date for completing the entire assessment 
is next fall.

# ###

UNCERTAIN FUTURE PREDICTED FOR OIL PRICES 

For the foreseeable future, the fortunes of the syn-
thetic fuels Industry are inextricably tied to world oil 
prices. Thus the results of a research grant from the 
National Science Foundation to the Center for Energy 
Policy Research at the Massachusetts Institute of 
Technology Energy Laboratory (MIT) are of interest. 
A recent report, MIT-EL 87-0071VP, "The Evolution of 
World Oil Markets", by M. Adelman, is basically an 
annotated history of world oil prices. According to 
the study the world oil industry has always had great 
potential excess capacity, because the market price 
has been maintained far above the competitive supply 
price. Preventing additional investment from being 
made in production facilities has been a constant 
overriding concern of the owners of the oil.

Outside North America, ownership and then active 
control was taken from a small group of private com-
panies by a small group of governments. They have 
been able to seek maximum wealth, unhindered by any 
external law. Their time horizons are necessarily 
short, and implicit discount rates high, so they have 
little choice but to "take the money and run." They 
lack knowledge of basic supply and demand, and even 
of current production, consumption, and stocks. 
Hence they are "flying blind," and their attempts at 
control have produced unprecedented price volatility. 
No smooth evolution to a pattern of stable prices is 
likely, in the MIT view. 

Early Htery 

The modem international oil industry is about 
75 years old. The first shipments out of the Persian 
Gulf, and the Model T Ford, both date to 1912. 

At all times, there has been massive unused potential 
capacity. However, excess installed capacity was rare 
before the 1970s. At any moment during that time, 
investment in additional capacity would have covered 
all costs and yielded a rate of return several to many 
times as high as the rate needed to procure the in-
vestment funds. Thus, says Adelman, the market 
price has always been from several tines to flatly 
times the supply price. 

From 1912 to 1945, the original owners were a small 
group of private companies, integrated from produc-
tion through marketing. The "Seven Sisters" (plus the 
Compagnie Francaise des Petroles) seemed to be 
firmly in control, and coordinated their pricing moves. 

From 1945 Through May 1970 

The atmosphere of the postwar period was very dif-
ferent.	 The United States antitrust laws were no 
longer inoperative. 	 The companies now tried at all
costs to stay out of the courts. 

The European Recovery Program of 1948 required the 
United States government to scrutinize the pricing 
structure of the world oil industry. They forced the 
companies to turn the price structure upside down: 
Instead of the Persian Gulf price being United States 
Gulf plus freight, it became Persian Gull-based. This 
amounted to a massive price reduction. For the next 
quarter century, the real price drifted downward, 
despite occasional attempts to Increase it. 

Decolonization, in the broadest sense, was even more 
Important. The governments in the countries with the 
lowest cost oil began in 1950 to claim first half and 
then ever higher fractions of the profits. 

But by the end of the 1950s, the deteriorating real 
price began to collide with the increasing revenues 
per unit paid to the governments. In 1959, the com-
panies actually cut their "posted prices," which at this 
time were largely real market prices, and also the 
basis for Income tax. The reaction to lower revenues 
was the formation of OPEC, and threats of confisca-
tion. 
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By 1970 the governments were taking upward of 
80 percent of the profits. The tension between com-
petitive price erosion and the producing nations' desire 
for more revenues was unresolved until mid-1970. 

1970 Demand and Supply 

Although it is attractive to suppose that the price in-
creases in the 1970s were caused by underlying 
supply/demand conditions, with consumption rising 
quickly, discoveries falling and prices already rising 
before 1973, the facts indicate that these were not 
the driving forces. Adelman points out that the in-
ground value of a barrel of reserves depends on the 
cost of developing a barrel to replace it. In the 
1970s, this cost was only a small fraction of the 
price, in the areas which could provide most new 
supply. Moreover, the cost had been decreasing. It 
was a demonstrable fact that it would stay low for 
years to come. 

The present value of using up a barrel to replace it 
with a more expensive barrel was a few cents, negli-
gible in relation even to the $1.25 price of 1970. 
Other scattered indications also pointed downward. 
Expected higher investment costs, and prices, would 
have raised the value of reserves everywhere. The 
only data are for the United States and they show no 
such rise. 

In short, the market price of oil was above the long-
term competitive supply price; continued competitive 
pressure could only mean continued price downdrift. 
That was the challenge, to which the OPEC nations 
responded. 

The Carte! Launched in 1970-1971 

In Libya ten years earlier, the royal regime had made 
demands in excess of its contracts; the oil companies 
gave in to the demands when it became clear that it 
did not matter whether they agreed or not. But the 
demands made in mid-1970 were considerably greater, 
and the royal government had been preparing for con-
frontation by accumulating a war chest. 

The major companies decided that refusal to agree 
was dangerous but compliance even more dangerous. 
However, the United States government was firmly on 
the side of Libya, for reasons never explained. The 
responsible United States official seemed obsessed 
with conciliating "the Arabs." In any case, the 
majors and the Independents soon had agreed to pay 
considerably more for oil. Promptly the Persian Gulf 
producing countries made similar demands. An Under-
secretary of State was sent to them in January 1971 
to tell them what severe damage they would inflict 
upon the consuming countries by restricting supply. 
The OECD countries also recited the harm a curtail-
ment could do them. Both of them were asking to 
be had, and were quickly obliged by the first explicit 
threat of an embargo, which the OPEC countries had 
not dared make previously. 

The upshot was the Tehran agreement in February, 
raising both taxes and prices at the same time. Ex-

plicit collusive price-fixing was engaged In for the 
first time. 

Thus the OPEC cartel was fairly launched nearly 
three years before the 1973 embargo." Prices rose 
after 1970, reversing the long standing trend, because 
they were now fixed by the producing governments 
together. The notion that they would have risen be-
cause of supply and demand goes against the evidence 
on long-run supply and demand, according to MIT. 

The Nature of the Carte! 

The cartel was a historic accident. The transfer of 
ownership and control of the great bulk of low-cost 
oil deposits from a small number of companies to a 
small number of sovereign less-developed-countries 
meant a drastic change. 

The group of sovereign states Is a far closer fit to 
the economist's model of an oil cartel than any 
private group could ever be. No corporate group 
residing in a modern industrial state would dare to 
maximize profits by raising the price of a product as 
important as oil by a factor of ten or more. For a 
small country, the benefits go to the local state and 
its constituents; the burden is all borne by foreigners. 
Hence there is no resistance to exacting all the traf-
fic will bear. 

Thus the cartel of the OPEC nations is the greatest 
ever known, and the least restrained In quest of max-
imum wealth. But in bursting out of the old private-
company shell, they have had to face a new 
problem —where Is the optimal price, and how to get 
there? Their history after 1970 is essentially their 
education in monopoly profit maximizing. 

Peet Tehran Agreements 

The Tehran agreement was supposed to last for five 
years, and lasted for only about five months before 
the first unilateral revision. Oil taxes and prices 
were repeatedly increased during 1971-73, despite con-
tinuing easy supply and occasional glut. But expecta-
tions had now been reversed. 

In September 1973, before war had broken out, the 
Tehran agreements were unilaterally canceled. The 
governments were plainly making ready for much big-
ger increases, but the Arab-Israeli war arrived first. 

The 'embargo" against the United States and Holland 
was a charade, partly because of evasion and mostly 
because of swaps. But belief in fiction is a tact, and 
the governments of the consuming nations all believed 
there was an embargo, which might be relaxed by ap-
peasing the producing countries. Not the "embargo" 
but the cutback in Arab oil output was real and ef-
fective beyond expectations. It probably did not 
exceed five percent of total world output, which 
would doubtless have raised prices considerably be-
cause short-run demand and supply are both inelastic. 
But greater damage was done by the surge in demand, 
for inventory.	 The amount demanded greatly
exceeded the amount consumed. 
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Continued Price-Raising, 1974-78 

The panic was short-lived. 	 In early February 1974, 
spot prices collapsed. But list prices continued to 
advance clear through November. The OPEC nations 
raised the permanent price level by using —in this 
case, creating—a temporary stringency, then holding 
the line in the face of slack demand. 

The 1974 price increases are confused because all 
price series are retroactive, and omit the steps by 
which the increases actually took place. in brief: an 
OPEC communique of December 31, 1973 set a tax of 
$7 per barrel (increased from $2) which meant a 
price, once the market quieted down, of perhaps 
$7.50. But three times during the year, the Saudis 
increased the amount per unit due them by simply 
marking up their ownership share in Aramco. 

The next four years were relatively quiet. The group 
was trying to resolve the built-In tension between two 
cartel models. The residual-firm model had Saudi 
Arabia and other "core" countries as the swing 
producers absorbing all the fluctuations. This model 
Is easy to operate, but less rewarding than the full 
cartel model with all members sharing ups and downs 
alike. 

The price was raised twice despite glut, 	 but
worldwide inflation canceled both increases quickly. 

The Second Price Explosion 

In 1978, as in 1973, the intention to raise prices was 
clear, but plans were overtaken by events, in this 
case the Iranian Revolution. 

The turning point came in January 1979. There had 
been reports that Saudi output would be reduced, in 
violation of an accord in August 1978 with the United 
States. Production was cut on January 20, and the 
effects were felt at once, as a steep increase in spot 
prices. 

The explosion In spot prices, though greater than in 
1973-74, was now a purely inventory phenomenon. 
Consumption did not exceed production plus the nor-
mal winter stock drawdown. And beginning with the 
April—June quarter, inventories mounted swiftly to 
record heights. 

In 1978, a special OPEC committee on long-term 
price policy had been set up, and they finished their 
report in February 1980. They defined the profit-
maximizing price as Just short of the supply price of 
synthetic fuels. Hence it seemed reasonable to raise 
the price above $30. 

The Retreat of 1980-83 

By mid-1980, some action was needed, since OPEC 
sales had fallen considerably, and some price discount-
ing had appeared. In midsummer, there was a 
"gentleman's agreement" on production control, but It 
was never put to the test, since Iraq attacked Iran in 
September. Much of both countries' production or ex-
port capacity was immobilized.

But sales continued to slide, and attempts at a loose 
tentative output restriction never came to anything 
much in 1981 and 1982. Tensions within the cartel 
became more acute. In November 1981, an agree-
ment on raising the marker price from $32 to $34 
was intended to stop the rot and provide a signal 
upon which all sellers could align and raise their 
prices. But this had no effect. 

During 1982, the shrinking Saudi market share was 
especially alarming because the Aramco companies 
began underlifting their quotas. The loss of several 
billions during 1981-82 finally made them, in January 
1983, reject the Saudis' demand that they continue to 
lift overpriced oil. 

There was a retreat to a $29 price, and the ranks 
reformed. The first formal quota system was promul-
gated, with Saudi Arabia accepting the role they had 
avoided in theory and (before 1981) even practice, of 
swing producer. Over the next 30-odd months, the 
price held quite well, but only at the cost of Saudi 
exports shrinking to about 1.5 million barrels daily in 
the summer of 1985 (from a 1979 high of 10.5). 

The Collapse and Revival of 1985-1987 

Starting In November of 1985, the Saudis decided they 
could not accept further cuts in production and 
ceased to charge any fixed price at all. The price 
became a "netback," so that the risk of losses during 
the month or more of delivery was assumed by the 
seller. 

In the ten months it took the OPEC countries to get 
a production agreement, the price dropped from about 
$28 to, at times, below $10. Saudi Arabia was the 
one member to gain revenues. 

The OPEC meetings in June 1986, December 1986, 
and June 1987, were models of sobriety. Revised 
quotas were drawn up, to starve the market a little 
if possible, and fixed prices reinstated. From mid-
1988 to late 1987, and despite some apparent over-
production, Saudi Light has been steady at about 
$17.50. 

A Look Ahead 

According to Adelman the cartel is essentially back 
to late 1985. Production is being kept approximately 
to what Is demanded, largely because Saudi Arabia is 
again swing producer. With no more official use of 
netbacks, price differentials are again a constant ir-
ritant and source of distrust. More important, prices 
and revenues are much lower, and foreign exchange 
reserves have been further depleted. 

In the short run, therefore, the cartel Is not much 
better off, and it may be worse off, than two years 
ago. Therefore we most continue to expect a cycle: 
meetings---quotas---firm prices---cheating---price 
declines--threats and promises—meetings... 

Prices must remain unstable. Even when they are in 
control the cartel cannot fine tune the market with 
the coarse instruments it possesses. Even production 

1-12	 SYNTHETIC FUELS REPORT, MARCH 1988



is uncertain nowadays, and consumption is unknown 
for months afterward. Inventories in the hands of 
companies are not well known, and those downstream 
are a "statistical black hole." 

The aggregate OPEC capacity surplus may shrink, be-
cause of decline in Saudi Arabia, but every member 
(including the de facto member Mexico) must maintain 
a surplus in order to keep its bargaining power, which 
depends upon Its ability to create a nuisance or 
danger If it is not treated "right." More Important, 
non-OPEC reserves and production will keep on grow-
ing. 

It is generally expected that United States reserve-
additions and production will decline henceforth; but 
Adelman suggests that the pace will be moderate, and 
will be more than offset by rising production 
everywhere else outside the cartel. Oil production 
has continued to expand even with a price decline of 
over 50 percent since 1981.

The wildest card Is, as usual, the progress of technol-
ogy. Developments in very deep water will unlock 
large deposits for development, as will Canadian 
progress In heavy oils. The huge Venezuelan 
resources will continue to be locked up and unavail-
able unless the cartel disappears, which Is not likely. 
The rewards of monopolizing the world oil industry 
have been so huge that the nations will not give up 
without a mighty struggle. If it collapses, It will be 
put back together again, with a partly different mem-
bership. 

The consuming nations could put an end to the cartel 
any time they chose, but there is no reason to expect 
them to do so. The report concludes that the next 
17 years may not be quite as turbulent as the last 
17, but they are not likely to evolve smoothly in any 
direction. 
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ECONOMICS 

WORLD BANK DOWNPLAYS METHANOL POTENTIAL 

Although the World Bank has studied the market 
potential for fuel methanol in many different situa-
tions, it does not see a favorable economic outlook, 
according to the Bank's P. Glenshaw, speaking at the 
1987 World Methanol Conference, held in San Fran-
cisco in December. 

Past Activity of the World Bank 

The World Bank has been very active in energy-
related matters ever since they became important in 
national economies starting in the early 70's. Like 
others interested in helping developing countries with 
their energy problems, the Bank looked into alterna-
tive fuels to substitute for those based on crude oil. 

The flank was asked to provide technical assistance 
to the oil-rich developing countries as they invested 
the sudden largess that flowed in from the hike in 
oil prices. One of the earliest jobs under this ac-
tivity was to advise on the establishment of two 
large gas-based methanol plants in the Gulf region 
in the late 70's. The Bank assessment was positive, 
In general, even though it was clear that there 
were major risks associated with the development of 
the market. These plants were much lower cost 
operations than the many existing plants based on 
costlier gas or other feedstocks, and there seemed 
to be every justification for the projects to go 
ahead. The two plants were built with participation 
of leading chemical and energy companies and today 
operate well, but like all producers struggle with 
low prices. 

Based on this work and the continuing rise in oil 
prices at the time, the Bank put together a study 
to guide itself and its clients in preparing and ex-
ecuting methanol projects. The study was published 
In 1982 under the title "Emerging Energy and Chemi-
cal Applications for Methanol: Opportunities for 
Developing Countries." 

Gas-rich developing countries like those in Southeast 
Asia were assisted by the Bank to study the utiliza-
tion of their newly found gas deposits and methanol 
production was generally among the options con-
sidered. Studies were done in Thailand, Malaysia, 
Burma, and Indonesia in some depth. In all cases, 
processing the gas to downstream products like 
methanol--either	 for	 fuel	 or	 for	 chemical
feedstock--and urea for fertilizer became more and 
more unattractive as time went on. The world 
market for these commodities became glutted by 
others who had rushed into production, and the 
markets started to contract under the global reces-
sion. None of these gas studies in the early So's 
was bullish on methanol and no methanol projects in 
these countries were supported by the Bank. 

The only methanol project that did go ahead with 
World Bank Group financing is that at Cape Horn in

Chile.	 This is a 750,000 ton per year plant based 
on the gas fields of the area. The $300 million 
project is receiving about $50 million of equity and 
debt financing from the International Finance Cor-
poration (iFC), the affiliate of the World Bank Group 
that assists developing countries by investing in 
private sector enterprises. 	 The project sponsors,
headed by the Henley Group, have provided substan-
tial financial support to the project. The plant is 
under construction and is expected to start up in 
1989. It is near a protected deep water anchorage, 
existing infrastructure and the gas reserves. The 
project includes storage and ship loading facilities 
and the utilities necessary to make the operation 
self-sufficient. IFC has looked at a number of 
other methanol projects in gas-rich countries in 
which the output is intended mostly for general 
world markets, but so far these projects have not 
been realized. 

In addition to this work that has dealt directly with 
methanol, the Bank has done extensive work on al-
ternative transport fuels based on natural gas. The 
Bank's calculations show that methanol would be the 
most costly alternative under almost all cir-
cumstances. The charts show that crude oil would 
have to reach and exceed US$40 per barrel for 
methanol to become cost competitive, whereas 
propane competes at about U S$20 per barrel, and 
compressed natural gas (CNG) at U S$20 to US$30 per 
barrel in most cases. 

Current Activity 

World Bank activity in methanol has declined to a 
low ebb now and consists mostly of monitoring the 
construction of the Cape Horn plant, continuing 
studies of alternative transport fuels but at a low 
priority, looking into one or two MTBE (methyl ter-
tiary butyl ether) projects, advising on one new 
methanol plant to supply local chemical consumption 
in an Asian country, and advising on an ad hoc 
basis whenever the topic crops up in operational 
work. The Bank also has detailed studies under 
review of the longer term global outlook for 
petrochemicals and fertilizers. While they see 
demand for the plastics part of petrochemicals pick-
ing up, they are still very cautious about future 
demand for other petrochemicals like methanol. 

Future Outlook 

The World Bank estimates that current world 
methanol capacity is about 20 million metric tons 
per year while demand is about 15 million metric 
tons per year leaving a surplus of abut five million 
metric tons per year. Committed new plants are 
likely to raise the capacity to something over 
21 million metric tons per year and if demand con-
tinues to grow as at present by about four percent 
per year until 1990, and at three percent thereafter 
a balance between supply and demand would be 
reached in the mid-to-late 90's. 	 But even these 
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modest growth rates are considered optimistic and 
dependent on fuel-related uses, many of them politi-
cally motivated. Prices are likely to remain tied to 
prices of oil with which the Incremental methanol 
will compete. The official Bank forecast for oil 
prices is one of steady but modest growth to above 
the $20 per barrel level by the early 90's. 

In Glenshaw's view, there are more attractive ways 
of using natural gas for transport fuels than via 
methanol. Compressed natural gas might be more 
suitable. He says that methanol and other alterna-
tive transport fuels deserve close attention in those 
countries--like Poland, China and South Africa--which 
are relatively gas-poor but coal-rich, where coal

conversion may pay off. However, they have not 
come across anything in the technology area to 
make them believe that breakthroughs are likely in 
methanol production techniques that will substantially 
lower its cost to the point where It would compete 
with other fuels. 

Methanol may yet have its day, he says, and the 
Bank will be there to support It when it does. But 
for the moment, they are taking a wait-and-see at-
titude. 
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INTERNATIONAL 

VARIETY OF SYNFUEL PROJECTS PLANNED IN SOUTH 
AFRICA 

In the area of the commercial production of liquid 
fuels from coal, the commissioning of the Sasol II 
and lit plants during this decade has established 
South Africa as the world leader in commercial syn-
thetic fuels production, and has contributed sig-
nificantly to South Africa's liquid fuel self-
sufficiency. 

Continued growth in domestic demand, in particular 
for transport fuels, means that further synfuel plants 
will be needed to sustain an acceptable level of 
self-sufficiency. 

Therefore, in late 1985 the state president an-
nounced the government's intention to build a 
natural -gas -to -synfuels project at Mosset Bay. Con-
firmation of the go-ahead, subject to an acceptable 
conceptual design study, of this project in the 
beginning of 1987 has set the scene for probably 
the most challenging decade in the development of 
synthetic fuels in South Africa. 

The current development schedule for the Mossel Bay 
Project provides for the first offshore gas and con-
densate to be delivered by mid-1991, for conversion, 
onshore, to synthetic liquid fuels. Full production is 
envisaged by early 1992. The onshore gas-to-
synfuels conversion plant will use the commercially 
proven synthol process as developed by Sasol, no 
doubt Incorporating the latest technological Improve-
meats. 

Apart from the Mossel Bay Project, two other syn-
fuel projects are at present being Investigated. One 
is the Gencor T-Project based on the conversion of 
oil shale. Although this project may not be as well 
known as the Sasol or even the Mossel Bay projects, 
the recovery of a syncrude from torbanite in South 
Africa had been done as far back as the early 
1930's. At that time, SATMAR (the South African 
Torbanite Mining and Refining Company) erected the 
first refinery, in the Transvaal, to produce synfuels 
from torbanite (an enriched oil shale). SATMAR 
processed torbanite for 26 years until the economi-
cally recoverable reserves in the particular deposit 
were exhausted In the early sixties. 

Current developments in oil shale conversion by Gen-
cor, one of the larger South African mining com-
panies, has proved to be very promising and a 
feasibility study was completed in 1987. Although 
not of the same magnitude as the other synfuel 
developments, this project has its particular merits. 
A technical study involving retorting test samples of 
oil shale is presently in progress.	 Commissioning of 
the project is anticipated during 1992. 

The other major project that has been under evalua-
tion, is the ABC[ Coal-Based Synfuels Project. 	 At

present the program for this project has been res-
cheduled so that construction of the Mossel flay and 
the AECI Coal-Based plants would mesh in such a 
way that the South African engineering Industry 
could cope with the demand for specialized man-
power. These projects represent the largest synfuel 
projects actively under consideration in the world. 

A possible production scenario for the AECI Coal 
Project Indicates start-up in the middle nineties. 

According to remarks made at the International Coal 
and Gas Conversion Conference held An Pretoria last 
year, methanol may be the most promising alterna-
tive fuel for South Africa. For example, the capital 
cost of a plant producing a pure methanol final 
product is significantly less than that of a plant 
producing synthetic gasoline and diesel as final 
product. 

If commercially amenable solutions could be 
developed for the introduction of methanol into the 
South African fuel market, it could well represent a 
significant factor in long-term requirements for 
maintaining domestic self-sufficiency in transport 
fuels. 

South Africa has becV highly successful in producing 
competitively chemical products based on coal as 
feedstock. The South African chemical industry, is 
in fact, the worlds largest chemical industry which 
is not based on crude oil, but on indigenous coal. 

The South African chemical industry in effect 
produces products directly from coal and also in-
directly by using byproducts of the Sasol Synfuel 
Plants. The coal-based chemical industry dates back 
to the first synthetic ammonia plant which started 
up during the early 1930's. 

With the erection of Sasol 1, which started up in 
1955, a wide range of products and byproducts and 
many satellite industries were established at Sasol-
burg which utilized the byproducts. The three Sasol 
plants now produce tar acids, phenols, paraffin 
waxes, ketones, ethylene and the like, in addition to 
the primary output of synthetic fuels. These 
byproducts are further processed to produce plastics, 
synthetic rubber and other useful chemicals. 

Further plants were erected for the direct conver-
sion of coal to chemicals using the electrothermal 
process for acetylene production. Thus the South 
African chemical industry has already demonstrated 
its ability to operate highly complex coat-based con-
version plants successfully, efficiently and commer-
daily. 
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USSR SLOWS DOWN SYNTHETIC FUELS EFFORTS 

According to a recent report in the 011 and Gas 
Journal, the Soviet Union is cutting back on efforts 
to develop synthetic and alternate fuels. However, 
research and construction or rehabilitation of pilot 
plants for coal gasification and liquefaction continue. 

Oil shale production has been reduced each year 
since 1980.	 Further substantial cuts in oil shale 
mining are scheduled through 1990. Research in 
chemicals derived from oil shale is also said to have 
been scaled back. 

Work on the U.S.S.R.'s first major coal slurry 
pipeline has fallen about two years behind schedule. 
The tine Is designed to move coal 163 miles from 
Kuznets basin open pit mines west to an electrical 
power station at Novosibirsk in western Siberia. 

The article states that enthusiasm for construction 
of a 1,500 mile slurry pipeline to carry 25 million 
metric tons per year of coal from Kuznets basin 
mines to power plants in the Ural Mountain area in 
the 1990's appears to have waned. 

Proposals to build slurry pipelines to transport 
Siberian coal to the Moscow region, a distance of 
2,500 miles, also have apparently lost some of their 
previous support. 

Commercial bitumen recovery operations are modest 
in the Soviet Union. But Moscow is optimistic that 
large scale production will be achieved during the 
next century. 

The U.S.S.R. recently started bitumen production in 
the Volga-Ural area's Tatar Autonomous Republic and 
on Kazakhstans Mangyshlalc Peninsula near the 
Caspian Sea's northeast coast. 

With Tataria's conventional oil fields--once the most 
prolific in the U.S.S.R.--now on the decline, Tatar 
officials have called on the U.S.S.R. State Planning 
Commission and the Oil Ministry to move faster in 
developing the area's bitumen reserves.

JAPAN CUTS ENERGY DEMAND FORECAST AND 
RESEARCH BUDGET 

Japan has significantly reduced its four year old 
forecast of energy demand in fiscal year 2000. The 
new forecast predicts a demand of 9.306 million 
barrels per day of oil equivalent (bdoe), down from 
10.339 million bdoe. Oil is now expected to account 
for 45 percent of Japan's energy use in 2000 versus 
56.8 percent in 1986. 

At the same time, alternative energy spending has 
been drastically cut in the draft budget for the fis-
cal year starting April 1, 1988. Due to a shortfall 
of revenues from oil taxes, the Ministry of Interna-
tional Trade and Industry (MITI) expects an allocation 
of only US$224 million for alternative energy, down 
33 percent from the last fiscal year's alternative 
energy budget. 

The bituminous coal liquefaction project, a key coril-
ponent of Japan's alternative energy policy was hit 
the hardest. Its allocation was halved to 
US$20.8 million, which is expected not only to delay 
completion of the program but also force a scaling 
down of the planned pilot plant from 250 tons per 
day to tSO tons per day. The other major coal li-
quefaction program, the brown coal liquefaction 
project in Australia, saw a cut of 13 percent to 
US$53.6 million for the year. 

The ililTI officials explained that revenues for alter-
native energy spending fell heavily because of the 
drop in crude oil prices in addition to the sharp ap-
preciation of the yen. 

In all, the coal-related draft budget for alternative 
energy measures was allocated US$127 million, 
28 percent below last year's budget. 

### # 
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ENVIRONMENT 

TEXAS METHANOL WINS EPA WAIVER FOR OCTAMIX 

On February 8, the United States Environmental 
Protection Agency (EPA) granted a waiver under the 
Clean Air Act for a fuel mixture involving methanol 
and cosolvent alcohols submitted by the Texas 
Methanol Corporation. 

The Clean Air Act makes it unlawful for any 
manufacturer to introduce into commerce any fuel or 
fuel additive for use in light duty motor vehicles 
which Is not substantially similar to any fuel or fuel 
additive prior to the year 1975. 

The Act provides that the Administrator of EPA may 
waive the prohibition if the Administrator determines 
that such fuel or fuel additive will not cause or 
contribute to a failure of any emission control 
device in vehicles In which the fuel will be used. 

The Texas Methanol Corporation submitted a waiver 
application for a gasoline-alcohol fuel blend, referred 
to as OCTAMIX, such that the resultant fuel is com-
posed of a maximum of 3.7 percent by weight fuel 
oxygen, a maximum of five percent by volume 
methanol, a minimum of 2.5 percent by volume 
cosolvents and 42.7 milligrams per liter of Petrolite 
TOLAD MFA-10 corrosion Inhibitor or equivalent. The 
application specified that OCTAMIX would generally 
meet the same conditions specified in the waiver 
granted to E. I. Dupont de Nemours and Company, 
Inc., on October 31, 1986. 

The EPA decided to conditionally grant Texas 
Methanol's waiver application, provided the production 
of the gasoline-alcohol fuel is done in accordance 
with the following conditions: 

The final fuel consists of a maximum of five 
percent by volume methanol, a minimum of 
2.5 percent by volume cosolvent in unleaded 
gasoline. The cosolvents are any one or a 
mixture of ethanol, propanols, butanols, pen-
tanols,	 hexanols,	 heptanols and octanols 
within	 the	 following	 constraints:	 the
ethanol, propanols and butanols or mixtures 
thereof	 must	 compose	 a	 minimum of
60 percent by weight of the cosolvent mix, 
whereas a maximum limit of 40 percent by

weight of the cosolvent mix is placed on the 
pentanols, hexanols, heptanols and octanols or 
mixtures thereof. Furthermore, the heptanols 
and octanols are limited to a maximum five 
percent by weight of the higher molecular 
weight alcohol mix (pentanols, hexanols, hep-
tanols and octanola) 

- A	 maximum	 concentration	 of	 up	 to
3.7 percent by weight oxygen in the final 
fuel is observed 

- Petrolite's proprietary corrosion Inhibitor for-
mulation, TOLAD MFA-10, is blended in the 
final fuel at 42.7 milligrams per liter 

- The final fuel must meet ASTM D439-85a 
Standard Specifications for Automotive 
Gasoline, with the qualification that Test 
Method 0323 for Reid vapor pressure be re-
placed by the "dry" test method described in 
ASTM 0-2 Proposal P176 

- The final fuel must meet the maximum tem-
perature for phase separation as specified In 
ASTM D-2 Proposal P-176, Table 4 using the 
test method for water tolerance contained in 
Annex A.5 

- The fuel manufacturer must take all 
reasonable precautions, including identification 
and description of the product on shipping 
manifests, to ensure that the finished fuel is 
not used as a base gasoline to which other 
oxygenated materials are added, provided, 
however, that up to two percent by volume 
of methyl tertiary butyl ether (MTBE) will be 
allowed in the base stock to which the al-
cohols are added if the MTBE is present only 
as a result of commingling in transport and 
storage, not purposefully added as an addi-
tional component to the alcohol blend 

Texas Methanol had at one time announced plans to 
manufacture methanol via coal gasification. 
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RESOURCE 

FEDERAL LAND BUDGETS UP SLIGHTLY FOR 1988 

The big federal land management agencies, the 
Forest Service in the United States Department of 
Agriculture (USDA), the Bureau of Land Management 
(BLM) and the National Park Service (NPS) in the In-
terior Department, and other interior agencies 
generally received somewhat higher funding for fiscal 
year 1988 than for fiscal year 1987. 

The 1988 fiscal year started October 1, 1987. Con-
gress finally completed action on a 1988 funding 
measure and President Reagan signed it into law on 
December 22, 1987. 

The 1988 Forest Service appropriation for fiscal year 
1988 totaled $1,724,200,000, $10 million more than 
provided in 1987.	 BLM's 1987 appropriation totaled 
$690,574,000, $14,250,000 more than in 1987. 	 The 
National Park Service received $864,004,000, 
$18,680,000 more than In 1987. These slim increases 
will not allow these land management agencies to 
keep up with inflation. 

For the Forest Service, Congress showed a willing-
ness to provide more money (than budgeted by the 
administration) for recreation, trails, fish and 
wildlife. 

For the Interior Department overall, 1988 funding is 
$109,482,000 higher than for fiscal year 1987. The 
final Interior sum agreed to in the omnibus funding 
act was $4,361,330,000 for 1988. That is exclusive 
of the Bureau of Reclamation, which ordinarily comes 
under another appropriation. 

The major increases for NI'S programs went into park 
management, white the major decreases were in land 
acquisition and state assistance. 

The 1988 appropriation for the Bureau of Indian Af-
fairs (BIA), which has the largest budget of any of 
the Interior agencies, is $1,072,406,000, $13,153,000 
higher than provided in 1987. A major reason for 
the increase is a payment of $10,700,000 to be 
made to the Papago Tribe of Arizona, now known as 
the Tohono O'Odham Indian Nation, for a land claims 
settlement. 

The United States Geological Survey (USGS) received 
$447,747,000 for 1988, an Increase of $16,207,000. 
Most of the Survey's base programs were up, par-
ticularly water investigations, and also surveys and 
mapping. These increases were offset to some ex-
tent by cuts In administration. 	 The USGS's water 
resources	 Investigations	 for	 1988	 totaled 
$151,355,000, up $14,184,000 overall. The USGS 
geologic and mineral surveys and mapping received 
$177,324,000, up $11,324,000, of which $3,153,000 is 
for energy surveys, $3,071,000 for mineral resource 
surveys, $2,000,000 for costal erosion, and $1,472,000 
Is for national geologic mapping.

The 1988 appropriation for the Office of Surface 
Mining Reclamation and Enforcement (OSMRE) was 
down $2,218,000 to $301,505,000 in 1988. But there 
were increases in the OSMRE federal regulatory and 
technology programs. Overall the federal reclamation 
program funding was $34,349,000, down $3,125,000. 

The Bureau of Mines 1988 funding totaled 
$146,398,000, up $5,986,000, almost all due to boosts 
in its research program. 

USGS REVISES OUTLOOK FOR ULTIMATE WORLD 
PETROLEUM RESOURCES 

A paper presented by C. D. Masters of the United 
States Geological Survey (USGS) at the Ninth Annual 
North American Meeting of the International Associa-
tion of Energy Economists, held in Washington, D.C. 
In November addressed the question of ultimately 
discoverable resources of petroleum. 

Masters noted that the USGS assessment report to 
the 12th World Petroleum Congress was as given in 
Table 1. 

The Ultimate Resources of world petroleum are as-
sessed in about the same quantities and distributed 
broadly in the same areas as was reported earlier to 
the 11th World Petroleum Congress. 

Two of the component parts of the assessment of 
Ultimate Resources of crude oil--the Identified 
Reserves and the Undiscovered Resources--were corn-
pensatingly altered in the new assessment by about 
150 billion barrels; the Identified Reserves were in-
creased and the Undiscovered Resources decreased. 
The reserves change reflects heretofore uncounted 
additions to reserves owing primarily to concepts of 
field growth. Including the field growth projections, 
it appears that world discovery over the past decade 
has been slightly less than production. The change 
in Undiscovered Resources derives in large part from 
a clearer understanding of the geologic limits to 
resource occurrence in the U.S.S.R. and in Mexico, 
and from exploration failures in several key areas in 
the United States. Though the natural gas assess-
ment remains substantially the same, there appears 
to be evidence of substantial under-reporting of gas 
resources owing to market immaturity.	 Assessments 
of heavy and extra-heavy crude oils, 	 natural 
bitumens, and shale oil from oil shale remain 
reasonably consistent with past reports but economic 
reserves of these unconventional resources have in-
creased owing to the expansion of commercial 
recovery projects. 
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TABLE 1 

USGS ESTIMATE OF ULTIMATE VCRIJ) 
FEmILM RESaJIUZ 

Cuniilative Production 
Identified Reserves 
Undiscovered Resources 

93% 
Mode 
5% 

Ultimate Resources 

Oil Gas NOL 
Billion Trillion Billion 
Barrels cubic Feet Barrels 

524 117 
795 3,908 59 

262 2,650 
425 4,199 63 
927 8,591 

1,744 9,280

Though ultimately only 25 percent of the world's oil 
will have been discovered offshore, 45 percent of 
the remaining Undiscovered Resource is assessed to 
be offshore. Natural gas also remains highly im-
balanced in its distribution and, in addition, its 
production is imbalaneed relative to the reserves 
distribution; the Middle East gas reserves are one of 
the largest underutiuzed energy resources in the 
world. Undiscovered Resources of gas are mainly 
concentrated in areas of large Original Reserves but, 
assessed occurrences in the frontier Barents Sea 
Likely win exceed 300 trillion cubic feet and in the 
Niger delta, an area to be further developed, gas 
resources may exceed 200 trillion cubic feet of 
which 50 trillion cubic feet have already been dis-
covered.

The Ultimate Resources of natural gas are In ap-
proximately the same quantity, considering energy 
equivalency, as the Ultimate Resource of crude oil. 

The USGS continues to believe that there are no 
major unexplored provinces (greater than 20 billion 
barrels of oil) to be discovered, but expects, rather, 
that modest oil production centers will continue to 
evolve. This will sustain a spread of production 
capability that will contribute in some degree to a 
more competitive market. 
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CENT GENERAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Technical Economics, Synfuels and Coal Energy Symposium as part of 
the Eleventh Annual Energy-Sources Technology Conference and Exhibition held in New Orleans, Louisiana, January 
10-13, 1988: 

Atluri, G. K., et al., "Sensitivity of the Performance and Emissions of a Diesel Engine to the 
Water Content in the Alcohol-Diesel Emulsified Fuels." 

Wierzba, L, et al., "Correlating the Flammability Limits of Fuel-Diluent Mixtures.' 

The following papers were presented at the Ninth Annual North American Meeting of the International As-
sociation of Energy Economists held in Washington, D. C., November 1987: 

Jordan, A. A., "United States and Allied Commitments to Energy." 

Malin, C. B., "Oil Import Dependency: "Wolf at the Door" or "Peter and the Wolf." 

Randol, W. L., "Cross-Current in the Oil Market: Beware of the Undertow." 

Smith. S. A., "The Near-Term Prospects for World Oil Markets." 

Relater, D. B., "Oil Production in the United States." 

Masters, C. P., "World Petroleum Resources--Where and How Much?" 

Greenberg, M. J., at al., "Oil and the Economic Long Wave." 

Eynon, R. 7., "Outlook of U.S. Electric Power." 

Hsu, G. J. V., at al., "The Price of Fuel Oil for Power Generation: A Break-Even Analysis." 

Holliday, R. H., et al., "An Analysis of Cogeneration Development in the United States since 
PU R PA. 

The following papers were presented at the 1987 World Methanol Conference held in San Francisco, 
California, December 1-3, 1987: 

Alson, J. A., 'The Environmental Protection Agency's View of Methanol as a Motor Vehicle 
Fuel." 

Boyd, J., "The Role of Methanol in Achieving Air Quality Standards in California." 

Cackette, 1., "Methanol as an Air Pollution Control Strategy." 

Moyer, C. B., et al., "Issues in a Market-Oriented Methanol Transition Strategy Based on 
Fuel-Flexible Vehicles." 

Short, G. 0., "Feel Methanol for Los Angeles - Does it Make Sense?" 

Koyama, K., et al., "Methanol Supply and Demand Issues From a California Perspective." 

Smith, D. B., "Methanol Fuel Economics." 

Marigold,L., "Making More Money with Methanol/Gasoline Blends." 

Glenshaw, P., "Economic Perspectives." 

Crocco, J. R., "World Methanol Supply and Demand." 

Lewis, R. A., "Worldwide Methanol Fuel Supply: A Producer's Perspective." 

Kauffman, K., "US Methanol Supply and Demand."

1-21	 SYNTHETIC FUELS REPORT, MARCH 1988



Butzelaar, R. P. J., "West Europe Methanol Supply and Demand in 1987: will MTBE Provide a 
Significant Fuel Market for Methanol in West Europe?" 

Schalk, W. £., "Supply Concerns of Methanol Consumers." 

Ludlow, W. I., "MItE Phase II." 

Radek, L. J.,	 "Methanol as an Electric Utility	 Fuel." 

Stokes, C. A., "The Possibilities	 for Low-Cost Fuel-Methanol in California." 

The	 following	 papers were	 presented	 at the	 International	 Coal	 and	 Gas	 Conversion	 Conference	 held	 in 
Pretoria, Republic of South Africa, August 24-27,	 1987:

Koieda, M. S., "Synthetic Fuels Development: Lessons of the 1980's." 

llochgesand, G,, et al., "Developments Towards the Production of Synfuels from Both Solid 
Fuels and Hydrocarbons." 

Burster, M., et at., "Low Cost Syngas Production." 

Hutchings, G. J., et al., "Direct Partial Oxidation of Methane: 	 Strategy for Catalyst
Selection." 

Kochloefl, K., et at., "Catalysts for Methanol Decomposition and Steam Reforming." 

Terbianche, K., et at., 'The Mussel Bay Project: Offshore Recovery of Natural Gas." 

Swanepoel, R., "The Mosset Ray Project: 	 Onshore Conversion of Natural Gas to Synthetic
Fuels." 

Scurrell, M. S., et at., "Conversion Routes." 

Loggenberg, P. M., et at., "A Carburisation Study of Carbon Monoxide Hydrogenation Catalysts 
Using X-Ray Photoelectron and Auger Electron Spectroscopy." 

Schulz, H., "Hydrogenative Denitrogenation as Related to the Refining of Liquid Fuels." 

GENERAL PATENTS 

"Catalysts for the Hydrodenitrogenation of Organic Materials and Process for the Preparation of the Catalysts," 
Albert S. Hirschon, Richard M. Lame, Robert B. Wilson, Jr. - Inventors, SRI International, United States Patent 
4,716,142, December 29, 1987. The present invention discloses a process for forming a catalyst for the 
hydrodenitrogenation of an organic feedstock, which includes (A) obtaining a precataiyst comprising cobalt and 
molybdenum or nickel and molybdenum; (B) adding in a nonoxidizing atmosphere selected from hydrogen, helium, 
nitrogen, neon, argon, carbon monoxide or mixtures thereof to the precatatyst of step (A), A transition metal 
moiety selected from compounds of iridium, rhodium, iron, ruthenium, tungsten or mixtures thereof for a time and 
at a temperature effective to chemically combine the components; and (C) heating the chemically combined 
catalyst of step (B) optionally in vacuum to remove residual volatile organic materials. Preferably, a precatalyst 
of cobalt/molybdenum or alumina is heated between 1000 and 5000 C In a hydrogen atmosphere with an or-
ganometallic moiety of ruthenium, preferably ruthenium carbonyl. The invention further includes the catalysts ob-
tained and the process of hydrodenitrogenation of organic feedstocks including a crude petroleum residue, a 
petroleum fraction, an oil shale fraction, a tar sands fraction, a coal derived powder, a coal derived liquid or 
mixtures thereof: the process reduces the amount of hydrogen usually needed to obtain hydrodenitrogenation and 
more selectively produces aromatic product than saturated organic product. 

"Process and Apparatus for Conversion of Water Vapor with Coal or Hydrocarbon Into a Product Gas,"Heiko Bar-
nert, Michael Oertcl, Rudolf Schulten, Waiter Weirich - Inventors, Kernforschungsanlage Julich Gmbll, United States 
Patent 4,713,234, December 15, 1987. A process and apparatus for conversion of steam and hydrocarbon, or 
steam and coal, into a product gas which contains hydrogen. The conversion rate is augmented by effective ex-
traction and removal of hydrogen as and when hydrogen is generated. Within a reaction vessel wherein the con-
version takes place, a chamber for collection of hydrogen is formed by the provision of a hydrogenpermeable 
membrane. The chamber is provided with a hydrogen extraction means and houses a support structure, for ex-
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ample, in the form of a mesh providing structural support to the membrane. The membrane may be of a pleated 
or corrugated construction, so as to provide an enlarged surface for the membrane to facilitate hydrogen extrac-
tion. Also, to further facilitate hydrogen extraction, a hydrogen partial pressure differential is maintained across 
the membrane, such as, for example, by the counter pressure of an inert gas. A preferred configuration for the 
apparatus of the invention is a tubular construction which houses generally tubular hydrogen extraction chambers. 

"Method for In Situ Heating of Hydrocarbonaceous Formations," William S. Little, Thomas R. McLendon - Inventors, 
United States Department of Energy, United States Patent 4,705,108, November 10, 1987. A method for extract-
ing valuable constituents from underground hydrocarbonaceous deposits such as heavy crude, tar sands and oil 
shale is disclosed. initially, a stratum containing a rich deposit is hydraulically fractured to form a horizontally 
extending fracture plane. A conducting liquid and proppant is then injected into the fracture plane to form a 
conducting plane. Electrical excitations are then introduced into the stratum adjacent the conducting plate to 
retort the rich stratum along the conducting plane. The valuable constituents from the stratum adjacent the 
conducting plate are then recovered. Subsequently, the remainder of the deposit is also combustion retorted to 
further recover valuable constituents from the deposit.	 Various radio frequency heating systems are also dis-



closed for use in the present Invention.
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COMING EVENTS 

1988 

APRIL 5-8, NAPA, CALIFORNIA -- Alternate Energy '88. 

APRIL 7-8, BOULDER, COLORADO -- Energy Supply and Trade Policies: Balancing National and Global Imperatives. 

APRIL 12-15, DENVER, COLORADO -- Thirteenth International Conference on Coal and Slurry Technology. 

APRIL 16-21, TULSA, OKLAHOMA -- SPE/Department of Energy Symposium on Enhanced Oil Recovery. 

APRIL 17-21, GOLD COAST, QUEENSLAND, AUSTRALIA -- Australian Coal Conference. 

APRIL 20-27, HANNOVER, GERMANY -- Energy and Environmental Technology '88. 

APRIL 24-28, CHICAGO, ILLINOIS -- American Mining Congress International Mine Expo. 

APRIL 25-27, BIRMINGHAM, UNITED KINGDOM -- Gasification--Status and Prospects Conference. 

MAY 9-13, MORGANTOWN, WEST VIRGINIA -- Gasification and Gas Stream Cleanup Contractors Review. 

MAY 10, CALGARY, ALBERTA, CANADA -- Options for Upgrading in Western Canada. 

MAY 16-18, ADELAIDE, SOUTH AUSTRALIA -- Coal Science Third Australian Conference. 

MAY 16-19, BEIJING, CHINA -- International Conference on Oil Shale and Shale Oil. 

MAY 16-20, GA'rLINBURG, TENNESSEE -- Tenth Symposium on Biotechnology for Fuels and Chemicals. 

JUNE 5-9, WASHINGTON, D.C. -- World Gas Conference. 

JUNE 5-9, AMSTERDAM, THE NETHERLANDS -- 33rd American Society of Mechanical Engineers International Gas 
Turbine Congress and Exposition. 

JUNE 5-10, TIBERIAS, ISRAEL -- The Second international Congress on Energy. 

JUNE 5-11, FRANKFURT AM MAIN, GERMANY -- International Meeting on Chemical Engineering. 

JUNE 5-11, TORONTO, ONTARIO, CANADA -- Symposium on the Characterization and Chemistry of Tar Sand. 

JUNE 8-10, DALLAS, TEXAS -- Gas Technology Symposium. 

JUNE 9-10, SALT LAKE CITY, UTAH -- Flash Reaction Processes Fourth Annual Conference. 

JUNE 12-16, CALGARY, ALBERTA, CANADA -- The Petroleum Society of CIM 39th Annual Technical Meeting. 

JUNE 13-15, MINNEAPOLIS, MINNESOTA -- 29th U. S. Symposium on Rock Mechanics. 

JUNE 14-16, MORGANTOWN, WEST VIRGINIA -- Heat Engines & Gas Stream Cleanup Contractors Review. 

JUNE 20-22, WINDSOR, ONTARIO, CANADA -- 1988 Windsor Workshops on Alternative Fuels. 

JUNE 26-JULY 1, CALGARY, ALBERTA, CANADA -- Ninth International Catalysis Congress. 

JULY 19-21, MORGANTOWN, WEST VIRGINIA -- Oil Shale Tar Sands and Mild Gasification Contractors Review. 

JULY 31-AUGUST 5, DENVER, COLORADO -- 23rd Intersociety Energy Conversion Engineering Conference. 

AUGUST 2-5, SILVER CREEK, COLORADO -- Confab '88, A Fossil Fuel Meeting. 

AUGUST 7-12, EDMONTON, ALBERTA, CANADA -- UNITAR/UNDP Fourth International Conference on Heavy Crude and 

Tar Sands.
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AUGUST 14-21, LENINGRAD, U.S.S.R. -- Peat Eighth International Congress. 

AUGUST 14-19, SEATTLE, WASHINGTON -- Combustion 22nd International Symposium. 

AUGUST 22-24, CHICAGO, ILLINOIS -- Underground Coal Gasification Symposium. 

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

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

Fuels. 

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

ference. 

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

OCTOBER 3-5, HOUSTON, TEXAS -- institute of Gas Technology, U.S. Oil and Energy in the World Context. 

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

Meeting. 

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

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

RAMEX DRILLING IN KKNTIJCKY, CONSIDERS ISRAEL 

Ramex Syn. Fuels International reports that it has 
made arrangements to have its in situ shale 
gasification technology (see Pace Synthetic Fuels 
Report, December 1987, page 2-2) demonstrated in 
Kentucky. Trigas Technology, Inc. started drilling in 
February under Ramex supervision. Ramex will sell 
the downhole heaters to Trigas and will then receive 
a 4.5 percent royalty on all production. 

Three wells will be drilled initially, in Lewis County, 
Kentucky, near the small community of Charters. 

Support services, core analysis, and product testing 
are being provided by the Kentucky Energy Cabinet 
Laboratory. The heaters are being fabricated in 
Charleston, West Virginia. 

Ramex plans to begin an extensive shale leasing 
program in Kentucky. A special lease form had to 
be developed because the Ramex process does not 
fall under any established leasing procedures. 

Ramex also reports that it has been in contact with 
several foreign governments who have expressed in-
terest in the technology. Negotiations are said to 
be under way regarding a possible demonstration in 
Israel. Ramex believes that their process has poten-
tial applications in developing countries or remote 
areas where oil shale is present, but there are no 
other energy sources to generate electricity. 

SPP/CPM PLAN 2,000 TPD DEMO PLANT FOR STUART 
DEPOSIT 

In 1985 Southern Pacific Petroleum NL and Central 
Pacific Minerals NL (SPP/CPM) studied the potential 
for developing a demonstration retort based upon 
mining the Kerosene Creek Member of the Stuart oil 
shale deposit in Queensland, Australia at a grade of 
180 liters of oil per dry tonne. 

This study utilized data from a number of previous 
studies and evaluated different retorting processes. 
It showed potential economic advantages for utilizing 
the Taciuk Process developed by Umatac and AOSTRA 
(Alberta	 Oil	 Sands	 Technology 	 and	 Research 
Authority) of Alberta, Canada. The process was 
originally developed for Athabasca tar sands but was 
recognized by SPP as potentially suitable for 
Australian oil shales. Batch studies were carried out 
in 1985, followed by engineering design work and 
estimates later the same year. 

As n consequence of these promising studies a 
second phase of batch testing at a larger scale was 
carried out in 1986.	 A series of 68 pyrolysis tests

were carded out using a small batch unit. A num-
ber of these tests achieved oil yields of 105 percent 
of Modified Fischer Assay. 

As a result of the Phase 2 batch tests, SPP updated 
their cost estimates and reassessed the feasibility of 
the Tacluk Processor for demonstration plant use. 
The economics continued to favor this process so the 
decision was made to proceed with tests In the 
100 tonne per day pilot plant in 1987. 

A sample of 2,000 tonnes of dried Stuart oil shale 
was prepared In late 1986 early 1987. The pilot 
plant program was carried out between June and Oc-
tober 1987 and has given excellent results. 

It was reported to the Fourth Australian Workshop 
on Oil Shale, held in Brisbane in December, that en-
gineering is underway to firm up the project defini-
tion for a semicommercial demonstration plant. The 
project is referred to as the Acorn Project. During 
the last quarter of 1987, SPP carried out a short 
drilling program of 10 holes at the Stuart deposit in 
order to increase information on the high grade 
Kerosene Creek member. SPP plans to carry out 
basic design engineering in 1988 on the basis of this 
project definition. The current conceptual design is 
for a plant processing approximately 2,000 tonnes 
per stream day of as mined feed shale and produc-
ing approximately 1,630 barrels per stream day of 
non-upgraded product. This size will be subject to 
review at the conclusion of the screening study 
taking into account the following factors: 

- Capital and operating costs. The design ob-
jective is to demonstrate the processor at 
minimum capital cost. 

- The demonstration processor must be of suf-
ficient size to ensure that it can be scaled 
up to full commercial size with the minimum 
technical risk. 

- The quantity of non-upgraded product from 
the demonstration processor must be such 
that It can be placed in the market. 

- The size of the project must be such that it 
can be completed within a period of two 
years from the commencement of detail 
design. 

According to SPP, the present cost plan ceiling is 
A$30 million for such a demonstration plant, includ-
ing services connection and product storage. At 
current prices for low sulfur fuel oil in Australis, it 
is likely that operation of the demonstration plant 
will at least break even and possibly earn a small 
surplus. After a year of operation it is expected 
that sufficient data and operating experience will 
have been gathered to scale up the technology to 
full commercial size (60,000 barrels per day). 

2-1	 SYNTHETIC FUELS REPORT, MARCH 1988



The first commercial module could be in production 
by the middle of 1994. 

UNOCAL SHIPNnITS REACH 750,000 BARRELS 

Shale oil production from Unocal's Parachute Creek 
Oil	 shale	 operations	 has	 reached	 nearly 
750,000 barrels to date.

According to the United States Treasury Department, 
shipments which qualify for government price support 
amounted to 749,332 barrels at the end of 
January 1988. Monthly shipments since Unocal first 
began drawing on government price supports in 
December, 1986, are shown in Figure 1. 

In November, Unocal hired 48 additional mine 
workers to handle the increased production rate 
achieved in November. 

FIGURE 1 

UNOCAL OIL SHALE SHIPMENTS 
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CORPORATIONS 

OIL SHALE RESEARCH UNDER WAY AT ENERGY AND 
ENVIRONMENTAL ENGINEERING INC. 

Energy and Environmental Engineering Inc. (E 31) of 
Somerville, Massachusetts, has been awarded a con-
tract by the Department of Energy to investigate oil 
shale retorting using heat pipes and staged fluidized 
bed contacting. 

Current methods of heat transfer from the combus-
tion zone to the pyrolysis zone in a shale retorting 
process require large heat transfer surfaces thus re-
quiring a large number of reactor vessels resulti%g 
in enormous capital cost to the process. The E 1 
process employs heat pipes and staged fluidized beds 
to transfer heat from the combustion zone to the 
pyrolysis zone. Heat fluxes in the order of 
5,000,000 BTU per hour per square foot are possible 
using heat pipes as compared to 60,000 BTU per 
hour per square foot in a conventional mode. This 
fact alone would reduce the surface a5ea require- 
ments by an order of 80. Therefore, E l's technol-
ogy, which uses heat pipes and staged fluidized 
beds, has the potential of offering significant im-
provements to the technical and economic perfor-
mance of shale oil production by above ground 
retorting, according to the company. 

PEFROBRAS TO BUILD FLUID BED OIL SHALE BOILER 
IN '88 

Following the example of other countries, Brazil's 
Petrobras is developing circulating fluidized bed com-
bustion technology. In May, 1988, a pilot plant at 
Sao Mateus do Sul in Parana state will be in opera-
tion alongside the Irati Prototype Plant (UPI), with 
the capacity to produce one ton per hour of high 
pressure steam. 

Perhaps the greatest advantage of using fluidized 
bed combustion is its compliance with rigorous en-
vironmental control standards. In the particular case 
of Petrobras, the fuels in question are oil shale 
fines or retorted shale with high sulfur content. 

The best way to utilize this technique is to react 
the sulfur oxide gases with limestone which trans-
forms it into calcium sulfate, a nonpolluting com-
pound. In a conventional fluidized bed, the amount 
of limestone to be utilized for each batch of shale 
rock burned is known to be a two to three ratio. 
In a circulating fluidized bed this ratio drops to 
1.5 to two for an advantage of 30 to 40 percent. 
This technology has many technical operating ad-
vantages because it permits a large turn-down which 
is not possible in a conventional bed.

The circulating fluidized bed technology will not af-
fect Petrosix technology because one of the objec-
tives of the company's research work is to try to 
utilize material not being processed in the Petrosix 
Process such as shale fines. Retorted shale can be 
mixed with coal, making burning possible for energy 
production. The two can also be utilized In a mix-
ture with shale fines. At the moment, material 
rejected by the Petrosix Process returns to the mine 
where the ashes are dumped and later on, reforesta-
tion is carried out. 

On developing this technology, Petrobras intends to 
be equal to the world technological community with 
installation of the pilot plant at Sao Mateus do Sul. 
Only Israel and Canada are in a more advanced 
stage, using this modern technique in oil shale burn-
ing. Circulating fluidized beds are available in a 
few countries, but are using coal or biomass rather 
than oil shale. 

lOT BEGINS NEW THREE-YEAR PROGRAM ON 
HYDRORKFORTING 

The Institute of Gas Technology (IGT) has been 
awarded a new $6.5 million, three-year contract 
from the United States Department of Energy to 
carry out further research on hydroretorting of east-
ern oil shales. The project will involve subcontracts 
with several other organizations. 

At the core of the program Is development of a 
pressurized fluidized-bed hydroretorting (PFH) process 
designed by IGT. The Pill process combines ICT's 
experience In both fluidization and shale retorting. 

The principal product of the project will be data for 
the development and optimization of the PFH process 
for both raw and beneficiated eastern shale. IGT 
also will develop specific databases for key eastern 
shales. 

Participating in the project with IGT are Illinois In-
stitute of Technology, the University of Michigan, 
Ohio State University, the University of Pittsburgh, 
Tennessee Technical University, the University of 
Alabama's Mineral Resources Institute, and Energy and 
Minerals Research Company. 

Much of the university contribution to the project 
will be concentrated on developing techniques for 
removal of sulfur, nitrogen, and fines from the shale 
and in evaluating the environmental impact of the 
proposed process. Some are also interested in 
recovering leachable metals from eastern shale. 
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The University of Alabama's Mineral Resources In-
stitute will be responsible for developing more effi-
cient and economical techniques for the beneficiatlon 
of eastern shale. It will direct cooperative ac-
tivities in that area at the University of Pittsburgh 
and at Energy & Minerals Research Company. 

At the completion of the project, the Department of 
Energy expects to have enough information to con-
struct and operate an integrated process development 
pilot unit incorporating the PFH process. 

In the course of the project, TOT will study the 
possible advantages of staging the fluidized retorting 
zone to enhance heat recovery. If successful, this 
effort could result in a second-generation shale 
retorting process. 

The staging technique involves partitioning the retort 
vessel into several sections stacked one above 
another. Each stage operates as a separate 
fluidized bed so that particles of shale that settle 
out of one fluidized zone will enter another and be-
come re-fluidized. 

Staging will permit the hot spent shale to be sent 
to another shale bed where it can transfer Its heat 
to fresh, unprocessed shale. Using the spent shale 
as a heat source will reduce the amount of heat 
energy that must be added to the feed gases and Is 
expected to boost process efficiencies. 

If Its research effort proves successful, the IGT-led 
team hopes to have the basis for a new eastern 
shale process which would consume less hydrogen, 
require fewer pressure vessels in an integrated plant, 
and offer other process and environmental advantages 
that could enhance commercial prospects. 

Specifically, the lOT contract encompasses six main 
tasks: 

- Determining how oil yield is affected by such 
process variables as temperature, pressure 
and shale particle size 

- Investigating various means of removing sulfur 
from oil shale, such as the use of limestone, 
electrostatic forces,	 microbes and other 
separation devices 

- Beneficiating (separating organically-rich shale 
rock from rock that contains little organic 
material) by such means as grinding and 
flotation 

- Actually retorting beneficlated shales 

- Assessing environmental mitigation possibilities 

- Procuring, characterizing and preparing shale 
samples for the pressurized fluid-bed 
hydroretorting process.

HARTLEY HIGIIUGHTS UNOCAL OIL SHALE PROGRESS 

Fred L. Hartley, chairman and chief executive officer 
of Unocal Corporation, spoke recently at the Mas-
sachusetts Institute of Technology. His speech was 
titled "American Technological Leadership in Crisis." 
Excerpts from his talk are given below. 

My topic this afternoon Is "American Technological 
Leadership In Crisis." Crisis Is certainly a strong 
word to use, but in this case I believe Its use is 
fully Justified.	 For several years now, I have seen
disturbing signs that this nation's pre-eminence in 
technological innovation has been slipping. 	 Let me
give you a few examples. 

Item number am: Foreign Inventors are winning an 
ever greater share of United States patents. From 
1965 to 1986, in fact, the share of United States 
patents awarded to foreign Inventors rose from about 
20 percent to 45 percent. Last year for the first 
time, inventors at a Japanese company--Hitachi--
were awarded more United States patents than In-
ventors from any American firm. 	 And seven 
Japanese	 companies	 were	 among	 the	 top
20 companies receiving United States patents In 
1986. 

Item number two: Between 1971 and 1984, the 
number of doctorates granted by United States 
universities in mathematics dropped 42 percent, the 
number in the physical sciences fell 25 percent, and 
the number in engineering declined 18 percent. Fur-
thermore, more than half of those engineering de-
grees and nearly two-fifths of the doctorates in 
math were actually awarded to foreign students 
studying in this country. 

Item number three: Our space program, once the 
marvel of the world, is In disarray. While NASA at-
tempts to get the space shuttle flying again, the 
European Space Agency Is back In business with its 
own rocket. Meanwhile, the Soviets are running an 
aggressive sales campaign to sell launch services, 
communication satellites, and space photographs to 
other nations--including the United States! 

Item number four. 

America's balance of payments for high-technology 
products has been In rapid decline since 1980. This 
includes critical products like semiconductors and 
computers. 

These are a few of the more visible warning signals 
that America Is losing its technological edge. It is 
a worrisome development, because technological in-
novation is critical to the economic strength of the 
nation. From 1900 to 1970, a steady stream of in-
ventions in science, engineering and management 
practice led to vast improvements in United States 
economic productivity and, in turn, to America's 
standard of living. The generally rapid growth in 
worker productivity came to an abrupt halt in the 

# it. it it
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equivalent of nearly 13 million barrels of crude oil 
per year. And it is a clean, efficient energy alter-
native for America. 

early 1970's. From 1948 to 1973, output per worker 
grew at 2.5 percent per year. From 1973 to 1984, 
output per worker grew just 0.5 percent per year. 

Analysts have put forward a number of explanations 
or America's crisis in technological leadership. 

Some point to the deplorable state of scientific and 
technical education in this country, especially on the 
precollege level. Others suggest that government 
regulations and tax policies tend to inhibit tech-
nological Innovation or that the nation's investment 
in nonmilitary research and development has tapered 
Off. 

No doubt, these are part of the problem, but I also 
see a deeper, more disturbing factor involved. In 
my view, America has become a shortsighted society, 
committed to making the quick buck and taking the 
easy path. Too many people want to live oft the 
productive achievements of the past--consuming but 
not creating, spending but not saving, 	 winning
without working. 

We see this in our federal government, which runs 
up mind-boggling budget deficits year after year. 
We see this every day on Wall Street, where the 
so-called whiz kids play the stock market like a na-
tional casino rather than invest in the nation's fu-
ture. And we see this in industry, where many 
business executives must focus on financial manipula-
tions and marketing gimmicks in an effort to show a 
quick profit and ward off corporate raiders. They 
seem unwilling or unable to do the hard work and 
take the prudent financial risks necessary for long-
term growth. In other worth, the shortsighted view 
is forced on the managers of wealth creation by 
financial leeches who seek to dominate corporate 
destinies. 

In 1985, for example, we were forced to defend the 
company against a hostile takeover attempt, launched 
by a corporate raider. To win the battle, we took 
on more than $4 billion of new debt--debt that we 
must service and gradually pay off. In 1986, OPEC's 
price war led to a collapse in crude oil prices, fur-
ther squeezing the company's cash flow. Prices are 
higher now but still significantly below their 1985 
levels. 

Despite these financial challenges, we continue to 
support a strong research program, and we continue 
to get results. Let me give you a few examples. 
In particular, I would like to review some of our 
recent work in geothermal energy and oil shale 
development. 

During the past 25 years, Unocal has pioneered the 
development of geothermal energy in this country. 
Today, we are the world's largest producer of 
geothermal power, harnessing enough hot steam or 
water from beneath the earth's surface to generate 
24 million kilowatt-hours of electricity a day. That 
is enough electricity to meet the needs of about 
1.2 million people, roughly half the population of the 
Boston metropolitan area. 	 It is also the energy

Beneath the Salton Sea in Southern California lies 
one of the largest geothermal hot water fields in 
the world. Until recently, we could not harness this 
energy because of serious scaling and corrosion 
problems caused by the highly saline geothermal 
fluids in this field. After some ten years of 
research, we have solved both of these problems, 
and we are now moving ahead to fully develop this 
resource. 

Shifting to another alternative energy source, Unocal 
has been searching for an efficient way to unlock 
the energy of oil shale for more than 40 years. 
During the past 15 months, we passed a major mile-
stone in this quest. In December 1986, we began 
shipping high-quality synthetic crude oil from our 
Parachute Shale Project in western Colorado to our 
Chicago Refinery. 

The Parachute facility--designed to produce 
10,000 barrels of raw shale oil per day--is the first 
commercial-scale shale oil venture in the nation. 
The plant has been running at about half rate while 
we conduct further experiments and design modifica-
tions to obtain full capacity.	 To date, we have 
shipped about 375,000 barrels of high-quality 
syncrude. We plan to operate the plant continuously 
In 1988. 

The Parachute Shale Project incorporates innovative 
technology that could be very important to the 
nation's energy future. It consists of an under-
ground room-and-pillar mine, an upf low retort and 
an upgrading plant. The shale ore is mined and 
crushed, then fed into a large pump that pushes 
rock upward through the Unocal retort, counterf low 
to hot recycle gases. The 1,000 0F heat decomposes 
the kerogen in the rock to produce raw shale oil, 
gas and spent shale rock. 

We began construction of this plant in January 1981. 
During startup operations in 1983, we ran into 
problems with the scraper system, which was sup-
posed to convey the hot, spent shale smoothly and 
uniformly from the top of the retort to the cooling 
system.	 The original scraper design simply did not 
work well. Although we solved the basic scraper 
problem through a series of design changes, we are 
continuing to improve the system. 

Unocal's engineers also had to overcome problems 
with cooling the retorted shale, which is very 
fragile. As the hot, spent shale is scraped off the 
retort pile and fed by gravity into the cooling sys- 
tem, it "decrepitates" or breaks up. This generated 
an excessive amount of fines, whose consist is rela-
tively impermeable. As a result, the original design 
for contact-cooling with water proved inadequate. 

In response, we developed a new cooler design that, 
together with operational changes, has enabled us to 
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achieve adequate contact-cooling at design shale 
throughput. We still have a big job ahead of us to 
get the plant operating at full capacity, but we 
think we are now well on the way. The potential 
rewards are enormous. Unocal's landholdings alone 
contain over three billion barrels of synthetic crude 
oil; all told, the western United States contains ap-
proximately 600 billion barrels of recoverable shale 
reserves. That exceed the proven crude oil reserves 
of all of OPEC! 

As we successfully demonstrate our oil shale tech-
nology on a commercial scale--10 9 000 barrels per 
thy--it will make a tremendous difference to the 
energy reserves of Unocal and of our country. 

What can America do to recapture technological 
leadership? I believe that government, industry and 
the educational sector all have a role to play. 

Government must create a tax and regulatory en-
vironment conducive to technological innovation. The 
National Cooperative Research Act of 1984, which 
provides limited antitrust protection for certain kinds 
of joint research and development (R&D) ventures, 
was a step in the right direction. 

The Tax Reform Act of 1986, on the other hand, 
reduced the tax credit for research and experimen-
tation by 20 percent. That was a step backwards! 
To help nurture technological innovation, government 
should expand tax incentives for privately sponsored 
R&D, not reduce them. 

Government, however, can only do so much.	 In-



dustry and the universities must continue to open 
lines of communication and cooperation. More 
university researchers, for example, could make a 
special effort to bring promising research results 
with potential commercial applications to the atten-
tion of industry. And industry should increase its 
financial sponsorship of university research projects 
of potential value to its activities.

Those of us in industry and government must learn 
to better manage R&D programs to bring out world-
class creativity. We must move more quickly to ex-
ploit emerging technologies. It is especially impor-
tant that we do a better Job of turning basic 
research into commercial products--exactly what the 
Japanese seem to do best. 

In particular, this means that we must focus a lot 
more attention on the basics of manufacturing and a 
lot less on marketing campaigns, leveraged buyouts, 
and other quick buck schemes. And we have to 
emphasize to young scientists and engineers that 
manufacturing Is an important career path. As Paul 
Gray, the President of the Massachusetts Institute of 
Technology, said in a recent speech: "...Despite its 
obvious importance, the manufacturing function is not 
highly valued In American industrial organizations. 
We have not--at least in the last three decades--
drawn our industrial leaders from engineers...We must 
turn ourselves around. We must teach engineering 
students and their employers to value people who 
are expert in how things are made and how well 
things are made." 

SOLY-EX REPORTS PROGRESS ON Oil. SHALE PROCESS 

SoIv-Ex Corporation of Albuquerque, New Mexico 
reported in December that the company's wholly 
owned subsidiary, Duo-Ex, is currently conducting 
bench-scale experiments on its oil shale extraction 
technology. Results to date have been very en-
couraging and Solv-Ex plans to secure funding during 
1988 for the construction of a pilot plant for the 
demonstration of the oil shale technology. 
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GOVERNMENT 

EFFORT 10 INCREASE FEDERAL FUNDS FOR OIL SHALE 
FALLS SHOWY 

In the past few years, the United States Department 
of Energy (DOE) has cut back drastically on Its oil 
shale research and development program. 	 For 
government fiscal year 1987, the administration 
budget request included almost nothing for oil shale, 
but the Congress restored funding to a Level of ap-
proximately $11 million.	 For the past few years,
most of the small allocation available has been 
devoted to studies on eastern oil shales. This has 
been strictly a result of political pressure exerted 
by eastern Congressmen and the lack of concerted 
effort by western delegations. 

For fiscal year 1988, which began October 1, 1987, 
the administration budget request was less than 
$1 million.	 During budget hearings in the House, 
this was marked up to $8.4 million. Efforts 
spearheaded by the Associated Governments of 
Northwest Colorado and a tri-state (Colorado, Utah, 
Wyoming) coalition headed by the Western Research 
Institute then succeeded in influencing the Senate to 
approve a $10.5 million budget. As approved by the 
Senate, about $3.5 million would have been ear-
marked for eastern oil shale, $2.5 million would have 
been provided to Western Research Institute, and the 
remaining $3.5 million would be divided among new 
research projects in Colorado, Utah and Wyoming. 

The Congressional budget process broke down before 
the House and Senate budgets were reconciled. In 
the last-minute omnibus Continuing Resolution bill 
finally approved in December, the amount provided 
for oil shale is approximately $9.5 million, con-
siderably closer to the House version than the 
Senate version.	 Thus, DOE oil shale funds in 1988
will he approximately 15 percent less than in 1987. 

Notwithstanding the overall decrease, the language of 
the resolution states that the budget for oil shale is 
to be increased by $1,120 9 000 over that provided for 
in the House budget.	 It is not clear where this 
amount is to be allocated. Other language in the 
conference agreement states that in oil shale, 
$1 9 750,000 is for direct eastern oil shale contracts, 
$2,425,000 is for Western Research Institute, and the 
remaining amount of $5,325,000 must be at least 
50 percent devoted to eastern shales.

DOE TO DEVELOP ADVANCED OIL SHALE MINING 
TECHNOLOGY 

The United States Department of Energy's Grand 
Junction Projects Office has signed a $1.5 million 
Co-operative Agreement with Alpine Equipment 
Corporation/Astro International Corporation of State 
College, Pennsylvania, for the evaluation of water-
jet-assist mechanical cutting of oil shale under ac-
tual mining conditions. The 24-month, three-phase 
research and development project will begin Im-
mediately, and the project costs will be equally 
shared between Alpine and the Department of Energy 
(DOE). 

Alpine Equipment Corporation will design, assemble, 
and field test a commercial-sized water-jet-assist 
mechanized mining machine. The design and as-
sembly will take place at the facility in Pennsyl-
vania. The field test site has not been determined 
for certain, but may be conducted at the Exxon 
Shale Oil Project Mine near Parachute, Colorado. 
Support for this project will also be received from 
the Colorado Mining Association and the United 
States Bureau of Mines Pittsburgh Research Center. 
Alpine will be assisted by Sandvik Rock Tools of 
North Carolina, Diamant Boart Stratabit of Texas, 
The Pennsylvania State University, and RMS Mineral 
Services of Rifle, Colorado. 

The evaluation under actual mining conditions will 
provide field data that can be utilized by the 
private sector to develop and commercialize water-
jet-assist mechanized mining equipment for use in oil 
shale. The application of high pressure water jets 
to oil shale (a hard rock) could increase the ef-
ficiency of the mining machine and lower the cost 
of mining oil shale. Field tests on coal (a soft 
rock) have shown that high pressure water-jets cool 
the cutting head, remove already mined rock from 
the cutting surface, and reduce dust production, 
which in turn result in increased cutter life and 
reduced ventilation costs. 

The project will be managed and monitored by DOE's 
Grand Junction Projects Office. 
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TECHNOLOGY 

UNION PATENTS HOT "DRV SOLVENT EXTRACTION 
PROCESS 

United States Patent 4,695,373 Issued to P. N. He 
and assigned to Union 011 Company reveals a unique 
"dry" solvent extraction process for oil shale. The 
background statement for the invention notes that 
oil shale is usually considered for processing in a 
retorting or pyrolysis scheme because it is a mixture 
of a minor amount of solid organic matter and a 
major amount of mineral matter. The organic matter 
or kerogen is a polymer which is virtually insoluble 
In organic solvents. Because of this insolubility, it 
has been difficult to extract the kerogen from the 
oil shale and therefore the application of heat via 
pyrolysis or retorting has had to be used. The 
retorting process is carried out at relatively high 
temperatures, normally between about 9000 F and 
about 1,000 0 F, in order to cause the solid organic 
matter to undergo destructive pyrolysis. In general, 
only about 75 percent of the organic material in the 
oil shale is recovered as fluid products. 

An alternative approach to retorting is to heat the 
oil shale in the presence of a liquid solvent to ex-
tract the organic material from the rock matrix. 
Processes such as this must normally be carried out 
at relatively high pressures and temperatures with 
large solvent -to -shale ratios in order to obtain liquid 
yields comparable to those produced in conventional 
retorting processes. Operation at high pressure and 
temperature, however, has major disadvantages. 

The patent process which is said to overcome the 
preceding disadvantages is shown in Figure 1. 

In	 the	 process depicted	 in the drawing crushed oil 
shale	 is first introduced into a	 heater.	 It is 
preferable that substantially all the solids fed to the 
process be greater in size	 than about	 10 mesh.

The solids introduced into the heater are contacted 
with a hot recycle gas produced in the process. 
The most preferred gas is an oxygen-free flue gas 
or a recycle gas containing light hydrocarbons that 
arc non-condensable at the temperature and pressure 
conditions in the heater. 

The solids In the heater will normally be present in 
the form of a moving bed or a fluidized bed. The 
flow rate and temperature of the gas are adjusted 
such that the temperature of the solids is raised to 
between about 7000 F and 800 0 F. For ease of 
operation and mechanical simplicity, the heater is 
typically operated at a pressure from about atmos-
pheric pressure to about 15 psig. The residence 
time of the solids in the heater typically ranges be-
tween about five minutes and 120 minutes, and 
decreases as the temperature in the heater in-
creases. In general, a sufficient amount of hot gas 
is introduced into the heater so that the superficial 
velocity is between five feet per minute to 50 feet 
per minute.

At the temperatures in the heating vessel, a portion 
of the organic material present In the solids will 
decompose Into light hydrocarbon gases and light 
oils. These gases and vapors are removed from the 
bottom of heater, cooled to condense the light oils 
and passed into a gas-liquid separator. 

The heated solids, which still contain significant 
amounts of organic material, are removed from the 
heater and deposited on a belt conveyor, not shown 
in the drawing, and passed horizontally through the 
extraction zone in contact with a liquid organic sol-
vent introduced downwardly into the zone. Examples 
of suitable solvents include toluene, tetralin, ethers 
such as tetrahydrofuran, decalin, pyridine, pyrrolidine, 
petroleum derived oil fractions, liquids derived from 
the feed solids and amines, preferably primary, nor-
mal nlkylamines such as n-hexylamine. The 
preferable solvent Is a shale derived liquid boiling 
between about 470 0 F and about 650° F. 

As the hydrocarbon-containing solids move horizon-
tally through the extraction zone on the belt con-
veyor, the solvent is passed downwardly through the 
solids at a rate between about 0.4 and about 
2.0 grams of solvent per gram of solids per hour. 
The solvent dissolves the organic material contained 
In the solids and the resultant liquid mixture is 
removed from the bottom of the extraction zone. 
The temperature in the extraction zone is normally 
maintained between about 180 0 F and 4750 F. The 
extraction pressure will typically be atmospheric 
pressure. It has been found that, when primary, 
normal alkylamines and other lower boiling liquids 
are used as the solvent in the extraction zone, a 
significant amount of the organic material can be 
extracted at ambient temperature. The temperature 
In the extraction zone will depend upon the type of 
solvent that is employed and Is sufficiently high to 
prevent the solvent from undergoing reflux. The ex-
traction step is most efficient when the solvent is 
in the liquid phase and it is therefore desirable that 
the temperature in the extraction zone be low 
enough to prevent the solvent from partially 
vaporizing. 

It has been found that, when the solids exiting the 
heater are mixed with sufficient solvent to form n 
slurry either before or during the extraction step, 
that the solids tend to disintegrate into finer par-
ticles which are difficult to separate from the sol-
vent and extracted liquids. Indeed, the solids may 
disintegrate to such an extent that a liquid-solids 
separation is virtually impossible. To avoid such a 
problem, the solids exiting the heating step are not 
Immersed in the extraction solvent, nor slurried or 
stirred with the extraction solvent. The term 
"slurry" refers to a combination of solids and liquids 
In which all the voids between individual particles 
are substantially filled with liquid. It is most 
preferable that the solvent be passed downwardly 
through the solids in such quantities that the solvent 
"trickles" through the solids without accumulating 
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FIGURE 1 

UNION HOT "DRY" SOLVENT PROCESS 

therein.	 Thus, it is highly preferred that there be 
a discontinuous liquid phase in contact with the 
solids. In other words, the extraction will be 
carried out such that a portion of the solids will be 
in contact with the liquid solvent while the remain-
ing solids will have at most only a film of liquid in 
contact. 

The liquid effluent from the extraction zone, which 
comprises a mixture of solvent and extracted organic 
material, is passed Into a fractionator where the 
solvent is separated from the extracted organic 
material and any fine particulates. The solvent, 
which will generally have a boiling point lower than 
the majority of the constituents comprising extracted 
organic material, Is removed overhead of the frac-
tionator for recycle to the extraction zone. A 
heavy oil fraction composed primarily of hydrocar-
bons boiling above about 650 0 F Is withdrawn from 
the	 fractionator	 and passed	 downstream	 for
hydroprocessing into desired products.

The solids leaving the extraction zone will be 
depleted in organic material and will contain residual 
components of the solvent. In order to recover the 
residual solvent, the hydrocarbon-depleted solids are 
passed on the conveyor belt into a steam stripping 
zone where they are contacted with steam. As the 
hydrocarbon-depleted solids pass horizontally on the 
belt through the steam stripping zone, residual sol-
vent constituents are stripped from the solids and 
carried with the steam from the bottom of the 
steam stripping zone into a separator as shown. 

After the hydrocarbon-depleted solids have been sub-
jected to steam stripping, they are passed into a 
dryer where they are contacted with the hot gas 
containing hydrogen sulfide and light hydrocarbons 
evolved from the first-stage heater. The hot gas 
dries the extracted solids by vaporizing water from 
the solids. 
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The dried solids exiting the dryer will contain about 
one weight percent carbon. These solids are passed 
continuously from the drying zone Into a fluidized 
bed combustor. 

The gas leaving the fluidized bed combustor, which 
will be substantially free of molecular oxygen, from 
which the fines have been removed, is recycled to 
the heater where its heat is used to raise the tem-
perature of the feed shale. 

Combusted particles containing little or no carbon 
are removed from the fluidized bed combustor. If 
the original feed to the process is an oil shale, 
these decarbonized solids will contain large amounts 
of calcium oxide and magnesium oxide. Because of 
the presence of these constituents, the combusted 
solids can be used to remove sulfur compounds from 
gases. it is, therefore, desirable to pass the gas 
stream containing hydrogen sulfide, light hydrocarbons 
and water vapor removed from the drying zone 
through a contactor where the gas stream is con-
tacted with the combusted solids. After contact 
with the combusted solids, this gas stream will be 
essentially free of hydrogen sulfide. 

Data presented	 in	 the	 patent demonstrate	 that	 the 
amount of	 organic material recoverable	 from	 oil 
shale by	 extracting the shale with	 an	 organic sol-
vent after shale	 has been heated to a	 temperature 
below that	 used	 for retorting is	 greater	 than	 the 
amount than can be recovered by	 retorting	 the	 oil 
shale at	 conventional retorting temperatures.	 Yields 
of up to	 120 percent of Fischer Assay are shown.

TEXACO PATENTS SOLVENT PRETREATMENT PROCESS 
FOR OIL SHALE EXTRACTION 

United States Patent 4,692,239, issued to R. H. 
Friedman and assigned to Texaco Inc., describes a 
multi-step process for extracting oil from oil shale 
in high yield. 

The process involves oil shale crushed to a coarse 
texture in the range of one inch or more, but not 
ground as usually necessary for chemical extraction. 
The coarse crushed oil shale material is then sub-
jected to a "pickling" process in which it is exposed 
to a solvent for the hydrocarbon fraction, which 
solvent is also a hydrogen donor. Tetralin has been 
found to be the preferred solvent for this first 
stage separation. Atomic hydrogen from the tetralin 
apparently diffuses into the otherwise almost im-
permeable oil shale material, even in the coarse 
crushed chunks which are utilized in this process. 
A substantial disintegration of the mineral structure 
of the oil shale occurs. It is theorized that this 
disintegration occurs as a consequence of atomic 
hydrogen from the tetralin contacting naturally oc-
curring oxygen within the oil shale material. 	 A
reaction occurs which may approach an explosion in

nature,	 which	 causes	 a	 physical	 shattering	 of	 the 
rock	 matrix.	 In	 one	 embodiment, the	 mixture	 of 
crushed	 oil	 shale	 and	 tetralin	 is pressurized	 with 
gaseous hydrogen	 at	 a pressure in the	 range	 of	 80 
to	 120 pounds per square inch for a period of from 
three	 to	 10	 days,	 sufficient	 to ensure	 maximum 
penetration	 of	 the	 hydrogen	 into	 the	 oil	 shale 
material (Figure 1).

The treated oil shale is then removed from the 
pretreating chamber and subjected to a chemical 
oxidation by an oxidizing fluid environment compris-
ing a heated liquid solvent plus a free oxygen-
containing gas. More specifically, the reaction en-
vironment consists of a solvent such as naphthalene, 
tetralin or phenanthracene saturated with air, at a 
temperature from 70 0 C to 100 0 C. Oxidation scis-
sion of the kerogen removes a portion of the 
kerogen from the crushed and chemically shattered 
oil shale solids, and also modifies the residual 
kerogen so as to make it more susceptible to subse-
quent heat treatment. 

The residual solid mineral and unreacted kerogen are 
then subjected to heat treatment at a temperature 
from 371 0 C to 3990 C in order to convert the 
remaining kerogen to useful, lower molecular weight 
organic materials. As much as 93 percent of the 
total organic carbon present in the raw oil shale 
material is claimed to be recovered, compared to 
about 56 percent for conventional surface retorting 
methods. 

In another embodiment, chemical fracturing of the 
coarse chunks of oil shale is accomplished by simply 
immersing the coarsely crushed oil shale in tetralin 
and allowing it to remain exposed to tetralin at at-
mospheric pressure or above for a period of three 
to five days without the application of hydrogen. 
The presence of hydrogen reduces the amount of 
time necessary to achieve chemical fracturing of the 
coarse chunks, at least under certain conditions, but 
it increases the cost of the first stage pretreatment 
process. 

After the coarsely crushed oil shale material has 
been exposed to tetralin, alone or in combination 
with gaseous hydrogen under pressure, for a period 
of time sufficient to cause significant fracturing and 
disintegration of the chunks of oil shale into a much 
finer texture material, the components are separated 
by centrifuge, filtering or other means. The tetralin 
may be reused in the chemical pretreatment process. 

Reference is made to the experimental work reported 
in United States Patent 4 9 566 9 964 in which it was 
found that chemical separation of hydrocarbons from 
oil shale was achieved when ground oil shale was 
subjected to air and suitable solvents for the or-
ganic fractions extracted by oxidative scission from 
the kerogen polymer. it was also reported that the 
residual oil shale mineral which contains some un 
extracted kerogen could then be subjected to a 
bake-off stage at a temperature of 400 0 to 7500 F 
which increased the total recovery to a value in the 
range of 33 to 97 percent. 
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FIGURE 1

TEXACO PROCESS FOR RECOVERING HYDROCARBONS FROM OIL SHALE 
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The solvent used in the second stage of this process 
can be any material which Is an effective solvent 
for the low molecular weight fragments removed 
from the kerogen portion of the oil shale material 
by oxygen scission. The solvent must be liquid at a 
relative low temperature range, preferably 900 to 
100 0 F. It should sublime from a mixture of solvent 
and extracted low molecular weight fragments 
removed from the kerogen at atmospheric pressure at 
a temperature of 90 0 to 100 0 F. Preferred solvents 
are naphthalene, tetralin and phenanthracene. Any 
free oxygen containing gas can be utilized, but be-
cause of cost and availability, air is the gas of 
choice. Some improvement may be realized if the 
oxygen content of the air Is increased by blending 
pure oxygen with air. 

The solution of low molecular weight fractions of 
kerogen, i.e. the extracted hydrocarbon produced In 
the oxidative scission step, are transported to a 
separation vessel, where the mixture of solvent and 
extracted hydrocarbon are separated by sublimation, 
with the solvent being recycled back to the separa-
tion vessel. 

The residual solid material, i.e. the crushed oil shale 
material including the rock and the residual, un-
oxidized kerogen, Is heated just enough to remove 
the solvent. The rock containing the unseparated 
kerogen and a small amount of unrecovered solvent 
is then transported into a high temperature oven, 
where the rock is quickly heated to a temperature 
up to 750° F.	 This pyrolyzes and/or separates 
residual kerogen from the rock. Fluidized kerogen 
or pyrolysis products therefrom are transported into 
the extracted hydrocarbon collection vessel. 

Hot rock from the oven stage which may contain 
some residual kerogen and/or coke from the bake-off 
step is transported to a furnace where the residual

hydrocarbon is burned to supply the heat necessary 
to operate the oven as well as other separation 
units. 

OIL SHALE MECHANICAL PROPERTIES SEEN TO DEPEND 
ON GRADE 

Efficient in situ retorting of oil shale requires that 
the shale be broken and void volume increased and 
distributed. The purpose is to provide permeability 
so combustion gases and hydrocarbons can flow. To 
optimize the fragmentation process, knowledge of the 
mechanical properties and fracture characteristics of 
the oil shale is needed. Explosive fragmentation is 
one of the methods being considered to enhance for-
mation permeability. Improved understanding of the 
elastic and fracture properties,	 dynamic failure
mechanisms and post-failure behavior of rocks will 
help in this effort. Elastic properties of the 
medium are required for most of the failure models 
that have been proposed. 

During explosive detonation, strain rates in excess of 
10,000 per second are achieved near the bore hole 
causing rubblization. The strain rate gradually dies 
down and the response changes from rubblization 
through inelastic deformation without macroscopic 
failure to transient elastic response. In general, 
elastic properties such as Young's modulus, E, and 
Poisson's ratio, v, depend on the strain rate, com-
position of rock (in this case, oil yield), in situ 
stress state, temperature, and the anisotropy of the 
material. However, strain rate, oil yield and 
anisotropy are the dominating factors which influence 
the mechanical properties during explosive fragments-
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tion. The	 static confining pressure	 in	 place 
(overburden	 pressure) of	 oil	 shale formations	 Is	 not 
likely to exceed two to	 three ksi	 and	 therefore	 Is 
not	 a significant	 factor.	 Also, the temperature	 of 
the formation Is not expected to rise	 very high ex-
cept at	 the	 close proximity to	 the	 bore	 hole. 
Strain rate	 effects	 are studied for	 compressive and 
tensile properties.

At the 28th United States Symposium on Rock 
Mechanics held in Tucson, Arizona, K. P. Chong at 
al. of the University of Wyoming reported strain rate 
studies for Colorado oil shale. The purpose of their 
Investigation was to determine the effect of strain 
rate on initial average Young's modulus and the 
Poisson's ratio for different grades of Colorado oil 
shale. Material anisotropy was considered. Cylindri-
cal specimens cored in a particular orientation of 
the oil shale formation were tested both in tension 
and in compression, and the rate effects inves-
tigated. 

Rock fragmentation sizes and permeability extensions 
are strongly related to strain rates of loading. For 
low strain rates, fragment sizes are large, and 
cracks propagate further. For high strain rates, 
fragment sizes are small, and cracks are localized. 
Apparently, fragment sizes and cracked distances are 
optimal for intermediate strain rates (about one to 
100 per second). During an explosive event, the 
tensile strain rate due to the divergence of shock 
waves is about 100 to 1,000 per second near the 
source, and decay to one to 10 per second at large• 
distances. Between these two extremes, the inter-
mediate strain rates play a significant role in more 
optimized particle sizes and permeability distribu-
tions. 

Data presented in the paper are intended for the 
complete characterization of strain rate dependence 
of elastic properties at lower strain rates (up to 
one per second) both in tension and in compression. 
Strain rate dependent tensile properties are nonexist-
ent. 

An lnstron servo-hydraulic loading system with feed-
back control was used to load the specimens. One 
set of specimens cored perpendicular to the bedding 
planes were subjected to compressive loading at dif-
ferent strain rates in order to determine the com-
pressive modulus, Ez; and the Poisson's ratio, Vzx 
along the axis of symmetry of the material, and 
another set of specimens cored parallel to the bed-
ding planes were subjected to tensile loadings at 
different strain rates to determine the tensile 
modulus, Ex 

Typical graphs are plotted in Figures 1 and 2, show-
ing the prediction equation (in solid lines) versus 
raw data. The organic volume for lean, medium and 
rich grades was 34, 45 and 56 percent, respectively. 

There was a clear dependence of the Young's 
modulus and the Poisson's ratio on the strain rate 
and the organic volume. For a particular organic 
volume, both parameters remained almost constant 
for strain rates less than about 10 3 per second and

FIGURE 1 
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FIGURE 2 
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WITH STRAIN RATE FOR DIFFERENT 

GRADES OF SHALE 

CO4'SS1ON TEST REMLTS 

cl RICH 

a 0	 MEOTLM 
000

•	 LEAN 
0

0	 •	 • o	 • 

iO	 IO A	 to 52 
STRAIN RATE C PER Ste

show an increasing dependency for higher strain 
rates. Also, the Young's moduli decrease with the 
Increasing organic volume of the material while 
Poisson's ratios show the reverse trend.	 These 
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results are consistent with earlier Investigations. 
There was some hysteresis observed, especially for 
rich oil shale in loading/unloading to higher loads 
beyond about 50 percent of the ultimate load. 
However, the loading was limited to the 50 percent 
level. No effort was made to determine stress 
strain behavior up to failure since the stress strain 
curves are approximate linear up to failure. 

The equations developed were as follows: 

= 5,600.98 + 86.24 log A - 87.80 B 
vax = 0.1029 + 0.00506 long A + 0.00483 B 
Ex = 10,436.3 + 101.49 log A - 159.80 8 

Where: 
A = strain rate 
B = volume percent organic material 

AMMONIA USED AS SUPERCRI1CAL SOLVENT FOR Oft 
SHALE 

Work carried out at the University of Oklahoma by 
B. T. Ellington and D. E. Baugh points the way to a 
possible new process for shale oil recovery. 

Researchers at the Western Research Institute several 
years ago discovered that a 50-50 mixture of 
methanol and water at pressures above the critical 
pressure and temperatures near 4000 C, well above 
the critical temperature of the solvent, caused a 
breakdown of the mechanical structure of Green 
River oil shale and a release of nearly 90 weight 
percent of the organic material. Following this 
liberation reaction the organic matter could be 
washed away from the shale solids with organic sol-
vents. At the University of Oklahoma, an ex-
ploratory thesis effort by Chappell could not dupli-
cate these results with either pure water or pure 
methanol. 

The organic matter In oil shale is composed of over 
60 percent weight polar compounds including acids 
and bases which can form salts with the inorganic 
structure of oil shale. Therefore, it seemed 
reasonable that a polar, protic, hydrogen bonding 
mixture would be better able to break these bonds 
than CO 2 or the organic solvents suggested by 
others. 

The MS thesis effort by Baugh investigated the 
polar, protic, hydrogen bonding solvent approach and 
replaced the methanol component of the mixture 
with ammonia. Baugh's experimental results indicate 
that a mixture of ammonia and water works at least 
as well as, if not better than, methanol-water and 
without substantial increases In the nitrogen content 
of the shale oil. 

The most difficult step in the process of recovering 
oils from oil shale has always been liberation of the 
organic matter from the Inorganic matrix. A super-

critical, polar, protic solvent such as ammonia-water 
not only liberates the organic compounds, it appears 
to facilitate their transport out of the shale matrix 
and to dramatically reduce the mechanical strength 
of the oil shale structure. Baugh achieved a 
90 weight percent liberation of the organic carbon 
from Green River oil shale alter exposing 5/16-inch 
minus shale to concentrated ammonium hydroxide for 
an hour at 390 0 C and 4,750 psig without any 
grinding or agitation during the reaction. The 
processed shale chips had the mechanical strength of 
dried mud throughout. 

In a subsequent test, 0.5 x 0.5 x 1.5 inch blocks of 
oil shale were exposed to the reaction conditions for 
only fifteen minutes. On removal from the reactor, 
the richer zones had swollen and exfoliated or 
broken down completely. The leaner zones had not 
changed in appearance macroscopically. However, 
microscopic examination revealed the absence of or-
ganics throughout, as observed in the thesis work. 
These sections fell apart under finger pressure. 
Analysis of the spent shale revealed an 87 weight 
percent liberation of the organic material from the 
shale blocks. 

Based on these encouraging results, recovery of 
nearly all of the organic material in oil shale should 
be possible by first liberating the organic material 
from the Inorganic matrix, followed by separation of 
the hydrocarbons, disposal of the solids and recycle 
of the solvent mixture. 

A single test on a sillcious shale from Oklahoma, the 
Woodford member of	 the Chattanooga	 oil shales, 
yielded only	 50 weight percent	 organic carbon 
removal and	 no apparent reduction	 In physical 
strength. However, even these results are substan-
tially better than retorting results on the same type 
of	 oil shale.

New Process Scheme 

Use of the solvent liberation process could change 
the oil shale retorting flowsheet and reduce costs in 
many ways. Because the supercritical solvent 
penetrates shale particles so quickly and reduces 
their strength so markedly, It is expected that ter-
tiary crushing could be eliminated completely and 
secondary crushing reduced. 	 The crushing circuit 
will be simplified by reduction of recycle, dust han-
dling and problems with fines. Fines are normally 
leaner than run-of-mine shale because of their hard-
ness, but they would probably be put through the 
solvent process to release the organic material which 
does exist.	 Many storage problems would be 
mitigated.	 Handling of spent shale would be
simplified greatly. The inorganic potion of the feed 
will exit the process as a water slurry. This is 
ideal for processing to recover process heat and 
mineral values, if the latter should be desired. The 
slurry is also ideal for transporting in an environ-
mentally safe manner to the final disposal area. 

The solvent liberation process unit is currently envi-
sioned as a batch or semicontinuous unit fceding 
continuous downstream processing.	 The shale would 
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be charged through sequential valving for environ-
mental control of fugitive emissions. Then the unit 
would be pressured to the proper value with fluid 
circulation for rapid attainment of operating tem-
perature. Since the protic solvent penetrates each 
particle very rapidly and reduces its physical 
strength so markedly, a simple internal system for 
mild crushing should reduce the feed to a slurry for 
ease of treatment in subsequent separation. 
Facilities would be provided for periodic removal of 
"river rock" and fugitive mine Junk. Residence times 
would be much shorter than for retorting and the 
reactor may not have to be vertical. The discharge 
from the primary treater would undergo pressure 
reduction and separation of supercritical solvent. 
Then, if needed, secondary solvent can be injected 
to pick tip the organics and drop out clean spent 
shale for hydraulic transport. 

Refill of mined-out areas with the spent shale could 
be used to support the remaining structure so a 
greater fraction of the total ore body could be 
recovered. Water recovered from the emplacement 
would be returned to the process circuit. 

Gus liberated from the process is a very small frac-
tion of that from retorting. The main treatment 
will be recovery of ammonia and secondary solvent, 
if used, for return to the process. Gas from 
hydrotreating should also be a fraction of that from 
the conventional plant. 

The raw shale oil might be treated using a known 
proprietary process to separate the nitrogen bearing 
compounds and yield two liquid streams. The 
nitrogen-free oil would be given a mild hydrotreat-
ment to yield refinery feedstock and some straight-
run products. Heavier hydrotreatment of the high 
nitrogen oil, a small fraction of the total oil, would 
generate the protic solvent onsite and upgrade the 
rest of the oil to plant fuel grade or refinery 
feedstock. 

According to Ellington and Baugh the process overall 
flow sheet should be simpler and the total recovery 
up to 50 percent greater than for retorting. There-
fore, unit cost should be less and the United States 
might finally be able to support a plant for its 
strategic value.

satisfactory because of the "weak link" concept and 
the difficulty in eliminating eccentricity of loading. 
In addition, bending is introduced at clamped ends. 
By testing all layers of a laminated rock simul-
taneously, the split cylinder test can give a more 
accurate and comprehensive picture of the average 
tensile strength of laminated rocks like oil shale. 
The test material is assumed to be elastic and 
isotropic. Split cylinder testing was used to obtain 
Indirect ultimate tensile strengths along (not across) 
bedding planes. Ultimate tensile strength is a 
mechanical property parameter important to predict 
how oil shales break. 

More than 200 samples were tested. Only samples 
which split along the loaded diameter were included 
for analysis. The coincidence of failure and loading 
planes indicated competent rocks whose strength is 
the governing factor in modifying the rocks In place. 
Out of the more than 200 samples, 166 tests were 
plotted (Figure 1).	 There is considerable scatter.
However, a slight uptrend is observed. 

The upper and lower envelopes are presented in 
Figure 2. The upper envelope is useful in oil shale 
fracturing and the lower envelope is significant in 
mine safety design.

FIGURE 1 
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MECHANICAL PROPERTIES OF EASTERN Oil. SHALE 
AFFECTED BY MOISTURE 

In a paper given at the 1987 Eastern Oil Shale Sym-
posium, K. Chong et al. presented data on the 
mechanical properties of New Albany oil shale (see 
accompanying article in this issue on mechanical 
properties of Colorado shale). 

The split cylinder test was used to obtain the ul-
timate tensile strength of shale rocks. The authors 
state that the direct unlaxial tension test is not

Strain Rate Effects 

During drilling, blasting, mining, and in situ fractur-
ing, rock fragmentation sizes and permeability exten-
sions are strongly related to strain rates of loading. 
For low strain rates, fragment sizes are large, and 
cracks propagate further. For high strain rates, 
fragment sizes are small, and cracks are localized. 
The purpose of this investigation was to quantify the 
effects of strain rate on initial average Young's 
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FIGURE 2 
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modulus and the Poisson's ratio for different grades 
of New Albany oil shale and to provide realistic 
dynamic properties for strain rate sensitive rock 
fragmentation models. 

Strain rate effects have been studied by numerous 
investigators. The effects of strain rate on physical 
properties of materials have been of primary con-
cern. Particularly, the effects of strain rate on the 
modulus of elasticity, Poisson's ratio, yield strength, 
ultimate strength, toughness and fracture have been 
of interest, in as much as many of these properties 
affected the energy absorbing ability of materials. 

It has been observed that high rates of loading (high 
rates of strain or high strain rates) have produced 
apparent increases in many properties of solids, such 
as yield strength, modulus of elasticity, ultimate 
strength, etc. On the other hand, certain properties 
which are ratios of strain components (e.g., Poisson's 
ratio) are essentially independent of strain rate. 

The strength and elastic properties of most rocks 
are known to depend strongly on strain rate, 
generally increasing with increased rate of loading. 
Little was known of the significance of this effect 
on oil shale until recently. 

Unconfined tests by Lankford in 1976 concluded that 
failure strength increased with strain rate, while the 
inelastic strain to failure was essentially invariant 
with respect to strain rate. The actual strength of 
the shale nearly tripled, going from about nine to 
24 ksi as the strain rate varied from 1.7 x 10	 to
2 x 10 sec1. 

Improved understanding of the elastic and fracture 
properties, dynamic failure mechanisms and post 
failure behavior of rocks will help in designing any 
modification of rocks.	 Elastic properties of the

medium are required for most of the failure models 
that have been proposed. During explosive detona-
tion, strain rates in excess of 10,000 per second are 
achieved near the bore hole causing rubblization. 
The strain rate gradually decreases away from the 
bore hole and the response changes from rubblization 
through	 inelastic deformation	 with	 macroscopic 
failure to transient elastic response. in general, 
elastic properties such as Young's modulus, depend on 
the strain rate, composition of rock (in this ease, 
oil yield), in situ stress state, temperature, and the 
anisotropy of the material. However, strain rate, oil 
yield and anisotropy are the dominating factors 
which influence the mechanical properties during ex-
plosive fragmentation.

Moisture	 content	 of	 New Albany shale	 is	 an	 impor-
tant	 factor,	 since	 the	 oil shale is	 clay-rich.	 Water 
saturated	 samples	 and samples	 dried	 for	 three	 days 
and	 seven	 days	 (simulating	 in situ	 dry	 conditions) 
were	 tested.	 Multiple	 regression analysis	 of	 the	 ini-
tial	 Young's	 modulus	 (in	 ksi)	 and	 the	 Poisson's	 ratio 
with	 strain	 rate	 and	 oil	 yields, as	 the	 independent 
variables	 wore	 performed. Typical	 graphs	 are 

plotted	 in	 Figures	 3,	 4,	 and	 5 showing	 prediction 
equations	 (In	 solid	 lines) versus	 raw	 data. 
Reasonable fits are observed.

FIGURE 3 
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From the statistical analysis and experimental obser-
vations the Young's moduli have a strong dependency 
on strain rates, Increasing rapidly with increases in 
strain rates.	 They decrease with increases in oil 
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yields.	 Oil yield increases as specific gravity 
decreases.	 Poisson's ratios, on the other hand, are 
almost independent of strain rates. However, they 
generally Increase with Increases in oil yields. 
These results are consistent with earlier investiga-
tions. There was some hysteresis observed, espe-
cially for rich oil shale in loading/unloading to 
higher loads beyond about 50 percent of the ul-
timate load.	 However, the loading was limited to

the 50 percent level. No effort was made to 
determine stress strain behavior up to failure since 
the stress strain curves are approximate linear up to 
failure. Moisture contents also affect elastic coeffi-
cients. Dried samples have higher Young's moduli 
than saturated ones and generally lower Poisson's 
ratios. 
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INTERNATIONAL 

BRAZIL'S SIX STUDIES ISRAELI SHALE 

As part of its technology sales business, Brazil's 
Petrobras has signed a contract with PAMA (Israel's 
state firm) to supply services, aiming to assess the 
applicability of the Petrosix Process to the oil shale 
of Israel, specifically the deposit at Rotem-Ef'e. 

Initial contacts In this respect were developed during 
the visit of Israeli engineers to Six, the oil shale 
plant in Parana state, In 1986. The services 
provided in this contract consist of three operational 
runs to be carried out in the Petrosix Pilot Unit 
(U-45) and a technical assessment of the process' 
performance. The services are scheduled to begin in 
February 1988. 

502 ABSORPTION EFFICIENCY OF RIJNDLE SHALE 
TESTED 

Combustion studies on an Australian oil shale 
(Rundle) were reported at the 1987 Eastern Oil Shale 
Conference held in Lexington, Kentucky in November. 
The work was carded out at CSIRO, Division of 
Energy Chemistry Lucas Heights Research 
Laboratories, Menal, NSW, Australia. 

The Narrows Graben lying immediately northwest of 
Gladstone, Queensland, Australia contains the Rundle 
and Stuart lacustrine deposits, of Eocene age, which 
hold an economically valuable oil shale resource. 

The shale oil average yield for the Rundle oil shales 
is about 100 liters per tonne (dry basis). The 
mineralogy of the Rundle oil shales is characterized 
by low carbonate, high clay, assemblages. Major 
minerals are montmorillonite, quartz and kerogen. 
Minor minerals (one to 10 percent) are calcite, 
siderite, kaolinite, cristobalite, pyrite, illite, feldspar 
and dolomite. 

Because of the economic potential of these deposits, 
CSIRO believes It Is important to explore the 
specific mineral reactions and kinetics during retort-
ing and combustion of the oil shale. Initial em-
phasis was on modes of release and kinetics of sul-
furous and nitrogenous gases because of their poten-
tial as pollutants. 

Combustion studies were carded out either under 
ramp heating conditions at 10 0C per minute or 
isothermally In a combustion gas of 20 percent 
0 2 /He. Samples were retorted Rundle shale from 
either the Kerosene Creek member (KC) or the Ram-
say Crossing member (RC) with a selected grain size 
of 0.5 - one milimeter.

SO2 Trapping 

Initial experiments had shown that combusted Rundle 
shale did not remove 50 2 very effectively from a 
gas stream at 800°C. CSIRO therefore designed ex-
periments to obtain substantial trapping by using a 
large excess of combusted shale. 

They conducted three sets of isothermal experiments: 
the first set used retorted shale which had been 
completely combusted at 850°C; the other two sets 
of experiments used shale combusted in the same 
way but to which had been added one percent and 
10 percent of CaO respectively. 

CSIRO also investigated retorted Rundle shale (which 
contained about five percent organic carbon) as a 
medium for scrubbing S02 from a gas stream under 
anoxic conditions. Experiments were carried out 
using a standard gas containing 300 ppm SO2 in 
nitrogen which was passed through a bed of retorted 
shale ramp-heated at 10 0C per minute. For com-
parison similar experiments were conducted with ac-
tivated charcoal and with n sample of retorted shale 
that had been combusted at a temperature (4600C) 
sufficiently low to remove organic carbon but leav-
ing calcite intact. 

As evidenced by the relative amount of S0 2 passing 
through the isothermal bed of combusted KC shale 
(Figure 1), there Is a decrease in S02-trapping 
ability with increasing temperature. Even at 7000C, 
the shale bed did not quantitatively trap S02in 
spite of a nominal 60 to one stoichiometric excess 
of CaO/CaCO 3 over released 502• The addition of 
one percent CaO to the shale bed, to produce a 
nominal 85 to one stoichiometric excess, yielded a 
20 percent improvement in SO2 trapping although 
there was a marked deterioration between 800 and 
850 0C In parallel with that of the straight corn-
busted shale. With 10 percent CaO added to the 
shale, to give a corresponding nominal stoichiometric 
excess of about 270, there was almost complete 
trapping of the released 502 over the 700-850°C 
temperature range. 

These	 results	 indicate the	 trend of trapping by com-
busted Rundle shale and Imply	 that to meet possible 
pollution	 control standards the necessary 
stoichiometric	 excess of CaO	 over 502 may be two 
orders of magnitude.

The tendency for SO 2 trapping to decline with in-
creasing temperature is probably due to silica 
(and/or silicate) reactions with CaCO 3 and CaO in 
the shale to produce calcium silicates; this effec-
tively compromises the ability of the shale to 
remove SO 2 by sulfate formation. 

Measured total trapping capacities for 502 of both 
KC and RC combusted shales are listed in Table 1. 
Based on carbonate content of raw shale, the ex-
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They state that 202 trapping by combusted shale is 
complicated, and that more extensive research is 
necessary to answer some of the questions which 
have arisen, it is possible, however, to state from 
results so far that the reaction of SO, with corn-
busted shale components Is slow and may be repre-
sented by phase-boundary controlled reaction kinetics 
under defined conditions. The product sulfate layer 
is about one micron thick and is equivalent to 
utilization of about one third of the shale carbonate 
for 202 trapping before reaction effectively ceases. 

In a series of experiments with retorted KC shale, it 
was found that the quantitative removal of 502 
could be achieved at high temperatures under anoxic 
conditions. Results of 202 reduction by activated 
charcoal showed that 300 ppm 202 was effectively 
scrubbed by this material by about 750 0 C.	 The
reaction of 502 with retorted shale was even more 
pronounced; the 502 was completely removed by 
about 600 0C and this effective "clean up" was not 
changed even at 9500C. At these high temperatures 
the 502 removal cannot be due to sorption 

TABLE 1

UUSIt) SHALES: IUFM. 502 CAPACITY, 
(C 2" SHALE)

Teiperature (C) 

	

120 	 10 	 800	 850 

Rundle (KC)	 2.5	 9	 7	 4	 3	 1	 0.0 
Rundle (RC)	 4.5	 21	 15	 20	 11	 8	 7 
Julia Creek	 20.0	 275	 -	 177	 -	 164	 - 

pected capacity for KC shale should be around 
30 milligrams 502 per gram shale so that even at 
600 0C only about a third of the theoretical capacity 
is available; a similar relationship holds for RC 
shale. Therefore, since about eight milligrams of 
50 2 per gram of retorted Rundle shale is released 
on combustion, the above observation leads to the 
prediction that combusted KC shale would be a poor 
vehicle for removing this level of 502 at the high 
temperatures favored for combustion. By contrast, 
combusted RC shale would be somewhat more effec-
tive but still not adequate because of the slow 
reaction rates. For comparison Table 1 shows the 
capacities of a high carbonate (44 percent CaCO3) 
shale from a different Australian deposit (Julia 
Creek). 

The experimental observations lead the CSIRO 
researchers to question to what extent the decrease 
in 50 2 capacity of the Rundle combusted shales with 
Increasing temperatures is due to conversion of 
carbonate/oxide to silicate and to what extent it 
may be due to a rind of Ca504 that is formed at 
high temperatures and is essentially Impervious to 
202 and oxygen.

properties of the char but must involve chemical 
reaction. The removal of SO2 was accompanied in 
all cases by a proportionate increase in CO 2 consis-
tent with the reaction 

C + S0 = S + CO2 

Results with the de-carbonized shale confirmed that 
the SO2 removal was mainly due to reaction with 
shale char rather than SO2 trapping. 

The kinetic measurements made for the reaction of 
202 with retorted shale showed the rates to be fast 
and the reaction to be first-order with respect to 
S0 2• The capacity of retorted shale for 502 was 
about 25 times that of combusted shale at 700°C. 

From these observations it Is apparent that retorted 
shale has the potential to clean up 502 effectively 
from gas streams under anoxic conditions. CSIRO 
states that such conditions would probably also be 
favorable for the reduction of NO to N 2 so that the 
concurrent elimination of two potential pollutants 
may be possible. 
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Caicluajixis 

CSIRO's sulfur dioxide trapping experiments showed 
that the poor 502 trapping ability of Bundle com-
busted shale Is related to its low carbonate content, 
the slow rate of reaction of $02 with the matrix 
minerals and, at high temperatures, the decreased 
availability of reactive material. A large 
stoichiometric excess (10-100 times) of added CaO 
may be necessary to reduce $02 in combustion gas 
streams to acceptable levels. By contrast there is a 
rapid and effective removal of 502 from gas streams 
by retorted shale, under anoxic conditions at tem-
peratures from 600 to at least 950 0 C. The reaction 
of $02 with shale char is first-order with respect 
to $02. 

WORLD-WIDE Oil. SHALE ACTIVITIES SUMMARIZED 

The status of world oil shale activities at year-end 
1986 is summarized in the American Association of 
Petroleum Geologists Bulletin/World Energy Develop-
ments, Volume 11, Number October, 1987 by 
C. F. Knutson and others. Extracts from the article 
are presented in the following. 

Canada 

Construction on the Chatham circulating bed 
demonstration project was completed at year end 
with commissioning of the new boiler. A joint ven-
ture of Energy, Mines and Resources Canada and the 
New Brunswick Electric Power Commission, this 
project consists of a circulating fluidized-bed boiler 
of Lurgi design that will supply steam to an existing 
22-MW turbine generator. High-sulfur coal will be 
combusted with carbonate oil shales and also with 
limestone to compare the power generation and 
economics of the two cocombustants in the reduction 
of sulfur emissions. Performance-guarantee testing is 
required by the end of April 1987, with test proce-
dures to be continued In 1987 and early 1988. 

Brazil 

An 18-foot (5.5-meter) diameter commercial retort 
(Petrosix design) continued to process an average of 
1,600 tons per day (1,450 metric tons per day) of 
oil shale from the Irati Formation. Operation costs 
for the plant range from $24 per barrel to $28 per 
barrel ($151 per cubic meter to $176 per cubic 
meter) of shale oil. A 36-foot (11-meter) diameter 
retort is under construction and is expected to be 
in operation by mid 1988. 

Brazilian oil shale reserves are quite large. Five 
surface mineable areas contain a reserve of shale oil 
of more than 2.7 billion barrels (430 million cubic 
meters) of in-place oil.

Egypt 

The Neqr Izmir shales In the eastern Mediterranean 
provinces have oil yields of 45-68 gallons per ton 
(187-284 liters per metric ton) and are currently 
being studied by the German Geological Survey. 
Recent oil shale studies in Egypt indicate ap-
proximately 500 million tons (454 million metric tons) 
of in-place oil. These deposits could he used as 
energy sources for phosphate and cement production. 

Israel 

Appreciable oil shale deposits of about 11 billion 
tons (10 billion metric tons) have been identified in 
Israel. The Neger deposits are associated with phos-
phate. Israel is exploring jointly with the United 
States Department of Energy and - others various 
aspects of oil shale development and use. 

Jordan 

Jordan's oil shale deposits are the country's major 
hydrocarbon resource. Near-surface deposits of 
Cretaceous oil shale in the Iribid, Karak, and Ma'an 
districts contain an estimated 44 million barrels 
(seven million cubic meters) of oil equivalent. 

In 1986, a cooperative project with Romania was in-
itiated to Investigate the development of a direct-
combustion oil-shale-fired power plant. Jordan is 
also investigating jointly with China the applicability 
of a Fushun-type plant to process 200 tons per day 
(181 metric tons per day) of oil shale. 

Morocco 

Active oil shale development was interrupted at the 
beginning of 1986, so 1986 activities involved only 
laboratory investigations on Timandit oil shales and 
limited pilot plant studies. 

Bulgaria 

Oil shales of Bulgaria are associated with upper 
Eocene deposits. The most Important occurrences 
are Bobov-dol, Radomir, Pirin, and Breznik. In addi-
tion, oil shales are known to occur in the vicinity 
of Sofia, Kyustandil, Vraca, Stara-Zagora, Kazanlyk, 
and Blagoevegrad. In some cases, the oil shales are 
associated with brown coal seams. 

Deposits with shale oil content of at least seven to 
eight percent are considered commercial. 

The oil shales of Bobov-dol overlie upper Eocene 
coal seams, forming three productive zones totaling 
58 feet (17.6 meters) in thickness. Average oil con-
tent is 7.3 percent, ash content is 68.9 percent, and 
calorific value averages 3,140 BTU per pound 
(7.3 megajoules per kilogram). Shale oil resource 
estimates down to 820 feet (250 meters) depth are 
22 million tons (20 million metric tons), of which 
about 4.4 million tons (4 million metric tons) can be 
recovered from open-pit mines. 
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The oil shales of the Pirin deposit are also as-
sociated with upper Eocene coal seams. This high-
grade oil shale of chocolate-brown color is 
microlaminated, and has a tar odor when burnt. The 
11-95 foot (3.5-29 meters) thick oil shales overlying 
the coal seam have a shale oil content of five to 
nine percent. The reserve estimates down to 
1,150 feet (350 meters) depth are 55 million tons 
(50 million metric tons). 

The Bodov-dol and Pirin oil shales were tested in 
1953. In the course of retorting, five to 
10 percent petrol, 25 to 30 percent diesel oil, and 
60 to 65 percent asphalt was recovered from the 
shale oil. Experiments with possible applications in 
the silicate industry have shown that the ashes of 
the oil shales are suitable for the production of gas 
concrete (cellular concrete) without the need to add 
carbonate to the raw material. Along with retorting 
and silicate industry tests, successful experiments 
with coking and agricultural applications have been 
conducted. 

Bulgaria's oil shale reserves are an estimated 
110 million tons (100 million metric tons) containing 
a total of 42 to 56 million barrels (seven to nine 
million cubic meters of shale oil. 

Hungary 

The first alginite deposit of Hungary was discovered 
In 1973 in an ancient maar-type basaltic tuff crater. 
A large-scale oil shale exploration project followed 
the discovery.	 The oil shale deposits in Hungary 
belong to two types: alginites deposited in a 
maar-type basaltic tuff crater lake, and oil shale 
deposits and resource indications associated with 
paleolagoons. 

So far, four maar-type alginite deposits, one 
lagoon-type deposit, and 16 additional oil shale loca-
tions have been discovered. The Hungarian govern-
ment has spent about 50 million Forints (1)5 $1 'nil-
lion) on exploratory drilling, geophysical measure-
ments, well logging, and technological research. The 
explored oil shale reserves amount to about

550 million tons (500 million metric tons), of which 
165 million tons (150 million metric tons) Is alginite 
formed In maar-type tuff craters, and 385 million 
tons (350 million metric tons) are lagoonal oil shales. 
Technological research has shown that the oil shales 
and alginites can be used for special silicate in-
dustrial products and in agriculture. 

Oil shale	 In alginite deposits in Hungary is 
predominantly Neogene.	 An exception Is the
dolomitic, marly, microlaminated oil shale beds at 
Rezi and Zalaszentlaszio.	 The Zalaszentlaszlo 
reserves	 are	 estimated	 as	 122	 million	 tons 
(120 million metric tons) of oil shale. Organic 
geochemistry and Rock-Eval measurements show the 
oil shale Is type I, derived from Botryococcus algae. 
The analyzed samples have a shale oil content with 
a maximum of night percent. The total organic car-
bon content of	 the highest-grade sample is 
10 percent.	 Data on four Hungarian alginite 
deposits are given in Table 1. 

The adsorptive power of alginite and its faculty of 
trapping nitrogen can be used readily for the fixa-
tion of decaying organic substances. Alginite Is 
being used as a bedding material for feedlots, thus 
Improving the microclimate of these facilities. 

As a natural substance, alginite has no harmful 
phytotoxic effect, and thus poses no hazard to the 
environment. As a fossil biomass, it is very promis-
ing for a purely biological approach to food produc-
tion and horticulture, avoiding the use of chemicals. 

The humus content of alginite ranges between four 
and 56 percent, averaging 25 percent, five times the 
natural humus content of the better Hungarian soils. 
The 1( 20 content measured in 69 samples (from 
various Pula deposits) ranged between 760 and 
3,180 ppm. The phosphorus, nitrogen, and lime con-
tent Is also considerable. Thus, using oil shales for 
soil melioration and crop-yield increment may oc-
casionally prove more profitable than using them for 
power production or the recovery of petrochemical 
products--and it Is far less hazardous to the en-
vironment. 

TABLE 1 

ALGINITE DEPOSITS IN HUNGARY 

Pula	 Gores	 Varkeszo	 Egyhazaskeszo 

Year Of Discovery 1973 1974 
Area (ion 0.445 2.1 
Geological Reserves	 (Million 1W?) 12.1 122.5 
Max. Level Of Exploration Detailed Detailed 
Exploratory Facilities Mine Mine 
Year Of Opening Of Mine 1986 1984 
Thickness Of overburden (rn) 4-6 4-10

Overlain by basalt-bentonite bed

1975	 1986 
0.3	 0.3 
10.4	 5 
Prospecting Reconnaissance 
Drilling	 Drilling 

39-42	 30_35* 

2-20	 SYNTHETIC FUELS REPORT, MARCH 1988 



Hungarian alginites also are being used as a basic 
component in cement and in "rock wool" thermal and 
Sound insulation. In addition, Pula alginite is 
suitable for the production of an algal concentrate 
(organic matter) of 96 percent purity with a 
calorific	 value	 of	 20,000	 BTU	 per	 pound
(45 megajoules per kilogram). 

Poland 

Oil shale deposits in Poland range from Devonian to 
Quaternary in age. Famennian (Devonian) sediments 
contain oil shale beds In the Swiatokrzyskie Moun-
tains.	 Carboniferous shales occur in sediments of 
the Upper Silesian Coal basin. Jurassic bituminous 
shales are associated with MaIm sediments, Tertiary 
shales are contained in the Minilite sequence of the 
Carpathians, and Quaternary shales can be found in 
Interglacial deposits of Polish lowland. 

Oil shale deposits in Poland are usually small, with 
reserve of a few million tons at the most. Thus 
the probability of their being used for shale oil 
recovery is small. Some oil shales are used for the 
recovery of bitumen, others are extracted as raw 
materials for building. 

Romania 

In Romania, bituminous shales and oil shales overly-
ing Jurassic coal seams occur at Anina, at the con-
fluence of the Neva and Caras Rivers. 

The bituminous shale is 243 feet (74 meters) thick 
and has a shale oil content of three to seven per-
cent. Oil shales from this deposit, averaging four 
percent shale oil content, were processed from 1860 
onwards by a Hungarian company. In 1867, 
120 retorts were in operation. In the refinery plant 
at Oravicza, lamp oil and paraffin were extracted 
from shale oil. The annual output was 
14,000 barrels (2,200 cubic meters) of shale oil. 
Lenticular Iron ore bodies occur at the top of the 
microlaminated oil shale sequence. Romanian experts 
are reevaluating the use of the oil shale for power 
production. 

Yugoslavia 

Oil shale deposits of Yugoslavia are generally as-
sociated with Tertiary rocks. Such deposits are 
known at Aleksinac, Vaijevo, and Zaecar in Serbia, 
and near the city of Skopje in Macedonia. 

The best studied deposit Is that of Aieksinac. The 
lower Miocene oil shale beds are associated with 
coal seams, and are as much as 98 feet (30 meters) 
thick, with a shale oil content locally exceeding 
18 percent. The shale oil reserves of Aleksinac are 
210 million barrels (33 million cubic meters). In 
recent years, plans for combining coal and oil shale 
extraction and for power production have been 
drawn up. 

Oil shales from the Skopje region have been tested 
for agricultural applications by experts In Hungary.

The Macedonian oil shales were found to be similar 
to Hungarian oil shales in agricultural uses. 

European USSR 

USSR contains an estimated 11 percent of the 
world's oil shale. The upper Proterozoic to Quater-
nary oil shales of the European USSR (that part of 
USSR west of the Ural Mountains) are in 27 major 
deposits concentrated in 13	 areas	 (Table	 2). 
Reserves	 are	 estimated	 at	 118	 billion	 tons
(107 billion metric tons) of oil shale containing 
about 112 billion barrels (18 billion cubic meters) of 
oil. After China, the European USSR has the second 
largest oil shale processing industry In the world. 

The largest reserves are found in the pert-Baltic 
area (i.e., Estonia, along the shoreline of the Gulf 
of Finland from Tailin to Leningrad). The kukersite 
and Dychitonema shale reserves of the Baltic basin 
are estimated at 85 billion tons (83 billion metric 
tons) and contain about 42 billion barrels (seven bil-
lion cubic meters) of oil. In comparison, the Olenek 
basin, the largest oil shale area of the Soviet Union, 
has an estimated 937 billion tons (850 billion metric 
tons) of oil shale resources with an average shale 
oil content of four percent for 238 billion barrels 
(38 billion cubic meters) of oil. 

About 95 percent of USSR's oil shale output comes 
from Estonia and Leningrad Oblast. In this region, 
75 percent of the power supply is based on oil 
shale energy. Half of the extracted oil shale comes 
from surface mines, the other half from underground 
workings. The nine underground mines output 3,000 
to 17,000 tons per day (one to six million metric 
tons per year); the surface mines output 8,000 to 
14,000 tons per day (three to five million metric 
tons per year). 

Exploitation of kukersite resources was begun by the 
Estonian government in 1918. In 1980, annual 
production of oil shale in USSR reached 41 million 
tons (37.4 million metric tons), of which 36 million 
tons (31.3 million metric tons) came from the Baltic 
region.	 Recovered shale oil was 49 million barrels 
(eight million cubic meters). Most extracted oil 
shale Is used for power production rather than shale 
oil recovery. 

More than 60 percent of Estonia's thermal energy 
demand is met by the use of oil shale, as well as a 
considerable part of the gas supplies for the city of 
Leningrad. First of their kind ever put into opera-
tion, the oil-shale-fueled power plants have an an-
nual output of 1,600 megawatts. About 65 percent 
of the extracted oil shale is used for power produc-
tion; the remainder Is used for the production of 
fuel gas, liquefied hydrocarbon gas, and chemicals. 

In addition to energy supplies, high-quality cement is 
produced from combusted spent shale. A con-
siderable amount of oil shale is processed into fer-
tilizers.	 In addition, the oil shale is used as an 
excellent soil-stabilizing agent. Since 1964, more 
than 385,000 tons (350,000 metric tons) have been 
used annually for the neutralization of add soils. 
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TABLE 2 

OIL SHALE RESOURCES OF SUROPLAN USSR
(After Kotlukov And Baukov, 1974) 

Name of Oil Shale Age Oil Shale Reservep 
Basin And Depost Symbol (106 Tons)

	
FIT Ml') 

Pen-Baltic Basin And 
Chudovo-Babinsk Deposit 

Kukkersites 02 26,461	 24,006 
Dictyonenn Shales 01 68,672	 62,300 
Pripyat' Basin U3 12,125	 11,000 
Tlrynn' Basin D3 Considerable ------ 
IV Part Of S Urals D3 46	 42 
Volga Basin J3 4,400	 4,027 
Tiimn'-Pechora Region Large --------- 
Boltysh Deposit Pg1 3,858	 3,500 
Nemilite Shales In The Carpathians Pg-N 1,875	 1,700 
Novo-Dimltrovka Deposit PrN Insignificant -----
Floniansic	 Deposit N2 63	 57 
Armenian SSR Pg-N 138	 125 
Azerbaidzhan 5511 N 55	 50 

Total (Rounded ) >118,000	 >107,000

Combustion of pert-Baltic oil shales produces more 
than 11 million tons (10 million metric tons) of 
spent shale each year. A part of this is used as 
raw material for the building Industry, but the bulk 
constitutes a pollution hazard. The 200-328 foot 
(60-100 meters) high spent-shale piles are liable to 
self-ignition and, once ignited, may burn for years, 
releasing carbon monoxide, sulfur dioxide, and other

toxic substances Into the atmosphere. In addition, 
the release of polluting dust and the penetration of 
phenols (leached from spent shales) into groundwater 
and	 surface	 waters are added environmental 
problems. 
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ENVIRONMENT 

ROD ISSUED FOR WOLF RIDGE NAMCOLFFE MINE 

The United States Bureau of Land Management, Craig 
District Office, has issued a Record of Decision for 
the Wolf Ridge Corporation (WRC) Mine Plan for a 
Najicolite Solution Mine. The Final Environmental 
Impact Statement (FEIS) for this project was dis-
cussed in the Pace Synthetic Fuels Report, Septem-
ber, 1987, page 2-31. 

WRCT5 Mine Plan involves commercial development on 
four federal sodium lease tracts within the Piceance 
Basin in northwest Colorado, Rio Blanco County. 

The decision approves WRC's Mine Plan (the Proposed 
Action), subject to certain stipulations. 

Four alternatives were described and analyzed in the 
FE1S: 

- The No Action Alternative 
- The Proposed Action (125,000 Tons Per Year) 
- The 50,000 Tons Per Year Alternative 
- The 500,000 Tons Per Year Alternative 

WRC's proposal involves construction and operation of 
a commercial-scale nahcolite solution mine to 
produce sodium bicarbonate at a maximum rate of 
125,000 tons per year over a 30-year period. The 
proposal involves phased-approach development, with 
Initial production of 50,000 tons per year, Increasing 
in the second or third year of operation to 
125,000 tons per year. 

The Proposed Action would involve: expansion of 
the approved pilot project well field and plant site, 
including paving of the access road into the plant 
site (all affecting up to 215 additional acres), con-
struction of additional evaporation pounds (affecting 
up to 22 additional acres), construction of a natural 
gas pipeline into the plant site (involving 17 acres), 
and addition of a warehouse/rail loading facility at 
Lacy Station in Rifle, Colorado. 

The only potentially significant impacts associated 
with this alternative would be to local groundwater 
quantity and quality. There would be a 3.2 percent 
reduction in average daily flow from Yellow Creek. 
This would be mitigated through a state required 
water augmentation plan. The area of the base of 
the lower aquifer in contact with saline minerals 
would increase by approximately 20 percent within 
the lease tracts. 

Mined out cavities and potential subsidence could 
complicate future oil and gas drilling within the 
sodium well field. Potential surface subsidence of 
less than one foot would also occur. However, none 
of these impacts would be significant if the Iden-
tified mitigation measures are employed.

Mitigation and Monitoring 

According to the Bureau of Land Management (BLM), 
all practicable means to avoid or minimize environ-
mental harm from WRC's proposal (Proposed Action) 
have been adopted. All of the stipulations contained 
in the ROD are applied by ELM to the approved ac-
tion. These stipulations were developed as the 
result of a comprehensive, interdisciplinary analysis, 
and technical evaluation of WRC's five volume mine 
plan (with numerous revisions), numerous technical 
reports, and various information submittals. The 
sodium lease terms and conditions explicitly require 
protection of groundwater and oil shale resources. 
Many of the stipulations, especially those within the 
Well Drilling, Completion and Abandonment; Monitor-
ing; and Submittals sections, are contingent on, and 
may change based on data obtained during the ex-
perimental pilot-scale project and early stages of 
the commercial-scale project.	 Some of the major
stipulations are listed below. 

General 

The United States shall have the first opportunity to 
file a state water right for any Intercepted 
groundwater. The designated operator/lessee may 
file for water rights within the lease, only with a 
written waiver from the District Manager. The 
Bureau of Land Management concedes the existence 
of any water rights that , the Wolf Ridge Corporation 
and Its affiliates may own or control before the 
date of approval of this mine plan. 

Evaporation Paid 

The designated operator/lessee will be required to 
pump and haul waste water from the evaporation 
ponds to an approved disposal site If the evaporation 
ponds reach or exceed their design capacity, unless 
otherwise approved in writing by the authorized of-
ficer. 

The liners of the evaporation ponds will be underlain 
by a minimum of four inches of suitable soil 
material containing at least 95 percent material 
passing the No. 10 sieve (ASTM E-11 specifications) 
or other approved method. 

Well Drilling, Completion and Abandonment 

The annulus between the well bore and the 8 5/8-
Inch well casing will be filled with cement from the 
shoe of the 8 5/8-inch casing upward for 250 feet. 
Prior to horizontal drilling a Cement Evaluation Tool 
or equivalent log shall be run across this interval 
plus 100 feet above. 

As a minimum, the following plugs will be required: 

- A steel bridge plug will be placed at the 
base of the production casing 
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- 100 feet of cement will be placed above this 
steel bridge plug 

- A cement plug will be placed 20 feet above 
the Mahogany Zone down through to 120 feet 
into the Mahogany Zone and must be tagged 
to insure placement 

- 65 feet of cement will be placed at the 
surface. 

The intervals between the cement plugs will be 
filled with nine pound/gallon or heavier mud. 

Well spacing between cavities shall be adequate to 
ensure a 20-foot width at the top of the pillars 
that separate the cavities. 

Monitoring 

Weekly monitoring of the mud gel in the annulus be-
tween the 13 3/8-Inch surface casing and 8 5/8-inch 
well casing will be required and any observed 
changes and/or any remedial measures taken shall be 
reported monthly to the authorized officer. 

The designated operator/lessee will be required to 
complete a certain number of wells as dedicated 
hydrologic monitoring wells. These wells will supple-
ment the proposed monitor wells and will be located 
outside the well field and zone of influence of sub-
sidence, so they are effective throughout entire mine 
life. 

The designated operator/lessee will be required to 
monitor four groundwater zones: the unconfined 
water bearing zone (perched aquifer), the A-groove 
of the upper aquifer, the base of the lower aquifer, 
and the B-groove of the lower aquifer. Sampling 
for major components will be conducted at least 
once a month beginning six months prior to and 
continuing throughout mining operations, and minor 
components will be sampled annually. Monthly Sam-
piing shall continue for a period of up to three 
years after project cessation. 

If leakage (brines) from cavities exceeding State of 
Colorado standards for total dissolved solids is 
detected in the base of the lower aquifer, the 
operator will be required to (1) perform remedial 
action such as extracting the brines and disposing of 
them through surface treatment, evaporation, or deep 
well injection at approved facilities, and/or (2) con-
tain the brines within the base of the groundwater 
system and within the boundaries of the sodium 
leases, as determined by the BLM authorized officer. 

A detailed subsidence monitoring system will be sub-
mitted to detect and determine: 

- Extent of caving 

- Impact on Mahogany Zone due to caving 
and/or pillar failure 

- Any surface subsidence 

- Actual cavity configuration

The subsidence monitoring system will be in opera-
lion prior to sodium production and will continue for 
at least three years following project cessation. 

INFILTRATION INTO SPENT SHALE PILES RETARDED BY 
HYDRATION 

Much work has been carried out in the past few 
years analyzing the possible effects of leaching from 
spent shale disposal piles. However, none of these 
studies seem to have addressed the fact that a 
large amount of the water which infiltrates a dis-
posal pile will react with and be held by the spent 
shale. This effect was discussed by D. B. McWhorter 
at the 1987 Eastern Oil Shale Symposium held in 
Lexington, Kentucky in November. 

The potential for leachate generation by net infiltra-
tion is a function of the ambient precipitation-
evapotranspiration regime, vegetative cover, and sur-
face configuration. Prediction of the quantities and 
rates of leachate generation have been based on 
calculations ranging from rather simple conceptual 
models to sophisticated numerical simulations. It is 
the conclusion of all such studies that net infiltra-
tion will result in leachate only after very long 
time periods. 

These	 predictions	 of	 water	 movement	 in oil	 shale 
solid wastes have given no consideration to the	 fact 
that	 many	 such	 materials	 chemically	 react with	 the 
pore water.	 The	 influences	 of	 cementation	 on	 the 
strength	 of	 oil shale	 solids	 wastes	 has	 been recog-
nized	 and	 numerous	 publications	 document such	 ef-
fects.	 Observations	 have	 been	 reported on changes 
In hydraulic conductivity	 of Lurgi processed shale	 as 
the	 result	 of	 cementation.	 Although there	 is 
widespread	 recognition	 of	 the	 reduction	 of hydraulic 
conductivity	 resulting	 from	 cementation,	 McWhorter 
says	 there	 is	 only	 meager	 documentation in	 the 
literature.	 There	 is	 an even greater paucity of	 in-
formation	 relative	 to	 the	 influence	 that hydration 
(cementation)	 may	 exert	 on	 the	 hydraulic perfor-
mance of the waste piles.

McWhorter's paper contains an assessment of the ef-
fects of hydration on the hydraulic performance of 
waste piles. Specifically, the effect of liquid 
removal by hydration on the advance of net infiltra-
tion was examined. Penetrations of net infiltration 
for zero hydration, instantaneous hydration, and time 
dependent hydration were calculated and compared, 
independent of the effects of permeability reduction. 
Secondly, the effects of permeability reduction on 
the penetration of net infiltration were examined. 

Peuetrauai With No Hy&aticm 

Hydration of combusted oil shales results in the 
removal of pore water that would otherwise be 
available for flow and solute transport. A reduction 
in hydraulic conductivity also occurs. Both of these 
phenomena tend to retard the penetration of net in-
filtration. 
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McWhorter's calculations are made from a simple 
model of wetting front penetration, but the relative 
rates of wetting front penetration are expected to 
be quite realistic. An important condition in these 
computations is a constant influx of water to the 
waste pile. The influx is the long-term average in-
filtration in excess of that which is returned to the 
atmosphere by evapotranspiration. In arid and 
semi-arid climates this net infiltration can be ex-
pected to be on the order of 5-10 percent of the 
average precipitation. In humid climates, perhaps as 
much as 20-25 percent of average precipitation be-
comes net infiltration. 

The advance of net infiltration into a homogeneous, 
vertical profile with constant antecedent water con-
tent has been analyzed by numerous investigators. 
While no exact solution exists, a good approximate 
solution predicts gradually varying distributions of 
water content as shown in Figure 1. 

For the purposes of estimating the penetration of 
the wetting front at long times, it is satisfactory to 
approximate the water content distribution by a step 
function as shown in Figure 1, where Z is the coor-
dinate of the wetting front. 

An example given for a Lurgi processed shale sup-
posed this material to be emplaced with a 
volumetric water content of 0.12 and the average 
net infiltration is two centimeters per year. Under 
these conditions it was found that the rate of 
penetration of net infiltration is 10 centimeters per 
year.

FIGURE 1 

WATER CONTENT PROFILES 

idealized 

-;--- 1 - 

Penetntim with ilydration 

The calculation of wetting front penetration was 
then made assuming that hydration occurs instan-

taneously. Experiments were performed in which 
samples of combusted shale were moisturized to dif-
ferent levels and allowed to hydrate (cure) for 
20 days or more in sealed containers. At the end 
of the cure period, the samples were oven dried at 
105 0C to determine the fraction of the original 
added water that could not be removed. Water that 
could not be removed at 105°C was assumed to be 
chemically incorporated in the initially anhydrous 
solid. 

Figure 2 shows the degree of hydration as a func-
tion of the initial water content. The ordinate is 
the weight of water chemically retained in the solid 
expressed as a fraction of the anhydrous weight of 
the solid. The abscissa is the initial water content 
expressed as a weight fraction of the anhydrous 
weight. These data indicate that the capacity for 
hydration is about 3.2 percent of the weight of the 
anhydrous solid for the two Lurgi processed shams 
used in the experiments. Interestingly, the capacity 
for hydration was achieved only for initial water 
contents above about 0.3.	 Less than full hydration 
occurred at lower initial water contents, even 
though more than sufficient water was available for 
hydration. This phenomenon is common to all com-
busted shales that have been subjected to this test, 
according to McWhorter. 

The wetting front advance was calculated in the 
previous example for a nonhydrating waste with an 
Initial volumetric water content of 0.12. This 
volumetric water content would be achieved in a 
nonhydrating material with dry bulk density of 
1.2 grams per cubic meter by addition of 0.10 grams 
of water per gram of dry solid. Suppose, now, that 
0.10 grams of water are added to each gram of 
anhydrous waste that subsequently hydrates according 
to the relation shown in Figure 2. Then about 
0.02 grams of water will hydrate leaving 0.08 grams 
of liquid water to create an initial volumetric water 
content.

FIGURE 2 

WEIGHT OF WATER HYDRATED AS A
FUNCTION OF INITIAL WATER CONTENT 
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Again, using an infiltration of two centimeters per 
year and the same unsaturated hydraulic conductivity 
data as before, it was found that the removal of 
liquid water by hydration retards the rate of wet-
ting front advance by 15 percent as compared to 
the nonhydrating case. It is emphasized that no ac-
count has been made for the reduction in hydraulic 
conductivity due to hydration. Only the effects of 
liquid removal have been considered so far. 

Penetration Affected by Permeability Reduction 

In McWhorter's final analysis, the penetration of the 
wetting front, as affected by both liquid removal 
and permeability reduction, Is calculated. With 
respect to liquid removal, hydration is assumed to 
occur instantaneously. The time dependence of 
hydraulic conductivity is accounted for explicitly, 
however. 

The water content must now be considered a func-
tion of time because the permeability reduces as 
hydration occurs. The increased resistance to flow 
resulting from hydration is countered by an increase 
in water content (and a corresponding increase in 
relative permeability) sufficient to maintain a con-
stant flow rate under the driving force of gravity. 

Experimental evidence shows that the hydraulic con-
ductivity at saturation is a decreasing function of 
time for hydrating oil shale wastes. There are no 
experimental data indicating whether or not the 
relative conductivity is also time dependent. 
Theoretically and experimentally the relative conduc-
tivity for non-reactive porous media is a function of 
the relative pore-size distribution. It is reasonable 
to expect that cementing reactions have a less 
dramatic effect on the relative pore-size distribution 
than on the absolute size of the pores. If such is 
the case, it is reasonable to assume that the rela-
tive conductivity is independent of time. 

However, the relative hydraulic conductivity is dif-
ferent from different materials and must be 
measured. 

Figure 3 contains data showing the trend of 
saturated hydraulic conductivity for a Lurgi 
processed oil shale. The data illustrate the decline 
of saturated hydraulic conductivity as the material 
hydrates.	 Data for other combusted shales show a 
much more dramatic reduction. 

Example calculations shown in Table 1 illustrate that 
the permeability reduction indeed causes the wetting 
front to lag that calculated for the same material 
with no reduction in permeability. 	 The important 
observation, however, Is that a factor of 
10 reduction in saturated hydraulic conductivity 
caused only a 25 percent reduction in wetting front 
penetration. The seemingly curious fact that a 10-
fold reduction in saturated hydraulic conductivity 
caused only a 25 percent reduction in wetting front 
penetration is understandable in terms of the 
capacity of the unsaturated material to transmit 
water under the influence of gravity. 	 McWhorter

FIGURE 3 

REDUCTION OF SATURATED
HYDRAULIC CONDUCTIVITY WITH

TIME FOR LURGI PROCESSED SHALE 

TIME. ay. 

TABLE 1 

EFFWT OF PERMEABILITY RWFIG4 G4
WKI7IYC FffinF PENETRATION 

Tim 
Days iwL.fwo 

0 1.0 1.0 
1 0.884 0.65 
5 0.828 0.34 

10 0.784 0.19 
15 0.755 0.12 
20 0.744 0.10

Ziw = Depth of wetting front with
permeability reduction. 

Z fwo = Depth of wetting front without 
Permeability reduction 

K5 = Hydraulic conductivity at saturation 

K5 (0) = Initial saturated hydraulic 
conductivity 

explains that, when gravity is the sole driving fore 
the water content automatically adjusts so that the 
hydraulic conductivity becomes equal to the imposed 
flux. If the imposed flux is greatly smaller than 
the saturated hydraulic conductivity, as is the case 
illustrated here, the material could transmit n much 
greater flux if it were available. 	 Even a 10-fold
reduction in saturated hydraulic conductivity (K 5 ) is 
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countered by a rather modest increase in volumetric 
water content (from 0.32 to 0.399 in this example). 
This modest increase in water content causes the 
relative hydraulic conductivity, Kr to rise by the 
exact amount that K5 is reduced. Thus, the water 
experiences the same effective resistance to flow at 
all times. The reduction in penetration depth does 
not, therefore, result from an increased resistance to 
flow. Rather It is entirely a matter of a large dif-
ference in water content across the wetting front. 

There Is, of course, an upper Umit to the	 flux that 
can	 be	 transmitted	 through a	 given material by 
gravity.	 This	 upper	 limit	 is equal to the saturated 
hydraulic	 conductivity,	 K. If	 at	 any time, the 
saturated	 hydraulic	 conductivity	 is	 reduced	 to	 a 
value	 less	 than	 the	 imposed flux,	 the material be-
comes saturated and a "back pressure" develops that 
opposes the downward flux. This is manifest by the 
development of a perched water table in the porous 
material.

As was the case for the effects of liquid water 
removal by hydration, the above calculations show

the effects of the kinetics of the associated per-
meability reduction also to be unimportant. Even if 
the reduction in hydraulic conductivity occurs over 
several months, as opposed to the few weeks in this 
example, the time dependence of the hydraulic con-
ductivity will influence the penetration of net in-
filtration for a time period that is negligible rela-
tive to the time required for complete penetration. 
McWhorter points out that this conclusion is not to 
be misconstrued to Imply that the cementation 
processes are unimportant. Rather it is only the 
time dependence of the hydration processes that are 
negligible In the field setting. 

Cx.clusions 

The greatest relative retardation will occur in highly 
reactive materials emplaced at low water contents 
subjected to small input net infiltration. For realis-
tic conditions, it is not expected that retardation by 
this mechanism alone will exceed about 50 percent. 
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WATER 

ADDENDUM TO EIS ISSUED FOR RUEDI ROUND U 
WATER SALES 

The United States Department of the interior, Bureau 
of Reclamation, in January issued an Addendum to 
the Draft Supplement Environmental Impact Statement 
for the Rued! Reservoir, Colorado, Round II Water 
Marketing Program as part of the Fryingpan-Arkansas 
Project. 

Background 

In 1982, after the Bureau of Reclamation (Bureau) 
had completed the Ruedi Round I water sales, it was 
determined that additional proposed water sales from 
Ruedi Reservoir could have significant environmental 
impacts because of the magnitude of the sales. The 
Bureau identified a Preferred Alternative and a Draft 
Supplemental Environmental Statement (DSES 83-69) 
to the FES Final Environmental Statement 75-43 on 
the Fryingpan-Arkansas Project was prepared. The 
impact evaluations included in the DSES 83-69 were 
based on a "worst ease" scenario where all the 
projected water available for sale had been sold and 
was being delivered as potential water users indi-
cated their demand would occur. 

After publication of DSES 83-69 in 1983, the Bureau 
entered into endangered species consultation with the 
Fish and Wildlife Service (FWS) in June 1984, as re-
quired by the Endangered Species Act of 1973, con-
cerning the proposed sale of water from Rued! 
Reservoir. During the consultation process, the 
Bureau requested the FWS to combine the proposed 
biological opinions for Rued! Round II and Green 
Mountain water sales. The respective proposed sales 
are	 51,500	 acre-feet	 from	 Rued!	 and
22,800 acre-feet from Green Mountain Reservoirs. 

In July 1986,	 the FWS distributed a combined 
biological opinion, which recommended 
10,000 acre-feet (AF) of releases from Rued! Reser-
voir for the conservation of Colorado River endan-
gered species. To accommodate this recommendation, 
the Bureau would withhold 5,000 of the 51,500 AF 
from sales; the water withheld from sale would be 
treated as if it were contracted to an industrial 
user. Also, an additional 5,000 AF of water would 
be made available for endangered fish flows from 
Ruedi in the months of July through October through 
modified operation of Ruedi Reservoir. 

The purpose of these flows would be to offset 
cumulative and site-specific impacts of the water 
sales on endangered fishes in the upper Colorado 
River. Typically, the proposed releases are intended 
to enhance Colorado squawflsh spawning and recruit-
ment in the Colorado River. These proposed releases 
from Rued! Reservoir are also a component of a 
comprehensive program to recover the endangered 
fish in the upper Colorado River basin.

This new strategy is referred to as the Preferred 
with Conservation Measures Alternative. 

No Action Alternative 

This alternative reflects the present level of water 
sales from the reservoir and the present reservoir 
operational practices. The first-round water sales of 
7,850 AF included 1,850 AF of augmented water 
sales for municipal and domestic uses and 6,000 Al' 
of augmented water sales for industrial use. The 
sales level of 7,850 AF represents the maximum 
amount of water which would be sold from Rued! 
Reservoir during an extremely dry year. However, 
modeling Indicated a maximum sale of only 4,700 AF 
would ever occur during the period of study 1948 to 
1983. This is because the water purchasers in 
Round I purchased water greatly in excess of their 
actual needs. 

The No Action Alternative constitutes the baseline 
against which other alternatives are judged. The No 
Action Alternative has a maximum delivery of 
7,200 AF, and Rued! Reservoir usually has over 
100,000 AF of volume each year on September t, 
and the drawdown during the summer averages only 
four feet. There is only a three percent chance 
that the reservoir will be below 85,000 AF on Sep-
tember 1 of any year. With the No Action Alterna-
tive, revenues from water sales are not great 
enough to repay construction costs in accordance 
with the Operating Principles. The No Action Alter-
native is therefore not a preferred operational alter-
native. 

Preferred Altenwtive 

The previously identified Preferred Alternative repre-
sents a modification of the maximum unconstrained 
yield of the reservoir capacity. Water sales would 
be restricted to the available water supply provided 
by Rued! Reservoir with 28,000 AF being available 
annually for replacement purposes. This conforms 
with the intent of the project authorization to 
provide up to 28,000 AF of capacity in Ruedi Reser-
voir equivalent to that which would have been 
provided by the proposed Aspen Reservoir for re-
placement and other purposes. This alternative 
would yield a marketable water supply of up to 
51,500 AF (including both Round I and Round II 
sates) under a dry-year condition, depending on the 
demand pattern, reflecting Round II shortages of up 
to 15 and 30 percent, respectively, for industrial 
and municipal/domestic uses. 

Many of the proposed municipal requests for Ruedi 
water in the USES 83-69 were based on anticipated 
population increases as Colorado's oil shale industry 
expanded. Because of changes in the world oil 
market, it now appears that the requesting entities 
of 1983 may reduce their projected demand for 
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water. However, it Is still anticipated that the re-
quests for water will reflect approximately an 
80:20 ratio between industrial and municipal/domestic, 
respectively. 

The minimum reservoir content in an average year, 
such as 1975, during the summer recreation period 
(June-August) would be about 96,200 AF. During a 
dry year however, reservoir content could drop as 
low as 52,900 AF, well below the 85,000 AF storage 
level required for several boat ramps on the reser-
voir. 

Preferred with Cervatiai Measures Alternative 

The new Preferred with Conservation Measures Alter-
native is a modification of the Preferred Alternative 
based on the Biological Opinion rendered by FWS. 
Basically, the agreement Is that the Bureau would 
withhold 5,000 AF from the volume previously an-
ticipated for sale to industrial users. This amount 
would be made available for Instream flows for 
Colorado River endangered fish downstream of 
Palisade, Colorado, in the months of July through 
September. The water withheld from sale would be 
treated as If It were subject to contract to an in-
dustrial user. Also as part of this alternative, on 
an average of at least four out of every five years, 
an additional 5,000 AF would be made available for 
endangered fish flows from Ruedi in the months of 
July through October through modified operations at 
Ruedi. 

This alternative would yield a marketable water 
supply of up to 51,500 AF under a dry-year condi- 
tion. This figure does not include the 5,000 AF 
withheld for the conservation measures, but does in-
clude the 7,850 AF of the Round I sales. 

The minimum reservoir content in an average year 
during the summer recreation period (June-August) 
would be about 97,000 AF and would be about 
53,250 AF in a dry year. It thus exceeds the ex-
pected values in the previous Preferred Alternative. 
This is intended to satisfy the objections of many 
recreational users, who voiced objections to any 
reduction in recreational values which might result 
from measures to aid endangered fish (Pace Synthetic 
Fuels Report, September 1987, page 2-38). 

Many recreational facilities at Ruedi are designed to 
operate only at relatively full reservoir levels. At 
a reservoir level below 52,000 AF all three reservoir 
boat ramps are out of the water. 

If the Preferred Alternative were implemented, 
municipal and industrial sales patterns would result 
in releases primarily in the late summer and fall 
months. Reservoir volumes would have a 
100 percent probability of equaling or exceeding 
52,000 AF at the end of June, July, and August, and 
an 83 to 97 percent probability at the end of all 
other months. The probability that end-of-month 
storages would exceed 95,000 AF In June, July, and 
August are 88.9, 77.8 1 and 41.7, respectively.

The Preferred with Conservation Measures Alternative 
creates an 80.6 percent probability that reservoir 
end-of-month storage volumes would equal or exceed 
95,000 AF in June and July, but only a 33.3 percent 
probability of such an occurrence in August. 

Threatened and Endangered Fahas 

Flow depletions in the Colorado River have been a 
major factor in the past decline of Colorado squaw-
fish. The Ruedi Reservoir water sales project would 
alter the flow of the Colorado River by augmenting 
the flow at times and depleting it at other times. 
Flow reductions during late fall and winter are 
generally 10 to 30 cubic feet per second, or about 
a one percent change. According to the Bureau, 
these small depletions and augmentations by them-
selves would not affect the Colorado squawfish. The 
exception to this generalization would be a 15-mile 
reach of the river just above the mouth of the 
Gunnison River. This reach presently is nearly dry 
during late summer of low-flow years. The Ruedi 
Reservoir releases would slightly improve this situa-
tion by slightly augmenting the flow during the dry 
periods. Therefore, Colorado squawfish in this 15- 
mile reach may be helped during the low-flow years, 
but this probably would not affect the overall health 
of the population. 

Operation of the Ruedi Reservoir water sales by It-
self would not affect the humpback chub for the 
same reasons as discussed for Colorado squawfish. 
Known populations are too far downstream to be 
directly affected and the depletion is too small to 
affect humpback chub by itself. 

The bonytail chub Is nearly extinct in the portions 
of the Colorado River of concern here, and there-
fore, the proposed project would have no effect on 
this species. 

The depletions from the Colorado River discussed 
above would not by themselves cause negative im-
pacts to razorback suckers for the same reasons dis-
cussed for the Colorado squawfish. 

Biological Opinion 

The revised Biological Opinion was issued by the FWS 
in June 1987. It Is more positive about the effects 
on endangered species. 

The focus of the combined Biological Opinion is on 
the depletion impacts on the currently occupied 
habitat of endangered Colorado River fish. 

Using the Preferred with Conservation Measures Al-
ternative in which flows are distributed equally 
throughout August and September, the FWS concludes 
that the Ruedi Reservoir Round II water marketing 
program Is not likely to jeopardize the continued 
existence of the Colorado squawfish. Similarly, car-
rying out the specified conservation measures should 
offset impacts to the bonytail chub and humpback 
chub. Thus the sales are not likely to jeopardize 
these species. 
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When the 10,000 AF of water are added to the river 
with water right priorities sufficient to ensure that 
the water arrives at the 15-mile reach, the FWS 
reports noticeable flow and habitat gains in August 
and September. Adult habitat conditions were im-
proved by 3.0 to 18.8 percent, with the largest gain 
being evident in September of dry water years. 
Spawning	 habitat	 in	 August	 increases	 from
3.8 percent in average years to 14.8 percent in dry 
years. These gains in habitat should have a positive 
effect on Colorado Squawfish spawning and recruit-
ment In the 15-mile reach. 

Based upon these findings, the FWS believes that the 
provision of 10,000 AF of water will offset the im-
pact of the proposed water sales, and thus avoid 
the likelihood of jeopardy to the Colorado squawflsh. 
Also the provision that would allow the 10,000 AF 
to be legally protected and managed to benefit the 
endangered fishes will provide flexibility to achieve 
flow/habitat conditions that are conducive to the 
survival and recovery of the species. 

COLORADO RIVER SALINITY CONTROL PROGRAM 
MOVING AHEAD 

Despite recent budget cuts and schedule stretchouts, 
the Colorado River Basin salinity control program 
continues to progress toward the goal of reducing 
the salt load in the river to 1972 levels at 
California's imperial Dam before the Colorado River 
flows into Mexico. The status of the program was 
recently reviewed in the columns of the Vernal 
(Utah) Express. 

It is an example of a specialized western water 
program that is moving ahead in the face of budget 
problems that affect all natural resources programs. 
According to the United States Department of 
Agriculture (USDA) their portion of the program is 
running only about a year behind schedule. The 
program is necessary because of the United States 
treaty commitment to Mexico and because of the re-
quirement by law to meet water quality standards. 

The USDA funding for Colorado River salinity control 
in fiscal year 1987 totaled $4.6 million. The money 
went to USDA's Agricultural Stabilization and Conser-
vation Service (ABCS). The ASCS administers the 
program for USDA including its cost-sharing features. 
Of that total, ASCS turned over $2.1 million to the 
Soil Conservation Service (SCS) to provide technical 
assistance to farmers--the largest annual sum 
provided to SCS to date to use for salinity control. 
SCS is mandated to work directly with farmers in 
the Upper Basin states of Colorado, Utah, Wyoming 
and New Mexico to help them carry out irrigation 
practices that reduce the salt content upstream in 
the irrigation water returning to the Colorado River.

That portion of the program handled by the Bureau 
of Reclamation In the Department of the Interior 
(DOl) Is running between three to five years behind 
schedule. The program has been cut back somewhat 
during the recent high water years on the Colorado 
River because salinity in the river is way down. 

The Bureau has stretched out construction on the 
desalting plant that it Is building at Yuma, Arizona. 
It will be several more years before the desalting 
plant is completed. The Bureau has also stopped 
work on a salinity project at Las Vegas Wash in 
Nevada. 

Interior's portion of the total program totals 
$915.8 million, and work on it is about half com-
plete. The program continues to get funded annually 
relatively close to the projected leels for several 
masons. Most of the large population centers in 
the west are In Colorado River Basin states. The DOl 
estimates about 18 million people in Southern 
California, Arizona, Nevada, Utah, New Mexico, 
Colorado and Wyoming depend on the Colorado River 
for all or a portion of their water, 	 including
13 million in Southern California alone. 

No administration and none of the seven Colorado 
River Basin states wants a repeat of the flare-up 
over Colorado River problems with Mexico that oc-
curred in the late 1960's and early 1970's and 
resulted in the authorization of the Colorado River 
Basin Salinity Program In 1974 (P.L. 93-320). 

The four Upper Basin states--Colorado, New Mexico, 
Utah and Wyoming--favor the program, because they 
contribute most of the salt content to the Colorado 
River, and it helps them meet the federal water 
quality control standards set by the Environmental 
Protection Administration. 

The seven Basin states in the mid-70's established 
the Colorado River Basin Salinity Control Forum, 
headquartered near Salt Lake City. The Forum has 
proved to be effective in keeping Colorado River 
Basin salinity problems on the front burner in the 
Basin states. 

Of the $498 million now targeted to complete the 
Colorado River salinity control program, the USDA 
portion represents about 40 percent, or $200 million. 
SCS's on-farm work has been mainly on the big 
Grand Valley project in Colorado. 

The SCS has also assigned a top priority to the Uin-
tah project in Utah, with the Big Sandy project in 
Wyoming and the McEImo project in Colorado next on 
the list. The program helps farmers put in sprinkler 
irrigation systems and carry out land leveling and 
other practices to cut down on the amount of salt 
returning to the river. Interior has been lining the 
main irrigation canals to cut down on seepage from 
irrigation ditches. 

Cost of the work Is shared, with USDA picking up 
from 50-70 percent, depending on the type of work 
done.	 Farmers and states pick up the rest under 
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cost-share agreements. Cost of removal of a ton of 
salt from the Colorado River is estimated to range 
between $40 and $150 a ton, averaging out at about 
$100 per ton. 

FWS ISSUES FINAL RECOVERY PLAN FOR COLORADO 
RIVER FISH	 - 

The United States Department of the Interior, Fish 
and Wildlife Service, has issued its final Recovery 
Implementation Program for endangered fish species 
In the Upper Colorado River Basin. This program Is 
of importance to any future industrial developments 
in the region. 

This program represents the culmination of over 
three years of Intense discussions, data analysis, and 
negotiations by representatives of the Fish and 
Wildlife Service; Bureau of Reclamation; the State of 
Colorado, Utah, and Wyoming; and environmental and 
water development interests. 

The Recovery Program document provides the 
framework upon width recovery of three species of 
endangered fish and the management of a fourth fish 
species in the Upper Colorado River Basin is to be 
based. Three species, the Colorado squawfish, 
humpback chub, and bonytail chub, have been listed 
as endangered by the Secretary of the Interior under 
the Endangered Species Act of 1973. The fourth 
species, the razorback sucker, is a candidate for 
federal listing under this Act. The ultimate goal of 
this recovery program in the upper basin is to 
recover and delist the three endangered species and 
to manage the razorback so It would not need the 
protection of the Endangered Species Act. 

Background 

While each of the four species was once abundant In 
the Upper Colorado River Basin, they have been 
declining in number and are threatened with extinc-
tion from their natural habitat (see Figure 1). A 
number of factors account for the current status of 
these species, ranging from habitat reduction or al-
teration to introduction of nonnative species. The 
Fish and Wildlife Service has maintained since 1978 
that a jeopardy situation exists because of habitat 
loss and other factors and because of the declining 
numbers of the endangered fish due to these factors. 

Protection and recovery of these species will require 
resolution of a broad set of potentially difficult 
Issues. First, these fish species are found in two 
states in the upper basin (Colorado and Utah), and 
at least one, the Colorado squawfish, Is migratory. 
Second, protection of these species' habitat neces-
sitates maintenance of some level of instream flows, 
yet the relationship between state water rights sys-
tems and federal responsibilities in this area Is a 
sensitive one. Finally, improving the status of these 
rare fish will require an increase in population

abundance and survival, and improvement and main-
tenance of sufficient habitat to support all four 
species. 

The protection of endangered fish species of the Up-
per Colorado River Basin under Section 7 of the En-
dangered Species Act threatened to embroil all in-
terested parties in a confrontation between resource 
protection and resource development. The parties 
recognized that such a confrontation was unlikely to 
result in progress toward recovery of the listed 
species and could lend a measure of uncertainty to 
future water resource development in the upper 
basin. As a result, the parties endeavored to ac-
commodate their competing demands through discus-
sion and negotiation. 

The forum for these discussions was the Upper 
Colorado	 River	 Basin	 Coordinating	 Committee 
(Coordinating Committee). The Coordinating Com-
mittee was formally established in late summer 1984 
by a Memorandum of Understanding among the Fish 
and Wildlife Service, the Bureau Reclamation, and 
the States of Colorado, Wyoming, and Utah. The 
memorandum also established a technical steering 
committee and subcommittees which were responsible 
for compiling and assessing data and for making 
final recommendations to the Coordinating Committee. 
Representatives of water users and water develop-
ment proponents, as well as of conservation or-
ganizations, were members of these committees. 

The Coordinating Committee's formal charge was a 
narrow one. Recognizing that earlier consultations 
under Section 7 of the Endangered Species Act had 
found that new water projects would likely jeopard-
ize the continued existence of the listed fish 
species, this committee was to Identify reasonable 
and prudent alternatives that would preserve the 
species while permitting new water development to 
proceed in the upper basin. 	 However, during their 
discussions, the parties concluded that both the 
biological requirements of the tour species and the 
hydrology and management of the Upper Colorado 
River Basin are exceedingly complex. They also 
concluded that a systematic approach was needed in 
order to achieve the committee's fundamental objec-
tive of accommodating rare fish species conservation 
with continued water resource development in the 
upper basin. 

Program Summary 

There are five principal elements or tasks in the 
recovery program: 

- habitat management 
- habitat development and maintenance 
- native fish stocking 
- nonnative species and sportfishlng 
- research, data management, and monitoring 

It was realized that the situation in the upper basin 
is exceedingly complex and that there is insufficient 
knowledge to determine precise needs. However, 
there was consensus among all parties that full im-
plementation Is necessary. 
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FIGURE 1 

PRESENT DISTRIBUTION OF RARE FISH SPECIES IN THE UPPER BASIN 
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This program establishes a unique approach for 
protecting Instrearn flows for rare fish species! 
habitat. First, a new fund will be created to be 
used for acquisition of water rights and other 
property interests. Second, the Implementation Com-
mittee will be responsible for seeing that the Serv-
ice expeditiously determines flow requirements. The 
Implementation Committee will make final recommen-
dations on strategies for establishing instream flows

after consultation with state and other experts. It 
Is expected that the Service will carry out the Im-
plementation Committee's recommendations on flow 
acquisition but will do so by working with the state 
agencies that are responsible for instream flow 
protection. Under this program, water rights will be 
appropriated, acquired, and administered pursuant to 
state law.	 Reclamation will assist in meeting in-



stream flow requirements for the rare fish through 
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rare species ($10 million) and for other critical 
capital expenditures ($5 million). 

the refined operations of Flaming Gorge, Blue Mesa, 
and Ituedli Reservoirs in a manner consistent with all 
applicable laws. 

Because the recovery program Is intended to provide 
water rights for instream flows for rare fish, the 
Service will consider this approach under Section 7 
consultation as offsetting depletion impacts. Through 
this approach, depletion impacts of proposed water 
and water-related projects would not likely jeopard-
ize endangered species if project proponents par-
ticipate in and contribute toward conservation 
measures under this program. Nondepletion impacts 
(direct impacts) of water projects such as those 
caused by construction, inundation, or temperature 
modifications resulting from reservoir releases will, 
however, still be subject to recommendations to off-
set such impacts pursuant to Section 7 of the En-
dangered Species Act. 

While flow protection Is Important to the main-
tenance of rare fish habitat, development and 
enhancement of nonflow habitat techniques will also 
contribute to a balanced approach to the species' 
recovery. Those habitat management techniques that 
are determined to be useful to recovery will then 
be employed at suitable locations in the upper basin. 
One approach that is particularly promising is con-
struction of grow-out (rearing) ponds, where fry and 
young-of-the-year could be reared under conditions 
closely similar to those that exist in the wild and 
from which they can be released into suitable 
habitat within their historic range in the upper 
basin. 

If it Is determined that hatchery-reared fish will 
contribute to recovery, production of hatchery-reared 
stocks will be Initiated. Because the bonytail chub 
is on the verge of extinction, it will be immediately 
reintroduced into the wild to attempt to improve its 
status and to permit more careful study of Its 
habitat requirements. Stocking and management of 
nonnative species will also be carefully monitored 
and controlled through a cooperative effort between 
the state wildlife agencies and the Service to mini-
mize negative interactions between these species and 
the rare native species. 

Several sources of funding will be needed to finance 
the recovery program, including funds from the 
federal government, the States of Colorado, Utah, 
and Wyoming, power and water users, and private 
donations. Funding will be used to finance both an-
nual operations and capital expenditures associated 
with the recovery program. The annual operating 
cost of the recovery program is estimated at 
$2.3 million which will cover activities such as 
monitoring, research, species and habitat management, 
acquisition feasibility studies, additional annual flow 
acquisition expenditures, information and education, 
and program management. 

In addition to the annual budget, a minimum of 
$15 million will be needed from Congress to be used 
under advisement of the Implementation Committee 
for acquisition of water rights to provide flows for

New water project proponents involved in Section 7 
consultation will also contribute financially to the 
recovery program. Project proponents will make a 
one-time contribution of $10 per acre-foot based on 
the estimated average annual depletion of the 
project. Existing and future Reclamation projects 
will be exempt from the depletion charge, since they 
will refine operations to provide water for rare 
species and contribute financially to the program. 

The goal of this program for the three endangered 
species is recovery and delisting in the upper basin. 
In general, this would be accomplished when the 
habitat necessary to maintain self-sustaining popula-
tions has been determined and provisions are in 
place to maintain and protect that habitat and these 
species. To provide an adequate period to ac-
complish this objective, 15 years has been specified 
as the initial timeframe for completion of the 
recovery program in the upper basin. 

Habitat Management 

The four rare fishes, historically located throughout 
much of the upper and lower basins have become 
restricted in distribution and abundance because of 
obstructions to migration, changes in flow regime, 
and other physical and biological factors. To 
provide for their recovery, it is necessary to protect 
sufficient habitat to support self-sustaining popula-
tions. One way of accomplishing long-term protec-
tion of the habitat is by acquiring or appropriating 
water rights to ensure instream flows. 

Determining ReNtal Flow Needs 

Instream flow needs are based upon the habitat re-
quirements of the rare fish species at various life 
stages. Sensitive reaches requiring specific instrearn 
flows will be identified by the Fish and Wildlife 
Service in consultation with the states and other 
appropriate parties. The success of the recovery 
program Is contingent upon the provision of water 
rights for instream flows that satisfy the require-
ments of the Endangered Species Act, pursuant to 
state law. The manner in which this will be imple-
mented is described below. 

1. ADMINISTRATION	 OF	 INSTRCAM	 FLOWS	 IN 
COLORADO: The State of Colorado has in place 
a law that allows for the appropriation and ac-
quisition of water rights to preserve the 
natural environment to a reasonable degree 
[Colo. Rev. Stat. 37-92-102(3)]. Instream flows 
for stream segments within the State of 
Colorado, including those supplied by Ruedi and 
Blue Mesa Reservoirs for instream purposes, will 
be appropriated and acquired by the Colorado 
Water Conservation Board pursuant to the re-
quirements of state law. 

2. ADMINISTRATION OF INSTREAM FLOWS IN UTAH: 
There are several mechanisms in place in Utah 
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which might be used to protect instream flows. 
The 1986 Legislature passed a law which gives 
the Division of Wildlife Resources limited 
authority to acquire water for protection of 
public fisheries (with legislative approval). Un-
der this authority, the Division of Wildlife 
Resources can hold an instream flow right 
which would be administered by the State En-
gineer under the water rights system. Also, an 
opportunity exists to protect specified instrearn 
flows in critical reaches by contract or ad-
ministrative agreement with holders of ap-
propriate water rights (similar to agreements on 
the Bonneville Unit, Central Utah Project). 

Identification of instream flow needs and potential 
sources of water to meet those needs will be con-
ducted on a site-specific basis. Fable 1 indicates 
where various sources of water may be most impor-
tant. 

Habitat Development and Maintenance 

Alteration and loss of habitat have contributed to 
the decline of the four Colorado River fishes. 
Recovery of these species may be aided by develop-
ing or enhancing habitat through management tech-
niques, such as iristream flows, creation of back-
waters, or other nonftow activities, etc. 

Habitat management techniques will be tested in a 
variety of habitat types, including backwaters, 
spawning habitat, grow-out (rearing) areas, or will 
be used to open new habitat through the construc-
tion of fish passages and jetties. Testing would ad-
dress the questions of quantity of specific habitats 
needed and the problems associated with habitat 
quality. 

Stocking of Rare Fish Specie

it has been found in insufficient number to support 
a viable population; only five individuals have been 
captured in the upper basin in the past few years, 
all from the Colorado and green Rivers. Hybridiza-
tion is suspected of being a problem among the 
various species of chub. Recent data indicate that 
the razorback sucker is very rare, and its population 
Is limited to a small number of very old adult fish; 
successful recruitment in the wild has never been 
documented. 

Research with hatchery-reared fish may provide a 
method to effectively increase rare fish populations 
to the level where deductions can be drawn about 
their habitat needs and biological Interactions and 
thus eventually provide a mechanism to enhance 
their recovery. however, numerous factors that af-
fect the survival of any fish species, such as prey 
abundance, predation, disease, habitat quality, or 
quantity, may also affect the survival of introduced 
hatchery-reared fish. For example, five years of 
stocking the razorback sucker in stretches of the 
lower basin has not resulted in any significant docu-
mented poststocking survival. 

All four species have been raised successfullly in 
hatchery facilities in the lower or upper basins and 
stocked in numerous areas in both basins. Stocking 
success is low to unknown. There are presently 
hatchery and/or wild populations of squawfish, 
humpback chub, razorback sucker, and bonytail chub 
that can be used to rear sufficient numbers In 
hatcheries for research or limited reintroduction. 
However, there is concern over genetic and disease 
problems relating to these fish. The existing 
hatchery populations consist of a few individuals 
that are relatively old and inbred. Efforts must be 
made to Improve and maintain genetically healthy 
and viable hatchery populations. 

Effect on Development Projects 
Colorado squawfish and humpback chub are reproduc-
ing	 in	 the	 upper	 basin,	 but their	 long-term Obtaining, administering, 	 and	 protecting	 instream 
reproductive success is unknown. The bonytail chub flows	 are defined	 as	 recovery	 activities	 under	 this 
appears to be in Imminent danger of extinction since program. Since	 this	 program	 sets	 in	 place	 a 

TABLE 

Par4Tla SOURCES OF WATER By RIVER REACH 

River Source 

Green Refinement Of Operation At Flaming Gorge 
Acquisition Of Water Rights On Yampa River 

Colorado Refinement Of Operation At Blue Mesa, Ruedi 
Withholding Of Water At Ruedl 
Acquisition Of Water Rights 
Acquisition Of Existing Storage Water 

Yampa /White Acquisition Of Water Rights 
Acquisition Of Existing Storage Water
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TABLE 2 

KMM4 R  OF QCERN 

River Reach Reason 

Colorado Black Rocks	 (RM 135-136) (1) llwrpback Spawning Area 
Possible Bonytail Habitat 

Westwater (1*4 116-124) Hunpback Habitat 

Green Gray Canyon/Three Fords Squawfish Spawning Area 
(1*4 148-160) lltrrpback Habitat 

Possible Bonytail Habitat 

Yanpa (aM 0-56) Squawfish Spawning Area 
humpback Habitat And 
Spawning Area 
Possible Bonytail Habitat 

White (aM 0-21) Squawfish High 
Concentration Area

denotes river mile 

mechanism and commitment to ensure that these in-
stream flows are protected under state law, the 
Service will consider these elements as offsetting 
project depletion impacts. Therefore, project-related 
depletion impacts In all river reaches would not be 
considered to jeopardize endangered species. 

As a means of avoiding jeopardy, a one-time con-
tribution will be based on the average annual deple-
tion of a project, at the rate of $10 per acre-foot, 
to be adjusted annually for inflation.

However, there are certain river reaches that are 
known at this time to be extremely important to the 
protection and recovery of these fish (see Table 2) 
for which the recovery program does not offer any 
offsetting mechanism to future direct impacts. 
Proposed actions which would result in direct Impact 
to these areas would likely result in a situation for 
which no reasonable alternatives exist. 
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RESOURCE 

USGS ISSUES BIBLIOGRAPHY OF GREEN RIVER 
FORMATION GEOLOGY 

The United States Geological Survey has issued 
Open-File Report 80-466, "Bibliography of the Geol-
ogy of the Green River Formation, Colorado, Utah, 
and Wyoming by Marjorie C. Smith. This publication 
supersedes Geological Survey Circulars 675 and 754. 

The introduction to the report notes that the Green 
River Formation in northwestern Colorado, north-
eastern Utah and southwestern Wyoming contains 
thick and extensive deposits of oil shale. The 
richest oil-shale deposits underlie an area of 
12,000 square kilometers in the Piceanee Creek and 
Uinta Basins in northwestern Colorado and north-
eastern Utah. Cashion and Donnell (1968) reported 
that these basins contain about 105 billion metric 
tons of oil in beds which are more than 4.6 meters 
thick and which contain an average of 5.7 percent 
of oil by weight. Much additional oil is present in 
beds that contain less than 5.7 percent oil or are 
less than 4.6 meters thick in these basins and in 
other areas underlain by the Green River Formation. 
Duncan and Swanson (1965) estimated that the known 
recoverable and marginal resources of oil in the en-
tire Green River Formation are about 280 billion 
metric tons.	 In 1986, however, none of the oil 
shale was being mined for oil on a commercial basis. 

The Green River Formation also contains gilsonite, 
bituminous sands, oil and gas, and sodium and 
aluminum minerals. Some of these minerals were 
being produced commercially in 1986. 

This bibliography, which contains 1,340 references, 
was complied to aid studies on the geology and 
resources of the Green River Formation. References 
included are mainly on the areal geology, stratig-
raphy, paleontology, geochemistry, and mineralogy of 
the Green River Formation, but some concern the 
development of the oil-shale deposits. Recent 
studies also concern the effects that an oil-shale 
industry will have on the environment. 

The bibliography is arranged in three parts: United 
States Geological Survey reports on the Green River 
Formation, Colorado, Utah, and Wyoming; reports by 
United States Geological Survey authors on geology 
of the Green River Formation, Colorado, Utah, and 
Wyoming,	 in non-United States Geological Survey 
publications; and selected reports by non-United 
States Geological Survey authors on the geology of 
the Green River Formation, Colorado, Utah, and 
Wyoming. The two parts by Geological Survey 
authors are as complete as possible, but the other 
part includes only selected references.

MINI BIDDING CONTEST FOR UTAH SHALE LEASES WON 
BY LEKAS 

The Utah Division of State Lands reported that the 
applications listed below were filed for Oil Shale 
Lease on lands offered on the November 4, 1987 
Simultaneous Offering. Bids were opened 
November 30, 1987, at 10:00 a.m. The Director ap-
proved the high bids for the first year's rental, 
$1.00 per acre per annum thereafter, and royalty as 
provided in the lease form approved by the Board of 
State Lands. 

The Director rejected the other bids because they 
were out-bid and ordered the advance rental 
returned to the applicant, filing fee forfeited to the 
state. 

Min. Lease AppI. No. 43717 ik!!& 315aM. Uintai, county 
Mitchell A. Lekaa	 Sac. 18: All	 640.00 acre, 
Salt Lake City, Utah 

HIGH BID: $806.40 

OTHER BID:	 Magic Circle Energy 
Corporation	 $641.00 

Mm. Lease AppI. No. 43710 TJOS, R21E, SL.B&M. Uintah County 
Mitchell A. Lekas	 Sec. 32. All	 640.00 acres 
Salt Lake City, Utah 

HIGH BID: $808.40 

OThER BID:	 Magic Circle Energy 
Corporation	 $641.00 

Oil Shale Leasea to be Canceled 

The following lenses are those not paid on or before 
the cancellation date of December 4, 1987. Cer-
tified notices of cancellation were mailed. 

Name Account No.	 Type. 

Nick C. Kyriakos	 r1mt 29859-J	 Oil Shale 
Fanny M. Spillman	 ML 29867	 Oil Shale 

Interest Assignments - Oil Shale Leases 

The Director approved the assignment of 90 percent 
interest in and to the Oil Shale Leases listed below 
to Frederick H. Larson, Pacific Palisades, California 
by Chevron U.S.A. Inc. No override. 

Lease Ownership:	 Chevron U.S.A. Inc.--90%, and 
Frederick H. Larson--1096 

.ML 39160.. ..ML 40854... .ML 41561 

Expiration of Oil Shale Leases 

The terms of the Oil Shale Leases listed below have 
reached the end of their terms and expired on the 
dates listed. These leases were ordered terminated 
and the lands offered for lease by the Division's 
Simultaneous Filing procedures. 
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Lease No.	 Lessee	 County/Acres 

ML 24088	 Texaco Inc.	 Ulntsh 
77.50 acres 

ML 24157	 Paraho Development Corp. Uintah 
400.00 acres 

ML 24236	 Geokinetics, Inc.	 Uintsh 
640.00 acres 

ML 24237	 Ceokinetics, Inc.	 Duchesne/Ulntah 
2,396.96 acres 

ML 24239	 Geoklnetics, Inc.	 Ulntsh 
1,639.80 acres 

ML 24240	 Geokinetics, Inc.	 Uintsh 
546.73 acres 

ML 24242	 Mlcrotron Industries Inc. Uintah 
2,082.64 acres 

ML 24243	 Mlcrotron Industries Inc. Utntah 
1,387.04 acres 

ML 24244	 Mlcrotron Industries Inc. Uintah 
1,917.37 acres 

ML 24247	 Mlcrotron Industries Inc. Uinteh 
640.00 acres 

ML 24270	 Mlcrotron Industries Inc. Uintah 
641.76 acres 

ML 24331-A Tadashi Jinbo	 Duchesne 
80.00 acres 

ALASKAN OIL SHALE ASSAYED AT 140 GALLONS 
PER TON 

The Mineral Resources Institute (MRI) of the Univer-
sity of Alabama, in association with the Department 
of Energy, examined 10 samples of oil shale from 
Alaska; eight samples from the Brooks Range, and 
two from the Nation River area. The as-received 
samples gave Fischer Assay oil yields ranging from 
10 to 140 gallons per ton. Limited data regarding 
the location and geology of the samples including 
Fischer Assays were presented at the 1987 Eastern 
Oil Shale Symposium. 

In June 1986, the Department of Energy contracted 
with the Department of Interior to obtain samples of 
Alaskan oil shales from the Northern Brooks Range 
as well as the Nation River area in east central 
Alaska. United States Geological Survey personnel 
helicoptered into both areas to obtain the shale 
samples which were then shipped to MRI for crush-
ing, grinding, and beneficiation studies. 

A geological information sheet describing the location 
and stratigraphy of the samples Is shown in Table 1.

Analytical data developed for the samples (Table 2) 
show extreme variations in the shale deposits. Fis-
cher Assay oil yields ranged from nine to 
141 gallons per ton, while the mineral carbon con-
tent ranged from less than 0.02 percent to as much 
as 27 percent. One sample, 86 TRO 8, was so 
tough and resilient that neither jaw crushers, roll 
crushers, sledge hammers, nor axes were effective in 
breaking the sample down to a small enough size for 
Fischer Assay or the beneficiation studies. The data 
for this sample were collected by using a hacksaw 
on three different lumps to obtain "shale dust" for 
subsequent analysis. 

Denefi elation Tests 

Beneficiation tests were made on eight of the shales 
using a standardized flotation procedure Mill 
developed for eastern and western United States oil 
shales. Each shale was wet ground In a laboratory 
rod mill for two hours at 40 percent solids. In 
early work, the two-hour grind generally reduced the 
shale to a particle size of at least 90 percent finer 
than 20 micrometers. The kerogen then was floated 
from the ground pulp using one to two pounds of 
pine oil per ton of raw shale. The rougher flotn-
tion froth was cleaned two to four times depending 
upon the appearance of the froth In each step. 
Results of the tests are summarized In Table 3. 

Hydroretort Tests of Selected Samples 

HYCRUDE Corporation performed Ilydrorctorting Assay 
tests on selected samples. Table 4 gives the results 
of hydroretorting tests of the minus 10 mesh "as 
received" material and flotation concentrates of 
samples 86 TRO 28 and 86 TRO 4. 

Beneflclatlon of these two samples from the same 
area of the Brooks Range, having Fischer Assays of 
89.9 gallons per ton (86 TRO 2A) and 48.7 gallons 
per ton (86 TRO 2B), gave flotation concentrates 
containing 204.5 gallons (1,560 pounds) and 
169.9 gallons (1,300 pounds) per ton, respectively. 
Oil recovery from those two samples, by flotation, 
was indicated to be in excess of 100 percent as 
determined by the Fischer Assay analysis method. 

According to the authors, W. Lamont and R. Jackson, 
the exceptionally high Fischer Assays of some of the 
shales and the beneficiation products obtained, ap-
pears to warrant a more detailed resource evaluation 
of the Alaskan shales, particularly those in the 
Northern Brooks Range. 

Although the United States Geological Survey dis-
covered the shale about 30 years ago, the quantity 
of resource available is believed to be quite small. 

Also, the location Is so remote that a plant to 
recover the resource would not be practical. One 
of the least remote deposits is said to be more than 
80 miles from a road servicing the Alaskan oil 
pipeline. Four major rivers lie between. 
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St rat igraphy 

Etivluk Group,	 possibly 
Pennsylvanian age 

Etiviuk Group,	 Pennsylvanian(?) 
to Jurassic 

Etivluk Group,	 Pennsylvanian (?) 
to Jurassic 

El ivLuk Group, Pennsylvanian ( 
to Jurassic 

Ettviuk Group,	 Pennsylvanian (?) 
to Jurassic 

Blankenship  Matter, Otuk 
Formation,	 unldli., Jurassic 

Et iviuk Group,	 Peimsytvacflin U 
to Jurassic 

Unnajrnd unit In lower Glenn 
Shale,	 Late Triassic

TABLE 

ALASKAN OIL SHALE SAMPLES 

Sample Number 

Hi; TRO I 

86 TItO 2A 
86 ThU 211 

86 TED 3 

86 TRO 4 

HG'Pilo s 

811 i'it1) C 

HG Tilt) 8 

HI; Tilt) ISA 
86 rita tsn

Location 

Kit Ilk River C-S Quadrangle 
NE 1/4, SW 1/4,	 Sec 30, TIIS R16W 

Howard Pass C-S Quadrangle 
M11I/4, SE 1/4, See 4 T9S, 1128W 

Howard Pass C-S Quadrangle 
NW 1/4, SE 1/4,	 Sec	 16,	 T05, 1128W 

Howard Pass C-s Quadrangle 
NW 1/4, NE 1/4,	 Sec 4, IDS,	 1128W 

Howard Puss C-3 Quadrangle 
NW 1/4, NE 1/4,	 Sec	 17,	 T95, R24W 

Howard Pass C-2 Quadrangle 
NW 1/4, NE 114,	 See 36, IDS, 1121W 

Chandler Lake 0-3 Quad rang I., 
SW 1/4, NW 1/4,	 See 24, T135, RIE 

Charley River A-2 Quadrangle 
SE	 1/4, NW 1/4,	 Sec 17, T3N, R30E 

TABLE2 

OIL YIELDS, ALASKAN 
OIL SHALE SAMPLES 

Ore Number	 Gallons/Ton

86 TED 1 50.8 
86 TED 24 81.6 
HG ThU 2B 52.3 
86 TIlt) 3 45.8 
86 TED 4 20.1 
86 TED 5 141.9 
86 TED C 15.8 
86 THU 8 90.9 
86 TRtS 4 9.9 
86 TiltS B 14.0 
86 'ItO 8 09.9
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TABLE 3

FLGTATIa4 TEST RESULTS ON ALASKAN OIL SHALE 

P. A. 
Ore Nutter Product !!LZ. Ol ILL 

80 'ItO 1 Head Sample .	 100 50.8 
86 TRO 1 Concentrate Did Not Respond 

86 TRO 2A Head Sample 100 89.9 
86 TRO 2A Concentrate 46.7 204.5 

86 'PRO 28 Head Sample 100 48.7 
86 TRO 28 Concentrate 31.1 169.9 

86 TRO 3 Head Sample 100 45.8 
86 'PRO 3 Concentrate Did Not Respond 

86 'PRO 4 Head Sample 100 29.1 
86 'PRO 4 Concentrate 57.1 49.5 

86 'PRO 5 Head Sample 100 141.9 
86 'PRO S Concentrate 70.6 168.8 

86 'PRO 6 Head Sample 100 15.8 
86 'PRO 6 Concentrate 29.6 47.6 

86 'PRO 8 Head Sample 100 99.9 
86 'PRO 8 Concentrate Could Not Crush 

86 'PRO iSA Head Sample 100 9.9 
86 TRO iSA Concentrate 35.9 16.7 

86 TRO 158 Head Sample 100 14.0 
86 'PRO 150 Concentrate No Flotation Test 

TABLE 4

HThICREThQTIPC OF SELECTED ALASKAN OIL SHALE S 

Ore Number 
Product and Process
	

86 'PRO 20	 86 TRO 4 

Fischer Assay (Minus 10 Mesh Heads) CIT 
Hydroretort (Minus 10 Mesh Heads) CIT 
Hydroretort Percent of Fischer Assay 
Fischer Assay (Flotation Concentrate) CIT 
Hydroretort (Flotation Concentrate) CIT 
Hydroretort Percent of Fischer Assay 

52.3 29.1 
62.5 46.3 

120 159 
169.9 49.5 
182.8 75.7 
108 153
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USGS ISSUES PICEANCE BASIN ENCYCLOPEDIA 

United States Geological Survey Professional Paper 
1310, "011 Shale, Water Resources, and Valuable 
Minerals of the Piceance Basin, Colorado: The Chal-
lenge and Choices of Development," compiled by 0. 
James Taylor, is a mini (140 pages) encyclopedia of 
the Plceance Basin oil shale resource. It should be 
on the bookshelf of anyone interested in oil shale. 

The epilogue by Taylor notes that the mineral 
resources of the Picearice basin are an abundant and 
varied national treasure. Studies of the basin have 
provided information on the Interwoven geologic and 
hydrologic processes that caused the minerals to ac-
cumulate. An awareness of these processes Is help-
ful in understanding the occurrence and association 
of these minerals and In predicting where they may 
be found. 

The desirable level of mineral development--including 
the fundamental question of whether or nor the 
minerals should be developed--is complex. Develop-
ment will result in a variety of national benefits 
accompanied by regional disadvantages. The relative 
benefits and disadvantages also will depend on the 
duration of development, Itself a function of the 
level of development. 

Plans to develop the minerals can be Improved by 
considering the conditions of mineral deposition, 
burial, and structural deformation. For example, 
mining and retorting can be designed to Improve 
recovery, maintain safety, and reduce many un-
desirable effects of development In the basin--if the 
available information is used. Waste materials that 
result from mineral development will change the land 
surface of the basin, its water resources, and at-
mospheric conditions. The disadvantages of the 
changes can be reduced by actions that consider the 
Interactions between the waste materials and the 
hydrologic systems. 

Water resources for oil-shale development will 
change the land surface of the basin, its water 
resources, and atmospheric conditions. The disad-
vantages of the changes can be reduced by actions 
that consider the interactions between the waste 
materials and the hydrologic systems. 

Water resources for oil-shale development are 
paramount. The ground water that occurs with the 
minerals is a mixed blessing; it must be drained 
before mining but it will provide part of the sup-
plies needed for development. The availability of 
additional supplies from streams, regional ground-
water reservoirs, and other sources from which 
water might be imported, Is uncertain. 

Proper development will require additional information 
to ensure that the benefits outweigh the disad-
vantages. This information can be provided by earth 
scientists--those remarkable men and women in 
government, Industry, and universities whose imagina-
tive and comprehensive Investigations have provided 
the material discussed in this volume.

The	 volume	 itself	 consists	 of a	 number	 of	 articles 
contributed by authors	 whose names are	 familiar to 
anyone involved In	 the active period of western oil 
shale	 development	 in the	 late 1970's. The Table of 
Contents Is listed below. 

Gkiary 

A variety of technical terms describe the minerals, 
geology, and hydrology of the Piceance basin and 
the proposed resource development. 

Introduction 
By 0. James Taylor 

The Piceance basin Has in northwestern Colorado and 
contains large quantities of oil shale, associated 
minerals, and other minerals. The occurrence of 
major minerals and the development, benefits of 
development, and Impacts of development of oil shale 
are described in this report. 

General Geology of the Piceance Basin 
by Marjorie E. MacLachlan 

The	 Pittance	 basin	 is	 a structural basin,	 a deposi-
tional	 basin,	 and	 several drainage basins. The	 oil 
shale,	 associated	 minerals, and thousands of feet	 of 
sedimentary	 rock	 were deposited during Tertiary 
time,	 at	 the	 end of	 the period	 of deformation that 
shaped the structural bsln.

Origin of the Oil Shale and Associated Minerals 
by John R. Dyni 

Oil shale, nahcolite, and dawsonite originated in an-
dent lakes. 

Storehouse of Energy Minerals In the Piceance Basin 
by John R. Donnell 

The Piceance basin contains natural gas, crude oil, 
and coal, as well as shale oil, naheolite, and daw-
sonite. 

Development of the Oil Shale and Associated Minerals 
By G. A. Miller 

Mineral development will disrupt natural conditions in 
the basin because of the required mining, retorting, 
water development, mineral transportation, and 
reclamation. 

Systematic Joints Within 011 Shales and Associated 
Rocks of the Green River Formation 
By Earl R. Verbeek and Marilyn A. Grout 

Joints and fractures of the Green River Formation 
form systematic patterns. The joints and fractures 
affect the occurrence of ground water and mine 
stability. 

Uac*nnolithted Deposits of the Piceance Basin 
By Frank A. Welder 
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The unconsolidated deposits that overlie the bedrock 
contain water and are part of the hydrologic sys-
tems in the stream valleys. 

Hydrologic System of the Piceance Basin 
By 0. James Taylor 

Surface water and ground water flow in complex 
systems. An understanding of the flow systems is 
obtained by preparing models that simulate the sys-
tems under various conditions. Water supplies in the 
Piceance basin belong to the public, but are regu-
lated by the State of Colorado. 

Suspended Sediment In Piceance Creek 
By Vernon W. Norman 

Studies of suspended sediment in Piceanee Creek in-
dicate a high erosion potential in the drainage basin 
under natural conditions. Increased erosion and 
transport of sediment may result from mining and 
waste-disposal activities. 

Water Quality in the Piceance Basin 
By Robert L. Tobin 

The quality of surface water and ground water is 
highly variable and probably will change as a result 
of mine drainage and mine abandonment. 

Appraisal of Water Quality In Piceance Creek Using 
Benthie Invertebrates 
By Kenneth J. Covay 

A study of aquatic insects can be used to assess 
natural and man-induced changes in the water 
quality in streams. 

Paleozoic and Mesozoic Formations and Their Poten-
tial as Ground-Water Reservoirs 
By Marjorie E. MacLachlan and Frank E. Welder 

Paleozoic and Mesozoic formations indicate a varied 
geologic history. These formations may include 
ground-water reservoirs that could supply water for 
oil-shale development.

Chemical Effects and Control of Leachates From 
Oil-Shale Spoil Piles 
By Kenneth g. Stoilenwerk 

Spoil piles of retorted shale need to be designed, 
located, and maintained carefully to avoid con-
tamination of aquifers and streams. 

Chemical Effects and Control of Wastes From In Situ 
Retorts 
By Jerry A. Leenheer 

Underground retorts may produce a variety of wastes 
within the ground-water reservoirs. 

Effects of Emissions From Oil-Slink Retorts to the 
Atmosphere 
By John T. Turk 

Industrial emissions to the atmosphere may affect 
precipitation and lakes. 

Benefits, Requirements, and Effects of Different 
Levels of Oil-Shale Development 
By 0. James Taylor 

Benefits, requirements, and effects of mineral 
development depend on the level, duration, and type 
of development. 

Recommended Reading 

The minerals, geology, hydrology, and resource 
development are described In greater detail in other 
publications. 
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RECENT OIL SHALE PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following articles appeared in Energy & Fuels, Volume 2, Number 1 for January/February 1988 

Thomson,	 W. J.,	 et al.,	 "DXRD Studies of Oil Shale Mineral Reactions." 

Huizinga, B. J., at al., "Programmed Pyrolysis-Gas Chromatography of Artificially Matured Green 
River Kerogen." 

Douglas,	 A.	 G.,	 et	 al.,	 'Quantitative Study of Biomarker Hydrocarbons Released from Kerogens 
During Hydrous Pyrolysis." - 

Yen,	 T.	 F.,	 at	 al.,	 "Characterization of	 the Stuart	
Oil
	 Shale System.	 1.	 New	 Method of 

Releasing Organic Matter." 

Mallinson,	 R.	 C.,	 et	 al.,	 "	 Kinetics and	 Mechanism	 of	 Moroccan	 Oil	 Shale	 Solubilizatlon	 in 
Toluene." 

Oh,	 Al.	 S.,	 at	 al.,	 "Ammonia Evolution During Oil Shale	 Pyrolysis." 

Barnkat,	 A.	 0.,	 at	 al.,	 "Novel	 Identification	 of	 17b	 (H)-Hopanoids	 in	 Green	 River	 Oil	 Shale 
Kerogen." 

The following articles appeared in Energy & Fuels, Volume 1, Number 6, November/December 1987: 

Burnham,	 A. K., at al., "Comparison of Methods for Measuring Kerogen Pyrolysis Rates and Fit-
ting Kinetic Parameters." 

Miknis, F. P., et al., "Formation of Soluble Products from Thermal Decomposition of Colorado 
and Kentucky Oil Shales." 

ICarman,	 D.,	 et	 al.,	 "Suifation	 of	 Mineral Matter in	 New Brunswick Oil Shale." 

Charlesworth J. M., "Thermodynamic Modeling of Oil Shale Pyrolysis." 

Coburn, T. T., at al.,	 "Conversion of Hydrocarbon Gases to Liquid in the Fluidized-Bed Retort." 

Silbernagel, B. 0., at al.,	 "ESR Studies of Kerogen Conversion in Shale Pyrolysis." 

Robi, T. L., et al., "Petrologic Chemistry of a Devonian Type II Kerogen." 

Taulbee,	 D.	 N.,	 at	 al.,	 "Comparison	 of	 the	 Hydrocarbon	 Pyrolysis	 Products	 from	 a Devonian 
Type LI Kerogen to Those from Kerogen/Mineral Blends." 

Tyler, L., at al., "Kerogen Decomposition Kinetics of Selected Green River and Eastern U.S.	 Oil 
Shales from Thermal Solution Experiments." 

McKay, J. F., et	 al.,	 "Isolation and Identification of Carboxytic Acid Salts as Major Components 
of Green River Oil Shale." 

New Oil Shale reports available from the National Technical Information Service include: 

Sudduth, B.,	 et	 al.,	 "Retorting of Nonuniform Oil Shale Rubble." 

Essington,	 M.,	 et	 al.,	 "Selective Dissolution and Characterization of Trace Elements in Hydrated 
and Recarbonated Retorted Oil Shale."
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OIL SHALE - PATENTS 

"Process and System Continuously Removing Arsenic from Shale Oil with a Catalyst and Regenerating the 
Catalyst," Shri K. Goyal - Inventor, Amoco Corporation, United States Patent, 4 9 719,006, January 12, 1988. Ar-
senic can be continuously removed from shale oil by passing the shale oil through a first guard bed containing 
catalyst capable of substantially reducing the arsenic content of the oil, until the desired amount of arsenic is 
removed. The flow of the shale oil Is thereafter directed to an intercommunicating second guard bed containing 
another or similar catalyst capable of substantially reducing the arsenic content of the oil. Concurrently, the 
spent catalyst In the first bed is regenerated in situ so that continuous upgrading of the shale oil is achieved. 

"Process for the Retorting of Hydrocarbon-Containing Solids," Ubirajara Gaiao, Roberts E. Novicki, Julio C. Silva - 
Inventors, Petroleo Brasileiro, United States Patent 4 0 707,248, November 17, 1987. The invention relates to a 
hydrocarbon-containing solids retorting process, such as, for example, shale, coal, tar sands, etc., the particles of 
which are below six millimeters in size, at a vertical entrainment regime, with superheated steam. As an alter-
native to the process, the preheating of the solid charge to be fed to the reactor is foreseen, by a stream of 
retorted solids, removed from the primary separator, when effecting separation of the solid and gaseous phases 
from the retorting products. Heat exchange to the reactor is augmented by the use of static mixing devices 
provided in said reactor. 

"Process for Dedusting Shale Oil," Glen B. Brons, Gary S. Green, Michael Siskin - Inventors, Exxon Research and 
Engineering Company, United States Patent 4,705,622, November 10, 1987. Disclosed Is a process for removing 
entrained mineral matter particles from shale oil by contacting the shale oil with an aqueous ammonium or phos-
phonium salt solution having a pH of about 0.5 to eight and at a temperature from about 0 0 C to 100 0 C. 

"In Situ Method for Recovering Hydrocarbon from Subterranean Oil Shale Deposits," Robert H. Friedman - Inven-
tor, Texaco Inc., United States Patent 4,703,798, November 3, 1987. Hydrocarbons may be recovered from sub-
terranean oil shale deposits by penetrating the deposit with a well, applying hydraulic and/or explosive fracturing 
to the portion of the formation adjacent the well to form a zone of rubbelized and/or fractured oil shale 
material and then introducing to the treated portion of the formation a hydrogen donor solvent, preferably 
tetralin, in a sufficient volume to essentially fill all of the void spaces in the formation within the rubbelized 
and fractured portion of the formation, and then applying hydrogen to the well and maintaining the hydrogen at 
a pressure range of from 50 to 500 and preferably from 250 to 350 pounds per square Inch for a period of 
time In the range of from 50 to 600 and preferably 250 to 350 days, which causes a disintegration of the oil 
shale minerals. After this first stage pretreatment, the hydrogen is removed and a free-oxygen containing gas 
such as air is introduced into the pretreated portion of the oil shale deposit which removes organic fragments 
from the polymeric kerogen component of the oil shale by oxidative scission. A suitable solvent for the organic 
fragments is also present with the free oxygen containing gas. Fluids are recovered from the formation, since 
fluids including solvent and the organic fractions, which are separated by sublimation with the solvent being 
recycled. 

"Utilization of Low Grade Fuels," Zeev Aizenshtat, Gerald Esterson, Moshe Pismen - Inventors, United States 
Patent 4,700,639, October 20, 1987. There Is provided a process and reaction system for the highly efficient 
utilization of solid fuels with a low content of organic matter, which may have a high sulfur content and a 
high mineral carbonate content. Carbonate decomposition is minimized and most of the sulfur is removed from 
the resulting ash which can be used to make construction materials. The process Is effected in three stages, 
the first two of these comprising fluidized bed operation. In the first stage pyrolysis, gasification and only par-
tial oxidation of organic matter takes place, in the second stage combustion of residual carbon is effected in 
the presence of an excess of air. In the third stage the streams of combustible material coming from the first 
two stages are combusted. Among suitable dilute solid fuels there are low grade oil shales. The operating con-
ditions have to be adjusted according to the nature of the solid fuel type. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since December 1987) 

ACORN PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals Nt (S-8) 

The first commercial module could be in production by the middle of 1994. 

Project Cost: For demonstration module A$30 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company. Occidental Oil Shale, Inc., and Tenneco Shale Oil Company 
(DS, 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. On October 16, 1985 Tenneco Shale Oil Company granted to Occidental Oil Shale, Inc. a 
two year option to acquire its 50 percent interest in Cathedral Bluffs. On October 16. 1987, that o ption was extended for another 
two-year period. During the option period Occidental is the operator for the project for Cathedral Bluffs. A modified detailed 
development plan for n 57,00) barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional Prevention of Significant Deterioration (PSD) permit in December 1977 which was 
amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high interest 
rates. The project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation in January 
1983 and the project was advanced into Phase II negotiations for financial assistance. On July 28, 1983 the SFC announced it had 
signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, Congress abolished the 
SFC on December 19, 1985 before any assistance could be awarded to the project. 

Three 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 zooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. A new monitoring plan is part of the lease 
suspension request. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NFDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974-1976). 
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On April 1, 1987, the Bureau of Land Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five years. Meanwhile, pumping of the mine inflow water 
continues in order to keep the shaft from bein g flooded. 

Project Cost: Not Disclosed 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (5-15) 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) MS, R98W, 6PM) (5-20) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (Sit) retort process. Information obtained from the semi-works project will allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies. 

Project Cost: Semi-Works - Estimated at $130 million 

COLONY SHALE OIL PROJECT - Exxon Company USA (135, R95W, 6PM) (5-30) 

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,000 TPD of 35 GP'F shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming. and Final ES supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. CF. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Steams-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine support 
facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the present Colony Shale Oil Project. 
Tosco responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has com-
pleted an orderly phasedown of the project. Construction of Battlement Mesa has been completed and operation is continuing on 
a reduced scale. An Exxon organization will remain in the Parachute area to perform activities including reclamation, some con-
struction, security, safety, maintenance, and environmental monitoring. These ongoing activities are designed to maintain the 
capability for further development of the Colony resource when economics become attractive. 

Project Cost: Estimated in excess of $5 - $6 billion 

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum - SO percent (S-31) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 
Since that date, SPP/CPM have confirmed their studies of shale characterization and processing behavior, but further work has 
been suspended. 

Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since December 1981) 

COMMERCIAL PROJECTS (Continued) 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
avenge operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
sin build-up to lull production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million barrels of oil in 
situ, measured at a cut-off grade of 50 liters per ton on a dry basis. The case study project would utilize only 600 million barrels, 
over a nominal 32 year life. The deposit is amenable to open pit mining by large face shovels, feeding to trucks and in-pit breakers, 
and then by conveyor to surface stockpiles. Spent shale is returned by conveyor initially to surface dumps, and later back into the 
pit. 

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi- 
cated promising results from the"fines' process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,000 tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels per day 
upgrading plants were incorporated into the project design. 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce accommoda-
tion, community services and product transportation. A 110 kilometer pipeline to the port of Mackay is favored for transfer of 
product oil from the plant site to marine tankers. The study indicates that there are no foreseeable infrastructure or environmen-
tal issues which would impede development. If a design and construction schedule of 12 years were chosen, allowing a steady but 
progressive build-up to full production, then an on-site peak construction and operations workforce of up to 3,000 people would be 
required. Operation of the plant would need 1,700 on-site people at full production. 

Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Thus a selling price of about US$33 FOB Mackay was assumed. Average cash operating cost at 
full production is estimated at US$20 per barrel of which more than US$9 per barrel represents corporation taxes and royalty. 
Capital costs were estimated to an accuracy of +/- 25 percent, mainly by independent international engineering companies. Of the 
total estimated capital costs of US$2,300 million, almost US$1,700 million is accounted for equally by the three major elements—
mining, retorting, and upgrading. The remainder covers supporting plant, infrastructure, administration, and various allowances 
and contingencies. 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale between August and Novem-
ber, 1984 from the Condor oil shale deposit at the site of the previous bulk sample. The oil shale was crushed to produce 
20,000 tons of material sized from 15 millimeters to 120 millimeters. This material was railed to Townesville and shipped to Japan 
on December 12, 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in early 1987 and began processing of the Condor shale and carrying out re-
lated investigations. 

Project Cost: $23 billion (mid-1983 U.S. dollars) 

EDWARDS ENGINEERING — Edwards Engineering Corporation (S-33) 

Edwards Engineering Corporation has been designing and building at their manufacturing plant in New Jersey a portable oil shale 
retort that will produce between 1,000 and 2,000 barrels of shale oil per day. The completed unit can be easily trucked to any 
suitable location. 

The design of the plant is based on engineering data obtained between 1980 and 1986 from a pilot plant oil shale retort constructed 
at the Edwards plant in New Jersey. The production unit is being built to process typical oil shale as found in Utah, Colorado, or 
Wyoming. The portable unit has a low capital cost, and will produce a quality product with an API gravity between 26 to 28, having 
a pour point between 35 degrees and 55 degrees F. The system includes a heat recovery arrangement resulting in very low energy 
costs per barrel of oil produced. At least 80 percent of the energy for retorting is recycled, no water is required. The system can be 
readily scaled upward from the 1,000 to 2,000 barrels per day to any conceivable capacity desired. 

During 1986 the construction of the portable oil shale retort was suspended. Construction ma y be resumed toward the end of 1988 

Project Cost: Not Disclosed
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL PROJECTS (Continued) 

ESTONIA POWER PLANTS - Union of Soviet Socialest Re publics (5-34) 

GARY REFINERY - Gary Refining Company (5-35) 

Gary Refining Company operates a refinery in Fruits, Colorado at the southwestern edge of the Piccance Basin. The Gary oil 
refinery was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon on that is mined in 
Northeastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. 
Over the past ten years the refinery has been expanded and upgraded into a modem facility capable of processing a wide variety of 
raw materials into finished transportation fuels. Recent modifications were made to the refinery to process shale oil. 

Gary Refining had a contract to purchase 8,600 barrels per day of hydiotreated shale oil from the Unocal Parachute Creek facility. 
A contract was also signed with the Defense Fuel Supply Center to provide 5,025 barrels per day of shale-derived military jet fuel 
(JP4) to the Air Force over a four year period. 

The processing scheme that Gary will use to process the shale oil is geared toward maximizing the yield of JP-4. The blocking 
operation is due to the Air Force requirements that JP4 be produced solely from a shale oil feedstock. Therefore, the crude, 
vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. Without this Air Force requirement, the 
shale oil would normally be processed commingled with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's site. JP4 product 
will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such as gasoline and No. 2 diesel will 
be commingled with similar crude-derived products produced at the Gary facility and sold in local markets. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Unocal plant. Gar y is now operat-
ing the facility nsa terminal pending the availability of sufficient shale oil to iustifv startin g on the refinery. 

Project Cost: Not Disclosed 

GENCOR T-PROJECT - Gencor, Republic of South Africa (5-361 

JORDAN OIL SHALE PROJECT - Natural Resources Authorit y of Jordan (S-Si') 

Jordan's oil shale deposits are the country's maior hydrocarbon resource. Near-surface deposits of Cretaceous oil shale in the 
Iribid. Karaic, and Ma'an districts contain an estimated 44 million barrels of oil equivalent. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL PROJECTS (Continued) 

KIVITER PROCESS - Union of Soviet Socialist Republics (S-38) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 6 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts traditionally referred to as gas generators, is predominantly used in commercial operation. The retorts have been 
automated, and have throughput rates of 200 to 220 tons of shale per day. In the gas generators, low temperature carbonization of 
kukersite yields 75 to 80 percent or Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 KJ/cubic meters) is 450 to 
500 cubic meters per ton of shale. 

The first I,ODO ton-per-day gas generator was constructed at Kohtla-Jam, Estonia USSR, and placed in operation in 1981. The 
new retort employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the 
semi-coking chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device 
into two semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retort-
ing zone without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by intro-
ducing hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to con-
trol the temperature. Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed 
from the retort. 
Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products (non-fuel) are currently 
produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced as by-product 
in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desutfurization, it is utilized as a local 
fuel for the production of thermal and electric power. 

Project Cost: Not disclosed 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (T65, R95W, 6PM) (S-40) 

Mobil is currently evaluating development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
project is planned to have initial production of 10,000 to 2.5,000 barrels per day with an incremental buildup to 100,000 barrels per 
day. The United States Bureau of Land Management has completed an Environmental Impact Statement preparatory to future 
permit applications. A Corps of Engineers Section 404 permit application has been submitted and is currently being processed.. 

Project Cost: Estimated $8 billion for 100,ODO BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (S-55) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name T3 for the Moroccan oil shale retorting process was derived. 
In February 1982, the Moroccan Government concluded a $43 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit has been completed with a funding from the World Bank in 1984. System press test and 
the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the plant has gone through a success-
ful shakedown test, followed by a preliminary single retorting test. The preliminary test produced over 25 barrels of shale oil and 
proved the fundamental process feasibility of the '13 process. More than a dozen single retort tests have been conducted so far to 
prove the process feasibility as well as to optimize the process conditions. Single retort parametric tests will continue through 1985 
and the double retort D process tests will start in early 1986. The pilot plant utilizes the 'fl process developed jointly by Science 
Applications, Inc., and the Office National & Recherche et d'Exploitation Petrolieres (ONAREP) of Morocco. The 13 process 
consists of a semi-continuous dual retorting system in which heat from one vessel that is being cooled provides a portion of the 
energy that is required to retort the shale in the second vessel. The pilot plant has a 100 tons of raw shale per day capacity using 
17 GPT shales. The design of a demonstration plant, which will have an initial output of 280 barrels per day, rising to 7,800 barrels 
per day when full scale commercial production begins, has been deferred until the pilot plant operation is completed in 1985. A 
commercial scale mine development study at Timandit is being conducted by Morrison-Knudsen. 

The 13 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP an extensive process option studies based on all major processes available in the United States and abroad 
and made a recommendation in several categories based on the results from the economic analysis. An oil-shale laboratory includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rabat with assistance 
from Science Applications, Inc. 

Project Cost: Not disclosed
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL PROJECTS (Continued) 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation 76 (8-70) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres of 
oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since the 
early 1940s, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for developing 
feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 
1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase 110,000 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 ton per thy mine began in 
January 1981, and construction of the retort started in late 1981. Concurrently, work proceeded on a 10,000 barrels per day upgrad-
ing facility, which would convert the raw shale oil to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. After several years of test opera-
tions and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. The price will be the market price or a contract floor price. If the 
market price is below the DOE contract floor price, indexed for inflation, Unocal will receive a payment from DOE to equal the 
difference. The total amount of DOE price supports Unocal could receive is $400 million. Unocal began billing the U. S. Treasury 
Department in January, 1987 under its Phase I support contract. 

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FBC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FBC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. The decision does 
not affect Unocal's plans to proceed with the current operations of its shale plant. 

As of January 1988, total shale oil production is approximately 750,000 barrels 

Project Cost: Phase I - Approximately $700 million 

PETROSIX - Petrobras (Petroleo Brasileiro, S.A.) (S-90) 

A 6 foot inside diameter retort, called the demonstration plant, has been in continuous operation since 1984. The plant is used for 
optimization of the PEFROSIX technology. Oil shales from other mines can be processed in this plant to obtain data for the basic 
design of new commercial plants. 

A PEFROSIX pilot plant, having an 8 inch inside diameter retort, has been in operation since 1982. The plant is used for oil shale 
characterization and retorting tests, developing data for economic evaluation of new commercial plants. 

An entrained bed pilot plant has been in operation since 1980. It is used to develop a process for the oil shale lines. The plant uses 
a 6 inch inside diameter pipe (reactor) externally heated. 

A spouted bed pilot plant having a 124nch diameter reactor, has been in operation since January, 1988. It processes oil shale fines 
coarser than that used in the entrained bed reactor. 

A circulatin g fluidized bed pilot scale boiler is being started up in May, 1988. The combustor will be tested on both spent shale 
and oil shale fines to produce process steam for the PETROSIX commercial plants. 

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Marcos do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per day of crude 
oil, 38 tons per day of fuel gas, and 19 tons per day of sulfur. A 36 foot inside diameter retort, called the industrial module, is being 
constructed and will produce 2,950 barrels per day of oil, 40 tons per day of LPG, 120 tons per day of fuel s, and 60 tons per day 
of sulfur in December 1989. 

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 hec-
tares. Rehabilitation comprises reforestation, revegetation with local plants and reintegration of wild local animals, bringing back 
the local conditions for farming and recreational purposes. 

Current shale oil production is sent by truck to a refinery 130 kilometers from the plant and is stabilized through the FCC unit in a 
mixture with heavy gasoil.
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COMMERCIAL PROJECTS (Continued) 

Sulfur production is sold directly to clients from local paper mitt industries. 

Project Installed Cats: $68.4 (US) Million (industrial module) 

RAMI3X OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-95) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The plant is located on property leased 
from a subsidiary of Union Pacific Railroad. In addition to the one section leased for the pilot plant, Ramex also has options on 
ten additional sections. This site was selected because of the accessibility for potential customers, and the abundance of available 
oil shale reserves. 

The pilot plant consists of two specially designed burners that Will burn continuously in an underground oil shale bed at a depth 
of 70 feet. These burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ram" announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ram" announced the completion of the pilot project. The formation was heated to approximately 1200 
degrees creating a high-BTU gas with little or no liquid condensate. The wells substained 75 mcf a day, for a period of 3 months 
then were shut down to evaluate the heaters and the metals used in the manufacturing of the heaters. The test results indicated a 5 
year life in a 10 foot section of the shale with a product gas of 800 BTU or higher per standard cubic foot. 

Ramex also announced in November 1987 the start of a commercial production program in the devonian shale in the eastern states 
of Kentucky and Tennessee. Ram" has isolated leases in both states and has arranged funding for the initial phase of develop-
ment. Drillinz of the first wells by Trim Technolov be2an in February 1988 under Ram" sunervision. 

Ramex is also investigating potential overseas applications. 

Project Cost: Approximately $1 million for the pilot tests. 

RIO BLANCO OIL SHALE PROJECT' - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (12S, R99W, 6PM) 
(5-100) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 6(Y x 400' high and produced 24,790 barrels white burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without additional 
federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended opera-
tions on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In Aucust 1987. 

Federal legislation was enacted to allow procurement of off-tract land that is necessary if the lease is to be developed b y surface 
mining An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. However, a Record of Decision has never been issued due to a suit filed b y the Na-
tional Wildlife Federation. 

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort are currently flooded but were pumped out in May 1985 and June 
1986 in accordance with plans approved by the Department of the Interior. Data from the pumpout are being evaluated. Stringent 
monitoring is continuing. Rio Blanco operated a $29 million one to five TPD Lurgi pilot plant at Gulf's Research Center in Har-
marville, Pennsylvania until late 1984 when it was shut down. Data analysis is currently underway. This $29 million represents the 
capital and estimated operating cost for up to 5 years of operation. Engineering and planning for open pit-surface retorting 
development are being continued. The company has not as yet developed commercial plans or cost estimates. On January 31, 1986 
Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in 
the project. Amoco has no plans to discontinue operations. 

Project Cost: Four-year process development program cost $132 million 
No cost estimate available for commercial facility.
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COMMERCIAL PROJECTS (Continued) 

RUNDLE PROJECT - Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and Production 
Australia (50 percent) (S-ho) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction of a multi-module 
commercial scale facility was shelved due to economic and technical uncertainties. 

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied for selected plant capacities. Results of the study were announced in September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale feed was estimated 
to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

In October 1984 SPP/CPM and Esso announced that they have commenced discussions about possible amendments to the Rundle 
Joint Venture Agreement signed in 1982. Those discussions were completed by March 1985. Revisions to the Joint Venture 
Agreement now provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$12.5 in 1987 

Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. Cost of this program for 1985/7 was AS13 mil-
lion. 

l3sso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of subse-
quent development expenditures. If Esso provides disproportionate funding, it would be entitled to additional offtake to 
cover that funding. 

Project Cost: See above 

TOSCO SAN!) WASH PROJECT - Tosco Corporation (T9S, R2IE, SLM) (S-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uiñtah Basin near Vernal, Utah. A State-
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site environ-
mental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block conveyors, 
power lines, underground mine access tunnels and product pipeline were submitted to Bureau of Land Management in April 1981. 
Final EIS for the project was issued on February 1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air 
quality permit was approved in March 1983. All permits for commencement of construction of the first mint shaft have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and related facilities. Con-
struction of this initial development shaft and experimental mine would enable confirmation of (1) the geologic and geotechnical 
basis for the mine design, (2) estimated mining costs, and (3) the basis for enhancing projected mining recovery ratios for the com-
mercial project. The second phase of the Project will consist of the construction of one 11,000 tons per day TOSCO II pyrolysis 
unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotreated shale oil. During the 
third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 50,000 barrels 
per day of shale oil. Contemporaneous development of Phases I and 2 is being considered. The definitive design of the single train 
facilities has been completed. 

Project Cost: $820 million in second quarter 1982 dollars (excluding interest) 

YAAMBA PROJECT— Yaamba Joint Venture (Beloba Pty. Ltd., Central Pacific Minerals Nt, Southern Pacific Petroleum Nt, and 
Peabody Australia fly. Ltd.) (S-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 4.1 billion 
barrels in situ extending over an area of 32 square kilometers within the basin.
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COMMERCIAL PROJECTS (Continued) 

The oilshales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
the lower hair of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

The Yaamba Joint Venture comprises Peabody Australia Pty. Ltd., with 83.3% percent interest, Beloba Pty. Ltd. with 10 01o, Central 
Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L. with 3.3%. 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 tenn 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. Further investigations aimed at determining methods for maximum utilization of the total 
energy resource of the Yaamba Basin and optimization of all other aspects of the mining operation, and collection of additional 
data on the existing environment are continuing. 

Project Cost: Not disclosed

R&D PROJECTS 

DUO-EX SOLVENT EXTRACTION PILOT PROJECT - Duo-Ex (a wholly owned subsidiary of Solv-Ex Corporation) (S-152) 

Duo-Ex is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to shale 
oil recovery. The Duo-Ex approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes with limited 
success. Duo-Ex has developed a technology that it believes will be environmentally acceptable, cost effective, have shorter lead 
times from project commitment to production and will use smaller scale facilities than retorting and in situ processes. 

Experiments with the Duo-Ex process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on previ. 
ous work by Duo-Ex in a batch reactor and prior engineering studies. The project will determine recoveries of oil, produce scale-
up data and a quantity of raw shale oil for upgrading studies. 

Duo-Ex is discussing the project with interested investors and plans to secure funding for the pilot plant durine 1988. 

Project Cost: $1,000, 

EASTERN OIL SHALE IN SITU PROJECT - EASTERN SHALE RESEARCH CORPORATION (S-250) 

In 1985, Eastern Shale Research Corporation commenced a project to study the in situ processing of Eastern oil shales, on New 
Albany Shale in Indiana. Test blasts were carried out, followed by the design and blasting of a shot to produce a retort bed for 
burning in the horizontal mode. 

In 1986, a small in situ retort bed was constructed for processing by methods similar to those used by Geokinetics Inc. for shallow 
oil shales in Utah. 

The project is currently in the permitting stage. Environmental control methods and equipment designs are being reviewed by the 
involved regulatory agencies. 

The project is located in southern Indiana and uses the uppermost member (Clegg Creek) of the New Albany oil shale. 

Project Cost: Not disclosed
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JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and Industry and the Japan National Oil Corporation. A 5 year R & D plan was formulated, however this original 
plan was revised to a 7 year plan due to budgetary control. JOSECO was financed by 36 Japanese companies in various industrial 
fields including iron and steel, heavy machinery, mining, cement, plant engineering, and oil refining. 

Three types (a vertical shaft, a circular grate, and a new cross flow type) of retorts were built at a scale of about 3 tons per day. 
These were designed and constructed in 1982 and were operated through August 1983 on oil shales from the United States, 
Australia, China, and Morocco. 

In the shaft type retort, oil shale descends continuously from the retorting zone to the residual carbon combustion zone. To 
prevent flow of gas from the combustion zone to the retorting zone, n seal zone is provided between the two zones to separate 
them. Operation of the pilot plant was generally smooth, and the yield of shale oil was approximately equal to Fischer assay. The 
main feature of this type of plant is the high thermal efficiency obtained by the vertical counterfiow of the oil shale and gas. 
With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through preheating, retorting, 
combustion and cooling zones, being contacted by the gas which flows downward through these zones. Oil yield obtained from 
several kinds of oil shale was approximately equal to Fischer assay. The main feature of this type of plant is that the process can be 
adapted to the properties of different oil shales because the size of each zone can be set arbitrarily. 

The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside surfaces of louver walls 
and is contacted by the heating gas which flows horizontally between the walls in several passes. In this plant, oil yield was ap- 
proximately equal to Fischer assay. The retorted oil shale is crushed to pieces smaller than 6 millimeters and sent to a fluidized 
bed for combustion of residual carbon. The main features of this type of plant are the tow pressure loss in the retorting zone and 
the high carbon utilization ratio obtained with the fluidized bed. 

The second phase of JOSECO's development activities is to conduct a series of tests in a large pilot plant having a capacity of 300 
tons of raw ore per day. The process to be used for the pilot plant was discussed by the advisory committee on the basis of results 
of the experiments on three small scale plants, and then determined to consist mainly of a vertical shaft type retort. 

In addition to a vertical shaft type retort as a retorting/gasifying unit, fixed-bed type drying facilities (circular travelling grate) 
installed to examine the economies of pre-drying of high water content oil shale and fluidized-bed combustion facilitieswere also 
juxtaposed to study the efficient combustion of carbon in raw shale and the residual carbon on retorted shale. 

The pilot plant is located in Kitakyushu City approximately 1,000 km west of Tokyo. JOSECO started the civil and foundation 
works for the pilot plant in mid-February 1986, and completed the installation work and trial runs of individual units by the end of 
1986. In January 1987, the integrated load trial runs of the pilot plant and the on-the-iob trainin g of the operators were initiated. 
The formal ooeration started early May 1987. 

By the end of September preliminary tests were conducted. Through these preliminary tests, a number of factors were checked and 
reviewed, includin g the nerfortnance and reliability of the equipment, procedures to ensure operational safety, and research on 
orocess conditions to maintain stable and efficient operations. 

Based on the achievements of preliminary tests, JOSECO has been conducting the main tests usin g both Australian Condor and 
Chinese Maoming ores, The maximum ore processing amount restricted by the upper limit of supply hot gas volume was around 
220 tons per day in both cases of Condor and ore-dried Maomin g ores. 

Oil recovery rate achieved was about 100% of assay at the later sta ge of experiments. To date all the data obtained are said to be 
satisfactory. 

Project Cost: Approximately US$60 million 

ISRAELI RETORTING DEVELOPMENT- PAMA (Energy Resources Development) Inc. (S-175) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing processes developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging.
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K & D PROJECTS (Continued) 

PAI(A has completed extensive studies, lasting several years, which show that the production of either oil or power (the latter by 
direct combustion of the oil shale) is technically feasible. Furthermore, the production of power still appears economically viable, 
despite the recent collapse of petroleum prices and the uncertainties regarding the economics of production of oil from shale. 

PAMA has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant will be 
built that is in fact a commercial plant co-producing electricity to the grid, and low pressure steam for process application at a fac-
tory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, to be supplied by Ablstrom, Finland, is based on a 
circulating fluid bed technology. 

Successful demonstration can pave the way to significant commercial production of power from oil shale in the next decade. 

The boiler will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will be sold to process application in a 
chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Commissioning is expected in late 1989. 

Project Cost: $25 million for combustion demo plant 

JULIA CREEK PROJECT - (SR LIMITED (5-180) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit of 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer is (SR Ltd. and partners to be selected. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
average oil content of the shale is approximately 70 litres per dry tonne. 

Work is being carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a 
recirculating solid heat carrier. 

A staged development is planned, with the timing determined by the anticipated price of oil and improvements in project 
economics. 

Project Cost: Yet to be determined 

NEW FARAHO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (S-240) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified road asphalt. Researchers at West-
ern Research Institute (WILL) and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a 
significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt. This is par-
ticularly true for shale oil produced by direct-heated retorting processes, such as Paraho. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion of a 
comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based 
commercial production facility. 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $23 million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of a one mile test strip of shale oil-modified 
asphalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil will be produced in 
Paraho's existing pilot plant facilities, located near Rifle, Colorado. A small pilot plant with an output of 17 barrels per day will be 
used. In October a 10-day test run was completed, producing 150 barrels of shale oil at 95% of Fischer Assay yield. Throughput of 
125% of design was achieved. Shale oil has been sent to Western Research Institute for testing. The facility is expected to be fully 
operational in time for the 1988 highway construction season. 

The one mile test strip will be constructed in Colorado at a site to be selected by the Colorado State Department of Highways. 
Once constructed, the test strip will be evaluated over a period of several years, during which time Paraho will complete site selec-
tion, engineering and cost estimates, and financing plans for a commercial production facility. 

The size of this commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since December 1987) 

R & D PROJECTS (Continued) 

Based upon current engineering estimates, the initial commercial facility will cat $200 - $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time fame. 

At the present time, Paraho states that it has access to several different resource sites upon which the commercial production 
facility could be located: an area in the vicinity of Anvil Points, Colorado: a site on the Mahogany Block in northwest Colorado; 
and the Paraho-Ute properties, located near Vernal, Utah. Of these several options, the Mahogany site re presents the most 
economically viable alternative and, accordingly, is the preliminary location of choice. 

Project Cost: $2,500,000 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (S-205) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Inter-
national Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 

Developmental works are being conducted on pretreating technology, two bydrorefining processes using fixed-bed type and 
ebullated-bed type reactors, high-performance catalysts for those processes, and two-step treating systems. 

Life tests of one of the catalysts containing molybdenum and promoting metals showed that steady 94 percent denitrogenation can 
be attained for 100 days. Production conditions for the catalyst were established. 

Optimum reaction conditions of the above process, and properties of products were also sought and gained. 

Shale oils were partially hydrorefined in the first stage, and further hydrorefmed in the second stage under conditions typical of ex-
isting petroleum refineries. Upgrading systems are being established for obtaining operational data in 1987 with the large bench-
scale plant (13 barrels per day) using an ebullated bed reactor. 

Project Cost: Not Disclosed 

TRIAD DONOR SOLVENT PROJECT - Triad Research Inc. (S-215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The process is said to 
be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 

The new process, named the H-B process, utilizes a fraction of the oil derived from the shale as the hydrogen donor solvent. 
Laboratory experiments to date have shown that oil yields from Sunbury shale samples equivalent to more than 200 percent of Fis-
cher Assay are achieved at operating pressure as low as 15 to 20 atmospheres. 

The sponsors are 94 percent complete with the design, engineering, procurement, and construction of a pilot plant facility 

Project Cost: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT - United Nations (S-230) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters where it then levels, although the oil 
shale seams are not planar. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aleksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. The 
retort injection mixture would be 50 percent air and 50 percent steam. As a future development, eight modules of IMIS retorts 
would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at full 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the 13 retort system un-
der development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 20,000 barrels per day facility is estimated to be 11 years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the upgrading cat was estimated to 
be $7.00 (US) per barrel.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since December 1987) 

R & I) PROJECTS (Continued) 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for a 
full-scale 20,ODO barrels per day operation would be given only after the results of the pilot module are known. The pilot module 
has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment was expected in 1988 
but is likely to be Postponed to 1990. 

The main problem in the design evaluation stages was consideration of the environmental impact on open streams and the fertile 
agricultural surroundings in the basin. The present solution, utilizing the IMIS method, promises an environmentally acceptable 
approach. 

Project Cost: US$12,000,000
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COMPLETED AND SUSPENDED PROJECI'S

Proicct Sponsors 

American Syncrude Indiana Project American Syncnide Corp. 
Stone & Webster Engineering 

Baytown Pilot Plant Exxon Research and Engineering 

BX In Situ Oil Shale Equity Oil Company 
Project 

Cottonwood Wash Project American Mine Service 
Cives Corporation 
Deseret Generation & 
Transmission Coop. 

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation 

Exxon Colorado Shale Exxon Company USA 

Gelsenkirchen-Scholven Veba Oct 
Cyclone Retort 

Lararnie Energy Laramie and Rocky Mountain 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. 

Means Oil Shale Project Central Pacific Minerals 
Dmo Corporation 
Southern Pacific Petroleum 

Nahcolite Mine #1 Multi-Mineral Corporation 

Naval Oil Shale Reserve United States Department 
of Energy 

Oil Shale Gasification Institute of Gas Technology 
American Gas Association 

Pacific Project Cleveland-Cliffs 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation 
Facility 

Seep Ridge Geokinetics Inc. 
Peter Kiewit Sons Inc. 

Silmon Smith Kellogg Corporation 
Shale Energy Corporation of America 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States 
Bureau of Mines 

United States Shale United States Shale Inc. 

Unnamed In Situ Test Mecco, Inc.

Last Appearance in SPIt 

September 1987; page 2-53 

September 1987; page 2-60 

March 1984; page 2-52 

March 1985; page 2-73 

September 1978; page 114 

March 1985; page 2-73 

June 1987; page 2-52 

June 1980; page 2-34 

September 1984; page S-3 

June 1987; page 247 

September 1982; page 2-40 

June 1987; page 2-53 

December 1978; page 8-3 

June 1987; page 248 

December 1979; page 2-35 

December 1986; page 247 

March 1986; page 2-54 

March 1985; page 2-72 

December 1983; page 2-52 

March 1985, page 2-72 

September 1978; page 8-3 
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Unnamed Fracture Test 	 Talky Energy Systems 	 September 1978; page B4 

While River Shale Project 	 Phillips Petroleum Company	 March 1985; page 2-72
Standard Oil Company (Ohio) 
Sun Oil Company
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-50 

Beloba Pty. Ltd. Yaamba Project 2-51 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-44 

Central Oil Shale Pty. Ltd. Yaamba Project 2-51 

Central Pacific Minerals Acorn Project 244 
Condor Project 245 
Rundle Project 2-51 
Yaamba Project 2-51 

Chevron Shale Oil Company Chevron Clear Creek Project 245 

Conoco Inc. Chevron Clear Creek Project 245 

CSR Limited Julia Creek Project 2-54 

Duo-Ex (Solv-Ex Corporation) Duo-Ex Solvent Extraction Pilot Project 2-52 

Eastern Oil Shale Research Eastern Oil Shale In Situ Project 2-52 

Edwards Engineering Company Edwards Engineering 246 

Esso Australia Ltd. Rundle Project 2-51 

Exxon Company USA Colony Shale Oil Project 2-45 

Gary Refining company Gary Refinery 247 

Gencor Gencor T-Project 247 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-55 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-53 
(JOSECO) 

Jordan Natural Resources Jordan Oil Shale Project 2-47 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 248 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-54 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-44 

Office National de Recherche et Morocco Oil Shale Project 2-48 
dExploitation Petrolieres 
(0 NA REP) 

PAMA Inc. Israeli Retorting Development 2-53 

Peabody Australia Pty. Ltd. Yaamba Project 2-51 

Petrobras Petrosix 2-49 

Ram" Synfuels International Ram" Oil Shale Gasification Process 2-50 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-50 

Science Applications, Inc. Morocco Oil Shale Project 248
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Company or Organization	 Proiect Name 

SOIV-EX Corporation 

Southern Pacific Petroleum 

Tosco Corporation 

Triad Research Inc. 

Unocal Corporation 

Union of Soviet Socialists Republics 

U.S. Department of Energy 

United Nations 

Yaamba Joint Venture

Duo-Er Solvent Extraction Pilot Project 2-52 

Acorn Project 2-44 
Condor Project 245 
Rundle Project 2-51 
Yaamba Project 2-51 

Tosco Sand Wash Project 2-51 

Triad Donor Solvent Project 2-55 

Parachute Creek Shale Oil Program 249 

Estonia Power Plants 247 
Kiviter Process 248 

Duo-Er Solvent Extraction Pilot Project 2-52 

Yugoslavia Inclined Modified In Situ Retort 2-55 

Yaamba Project 2-51
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PROJECT ACTIVITIES 

ESSO COLD LAKE PRODUCTION NOW 85,000 BARRELS 
PER DAY 

Esso Resources Canada Limited, a subsidiary of Im-
perial Oil Limited, which In turn is controlled by 
Exxon says production at the Cold Lake Project Is 
now 85,000 barrels per day. 

A previously announced production improvement 
project (see Pace Synthetic Fuels Report, 
September 1987, page 3-5) will bring production up 
to 95,000 barrels per day In 1989. 

Meanwhile, expansion stages seven through ten are 
also under way, with wells to be drilled this year 
and next year. Bitumen production from these 
stages is scheduled to begin next year and be at 
full capacity in 1991. 	 At that time, the total
production rate should be 139,000 barrels per day. 

GULF, CS RESOURCES AND LASMO TO DRILL 
HORIZONTAL WELLS AT PELICAN LAKE 

Gulf Canada Resources, CS Resources Ltd. and Lasmo 
Canada Inc. (formerly Onyx Petroleum Exploration 
Company Ltd.) have begun a horizontal well drilling 
project in the Pelican Lake area north of Edmonton, 
Alberta. 

The project Is scheduled to include 10 horizontal 
wells, which may eventually be converted to steam 
stimulation. The $5 million first phase of the 
project is targeted at a heavy oil reservoir in the 
Wabiskaw sand,	 It will take place on land leased 
by Gulf, who will be the project operator. 	 The
project site contains two drilling pads installed for 
conventional well drilling. Gulf expanded the pads 
to accommodate multi-well horizontal drilling, which 
was expected to begin in January. 

Engineering design and supervision of the drilling ef-
fort is being handled by Horwell S.A., a subsidiary 
of France's Elf Aquitaine. Horizontal lengths of 
1,500 to 2,000 feet are planned. 

SUNCOR Oil. SANDS PLANT BACK IN PARTIAL 
PRODUCTION 

Suncor Inc.'s oil sands plant at Fort McMurray, Al-
berta resumed partial production in January. The 
operation was forced to close in October by a con-
veyor belt fire that spread to a bitumen storage 
tank.

Initial production level after restarting was about 
25,000 barrels per day. Nearly full production of 
55,000 barrels per day is expected to be regained in 
April. However, complete rebuilding will not be 
complete until September. At that time, an expan-
sion of capacity to 63,000 barrels per day will be 
finished.	 The expansion was delayed for several 
months because of the fire. 

Total cost of the fire has not been released, but 
has been estimated to be in the range of 
C$50 million. Suncor took advantage of the shut-
down for repairs to carry out a planned maintenance 
shutdown which had been scheduled for 1988. 

SHELL CANADA MOVES SLOWLY ON PEACE RIVER 
EXPANSION 

Shell Canada's Quarterly Report, issued as of January 
27, lists Its 1988 strategies and plans, which Include 
capital and exploration expenditures of about 
$510 million for the year, up some $100 million from 
the level In 1987. Part of this Increase reflects 
initial engineering and field preparation related to 
planned expansion of the Peace River In situ oil 
sands complex (see Pace Synthetic Fuels Report, 
December 1987, page 3-2). 

Early	 this year, the	 Alberta	 Energy Resources	 Con-
servation Board (ERCE)	 approved Shell	 Canada 
Resources' plans for	 the	 C$570	 million Phase	 Two 
expansion of the Peace River steam injection project. 
Shell	 will wait for	 oil	 prices	 to stabilize	 before 
making	 a definite	 decision	 to	 go ahead	 with	 the 
project.

Shell submitted Its application to the ERCB last sum-
mer with the intention of watching the economic 
climate for 18 months before committing to the 
project. Shell wanted to get the application process 
and some site preparation work completed in advance 
so the project's development would progress quickly 
once the decision is made. 

A go/no go decision on Peace River is expected late 
this year, but the ERCB has put a time constraint 
on the approval. If substantial construction work 
has not been done on the project by the end of 
1990, the regulatory approval will be canceled. 

In the meantime, Shell is putting In roads to the 
Phase Two expansion site, located two miles south of 
the Phase One Peace River project. Phase One, 
which became operational in 1986, includes more 
than 200 wells and produces about 10,000 barrels 
per day of oil. The second phase expansion would 
boost	 Peace	 River	 production	 to	 almost
50,000 barrels per day. 
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Phase Two plans call for drilling of more than 
800 wells over four years. Each year's drilling of 
200 wells would be accompanied by installation of 
four steam generators. The expansion would also 
require construction of a central processing plant 
that would include a gas plant to recover sulfur 
from the acid gas stream. 

SYNCRUDE EXPANSION ACTIVITIES CONTINUE 

Syncrude Canada Ltd. continues to make progress 
both with its $750 million dollar capacity addition 
project, scheduled for completion this year, and with 
possible future expansions. 

A contract has been awarded to Lummus Crest Inc. 
for basic engineering on what will be the world's 
largest hydroconversion unit. 	 Capacity will be 
82,500 barrels per day.	 Syncrude plans to install 
two units, of identical LC-Fining design. This is 
part of Syncrude's plan for future expansion to 
225,000 barrels per day. Lummus previously handled 
the engineering and procurement for a 40,000 barrel 
per day LCFlning unit that is set to go on stream 
at Syncrude in the summer of this year. 

Synerude recently let a $2 million contract to 
Peacock Inc., a unit of Weir Group, Glasgow, Scot-
land, to modify 24 large decanter centrifuges at its 
Fort Mdllurray, Alberta, tar sands plant. 

When the current expansion program Is completed 
this year, Syncrude's production capacity will have 
been increased from 130,000 to 150,000 barrels of 
synthetic crude per day. 

In early 1987 Syncrude filed an application with the 
Alberta Energy Resources Conservation Board for a 
$4 billion Phase Three expansion. The company sub-
mitted the application to get the ERCB's preliminary 
approval, but a decision to go ahead with the third 
expansion phase is probably still several months 
away. The decision will be based on oil prices, 
crude reserves and royalty agreements. 

If Syncrude decides to go with the project, it would 
be completed in 1993 and boost the plant's output 
by 50 percent to 225,000 barrels per day, which 
would be 15 percent of Canada's total crude produc-
tion.

4! 

SCEPTRE RESOURCES COMPLETES FIRST HORIZONTAL 
WELL AT TANGLEFLAGS NORTH 

Sceptre Resources Limited initiated its Tangleflags 
North project in Saskatchewan last October (see Pace 
Synthetic Fuels Report, December 1987, page 33 for 
a complete project description). 	 The company now

reports that at the project, the first horizontal oil 
well to be drilled in Saskatchewan has been com-
pleted. Steam flooding will commence during 1988 
and production is anticipated to reach 1,000 barrels 
per day prior to December 1989.	 Dependent upon 
the results,	 13 additional horizontal wells are 
planned for this 285-acre project area. 

Sceptre holds a 50 percent interest and Is the 
operator of the project. Recovery of the oil in 
place is expected to increase from less than one 
percent under conventional production methods to up 
to 50 percent. This is achieved by the combination 
of a horizontal well and existing enhanced oil 
recovery technology whereby steam is Injected into 
the top of the reservoir through four vertical Injec-
tion wells and the heavy oil is produced from the 
horizontal well immediately below.	 - 

Total cost of this pilot project is expected to reach 
$10.2 million by 1990. 

CO-OP UPGRADER TO PROVIDE UNIQUE REFINERY 
CONFIGURATION 

The heavy oil upgradei' which Ncwcrade Energy is 
adding to the Consumers' Co-operative Refinery at 
Regina, Saskatchewan will be the first of its kind in 
the world, according to the company. 

Nowhere else in the world is there a plant that 
starts with such a poor quality feedstock and carries 
it all the way through to finished consumer products 
and marketable byproducts. 

There are other plants that have worse feedstocks, 
like the tar sand plants, where they basically start 
with sand and gravel, but they only go part of the 
way. They only go to a synthetic crude oil, 
NewGrade will be starting with something that is 
extremely low quality by industry standards, and 
carrying it all the way through to finished products 
like gasoline and diesel fuel. 

That extremely low quality feedstock is Saskatchewan 
heavy crude oil. The process which will turn it 
Into gasoline and diesel fuel is not new technology. 
It has all been used somewhere else. But this will 
be the first time it has been put together in this 
combination. 

The production of gasoline and diesel fuel from 
heavy Saskatchewan crudes requires the addition of 
four major processing units to the existing Co-op 
Refinery (Figure 1). 

These units, collectively known as The Upgrader, are 
the ARDS Unit (Atmospheric Residual Desulfurization), 
the NW (Distillate Hydroprocessing Unit), the Sulfur 
Plant and the hydrogen Plant. They will remove the 
sulfur, nitrogen and metals which contaminate the 
heavy oil feedstock, and treat the heavier portion of 
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FIGURE 1 

CO-OP INTEGRATED UPGRADER/REFINERY 

the oil to increase its yield to high quality gasoline 
and diesel fuel. 

With the addition of these units, the resulting 
Upgrader/Refinery complex will--like the tar sands 
plants--produce an upgraded, synthetic crude oil. 
The refinery will then make gasoline and diesel fuel 
from this upgraded crude oil, and ship any surplus 
upgraded oil to eastern refineries. 

Byproducts of the process include high-grade coke 
for use in aluminum processing, metals, and liquid 
sulfur. 

The	 llpgruder and Refinery	 form a	 fully integrated 
unit.	 The heavy oil	 does	 not simply flow	 first 
through	 the upgrader	 units	 and then into	 the 
refinery.	 Figure	 1 shows how the new units are in-
tegrated.

First, all the heavy oil feedstock passes through the 
existing refinery's crude distillation unit, where the 
lighter materials are separated by distillation and 
passed directly to other refinery units for further 
processing. The remaining residuum goes to the new 
ARDS unit for primary upgrading before it returns to 
existing refinery units for conventional processing. 

111-PROVINCIAL UPGRADES. FUTURE STILL UNSETTLED 

News reports in November of last year had hinted at 
a possible financial agreement to allow Husky Oil's 
Bi-Provincial Upgrader Project to move forward. 
Meetings between Husky and the governments of 
Canada, Alberta and Saskatchewan had been held in

response to a proposal for financial assistance put 
forth by Husky two months earlier. At least one 
report expressed optimism that an agreement would 
be reached by the end of the year. However, early 
in 1988 Alberta Energy Minister Neil Webber was 
quoted as saying that the price differential between 
heavy and light crude oil was far too low for the 
project to be economical. A price differential of $5 
to $7 per barrel is thought to be necessary. 

Although the price differential has been increasing, 
it is still not in this range. 

Discussions are presumed to be continuing, but none 
of the participants appear to be optimistic at the 
moment. 

OSLO GROUP UNDERTAKES NEW SITE EVALUATION 

The OSLO group, which has been considering n 
75,000 barrel per day oil sands mining and extrac-
tion plant, has undertaken a new C$6.5 million site 
evaluation program in the Kearl Lake region near 
Fort McMurray, Alberta, Canada. Core holes will he 
drilled and seismic surveys run in an effort to 
delineate a suitable facility location. 

The OSLO (Other Six Leases Operating Agreement) 
group, composed of Esso Resources, Petro-Canada, 
Canadian Occidental, Gulf Canada, PanCanadian 
Petroleum and Alberta Oil Sands Equity, was formed 
in 1981 to look at a joint venture surface mining 
project.	 The group's studies have included plants
ranging in size from 15,000 to 100,000 barrels per 
day.	 To date some $20 million has been spent on 
project studies. 
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In late 1087 discussions with the Canadian and Al-
berta governments were held with the goal of ena-
bling plant construction to begin in 1988 and 
production to be underway in 1994. Cost of the 
project was estimated at $4 billion. 

MOBIL EXPANDS BArFRUM FIREFL000 

Mobil Oil Canada, Ltd. has begun a $30 million ex-
pansion program to increase oil production from 
three in situ wet combustion units in the Battrum 
field in the Swift Current producing area of Sos-
catche wan. 

This expansion includes drilling additional 'veils; con-
verting some of the wells to air/water injection; 
recompleting existing wells, and upgrading surface 
production and air injection facilities. 

At Battrum Unit I the drilling of 14 new wells has 
been completed.	 In addition, 22 existing wells will 
be recompieted.	 Overall completion is expected in 
the spring of 1988. At Unit 2, the drilling of 
11 new wells has been completed. Surface produc-
tion facilities serving both units are also being 
upgraded. 

In total, $18 million Is being spent on these two 
projects.	 Costs will be shared by the companies 
participating in these projects. 	 At Unit 1, par-
ticipants are:	 Mobil Oil Canada, Ltd. 49 percent;
Unocal Canada Limited 31 percent; and Saskoil 
20 percent.	 At Unit 2, participating companies are; 
Saskoil 40 percent; Mobil Oil Canada, Ltd. 
27 percent; Unocal Canada Limited, 16 percent; 
Husky Oil Ltd. 11 percent; and Canterra Energy Ltd. 
six percent. 

Unit 3 participants are currently negotiating an en-
largement of the unit area, after which, the 
partners (Mobil, Unocal, Saskoil, Hudson's Bay Oil and 
Gas) will complete the necessary analysis and final-
ize plans for a major expansion of the wet combus-
tion process in the unitized zones. The cost of the 
Unit 3 expansion Is expected to be In the neigh- 
borhood of $12 million, based on current plans. 
Construction Is expected to commence in early 1988. 

The air injection plant is also being upgraded to 
meet the increased demand. Work is expected to be 
completed by the middle of 1988. 

The expansions are expected to increase total oil 
production from the three units by more than 
2,500 barrels per day.	 The Battrum oil field was 
discovered in 1955. 	 The first production of nil by
in-place combustion was carried out at Battrum by 
Mobil in 1965.	 At the time It was the first such
test in a commercial oil field in Canada.

AMOCO CANADA MOVES TOWARD ELK POINT EXPAN-
SION 

Amoco Canada Petroleum Company Ltd. began drilling 
new primary production wells in November at its Elk 
Point project, located in the Lindbergh area of Al-
berta. Original plans for the project in 1985 in-
cluded a commercial steam injection operation cost-
ing almost $2 billion. This, however, was canceled 
in 1986 after the oil price plunge, and most of the 
existing primary production wells were shut down. 

In 1987, most of the primary production wells were 
put back on line, and cyclic steam injection was 
begun in the 13 pilot wells. 

In February, 1987, Amoco Canada received approval 
from the Energy Conservation Board to expand the 
development of sections 28 and 29. Continued 
development Is stated to be dependent upon crude 
oil prices, continuous technical assessment of the 
project and field performance, and the fiscal en-
vironment. 

To begin this continued development, Amoco will 	 drill 
35 wells in	 the	 north	 half	 of section	 29, using con-
ventional and slant drilling methods. 	 The drilling	 of 
the south half	 of	 section	 20	 would be in early	 1089 
and the	 drilling of section	 28	 in	 1990.

Each new pad will be equipped with facilities to 
collect and meter production from the wells. Pad 
facilities construction will commence in early 1988. 
The facilities will include pumping equipment to 
bring the oil to the surface, production lines for 
collection of the oil and gas, test tanks that will 
provide for the testing of the amount of production 
at each well and a group tank that will allow the 
measurement of the total production from the entire 
pad. 

Amoco will also install lip to four pipelines to 
transport water, gas, emulsion and stea,n from the 
pad to and from the cleaning plant. 

Oil production from current welts at Amoco's Elk 
Point field totals 900 cubic meters per day. 
Production with these new wells will gradually in-
crease totals to approximately 1,280 cubic meters 
per day. To accommodate this increase, the central 
bitumen cleaning facility at 14-28 must be expanded. 

New facilities to be installed will include a third 
treating train, similar to the other two treaters that 
remove sand and water from the oil, and a slop oil 
treater, designed to handle the one to two percent 
of the oil that has such high contents of solids and 
water that It cannot be treated with the existing 
equipment. 

The new wells should be ready to go on primary 
production this spring, but Amoco plans to wait and 
see how oil prices hold up before deciding to put 
the wells on steam injection. 

## ##
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Total cost for the drilling program in the north halt 	 A possible future development schedule is given in 
of section 29 and expansion of the cleaning plant is 	 Table 1. 
approximately $18.2 million.

TABLE 1

ELK POINT FUtURE DEVELOPMENT PLANS 

Work Planned 

Drill 35 infill wells for cold 
production from the L. Cummings 
formation in NE/4 and NW/4 of Section 29. 

Expand central bitumen cleaning 
facility at 14-20 site. 

Build oil gathering pipelines 
between two pads and plant. 

Drill 30 infill wells for Cold 
production from the L. Cummings 
formation in SE/4 and SW/4of Section 29. 

Build Sates oil pipeline. 

Drill 30 wells for cold 
production from the L. Cunmings 
formation in south half of Section 28. 

Drill 36 wells for cold 
production from the L. Cummings 
formation in the north half of Section 28. 

Expand central steam generation 
facilities and install steam 
distribution pipelines to Section 29 pads. 

Ccxmtncesteacnn injection into 
Section 29 wells. 

Possibly drill itO wells for 
cold production from Clearwater 
forrmtion in Sections 28 and 29. 
Drill approximately 55 wells per year. 

Possibly drill 126 wells 
preparation for L. Cumnings steamflood 
in Sections 28 and 29. 
Drill approximately 63 wells/yr.

Approximate Timing 

Start: 4th Qtr. 1987 
Finish: 2nd Qtr. 1988 

Start: 1st Qtr. 1988 
Finish: 2nd Qtr. 1988 

Start: 2nd Qtr. 1988 
Finish: 2nd Qtr. 1980 

Start: lQtr. 1900 
Finish: 2nd Qtr. 1989 

Start:	 1st Qtr. 1900 
Finish: 2nd Qtr. 1989 

Start: 1st Qtr. 1990 
Finish: 2nd Qtr. 1900 

Start: 1st Qtr. 1991 
Finish: 2nd Qtr. 1991 

Start: 4th Qtr. 1989 
Finish: 4th Qtr. 1989 

Start: 1st Qtr. 1990 
convert to continuous 
steam injection in 1993 

Start: 3rd Qtr. 1990 

Start: 3rd Qtr. 1992 
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CORPORATIONS 

WAY CLEARED FOR AMOCO ACQUISITION OF DOME 

Final clearance has been given for Amoco Canada 
Petroleum Company Ltd. to proceed with its Plan of 
Arrangement for the acquisition of Dome Petroleum. 
Amoco Canada expects closing of the deal to occur 
by mid-year. 

The Plan of Arrangement approved by the court sets 
out voting classes for Dome's creditors and 
shareholders, their respective voting levels for final 
approval of the deal, and voting procedures. As 
part of the arrangement, Amoco Canada has com-
mitted to the following specific undertakings after 
Its purchase of Dome has been completed: 

- To offer employment to substantially all of 
Dome's employees after the acquisition. 

- To offer an opportunity for Canadians to ac-
quire 20 percent of the company's voting 
common shares in a series of offerings, the 
first of which will be made within five 
years. 

- To invest at least $2.5 billion in expanded 
exploration and development activity over the 
five years following the acquisition. 

- To invest at least $100 million in research 
and development activities in Canada within 
the first five years alter the acquisition. 

- To sell the company's share interest in Placer 
Dome Inc. and its interest in a gold mine at 
Detour Lake, Ontario, and in various oil and 
gas producing properties with an aggregate 
production rate of 10,000 barrels of oil 
equivalent per day. These sales will be 
designed so as to encourage offers from 
Canadian-controlled companies. 

- To enlarge the company's Board of Directors 
from nine to at least 12 members, at least 
three-quarters of whom will be Canadians 
and half of whom will be outside directors. 
In addition, Amoco Canada's chairman of the 
board and president will be a resident of 
Canada. 

- To continue to provide Canadian suppliers and 
manufacturers full opportunity to provide 
their services and supplies. 

- To make scheduled payments to the federal 
government of more than $150 million in 
Petroleum and Gas Revenues Tax owed by 
Dome. 

- To ensure that at least 70 percent of Amoco 
Canada's executive management is Canadian.

As a result of the above agreements, Amoco is com-
mitted to launch several major projects on Dome 
properties once the acquisition is complete. 	 They 
entail 10 waterfioods, 	 development drilling on 
45 properties, and two major enhanced oil recovery 
piojects. Amoco also plans to reactivate a major 
heavy oil project where Dome has leases on the 
Primrose weapons range in northeastern Alberta. 

CARBOTEK WINS DOE PHASE II FUNDING 

Carbotek Inc. of Houston, Texas has advanced to the 
second phase of the United States Department of 
Energy's (DOE) Small Business Innovations Research 
(SBIR) program. 

Carbotek will get $500,000 In funding to continue 
research in developing a downhole steam generation 
technique. The technique involves downhole electric 
heaters with sheath materials able to withstand 
prolonged exposure to hot, corrosive conditions. 
Much of the research will focus on finding alloys 
suitable for use in the system. 

The DOE awarded Carbotek $50,000 in Phase I of the 
program in 1987 to study the feasibility of develop-
ing the system, and Phase II work will include an 
economic and technical feasibility study of a field 
test. A Phase III grant would be for actual 
manufacture or installation of the downhole steam 
system in the field. 

A second Carbotek project which also received SBIR 
funding has been completed through Phase I and is 
awaiting review to see whether it also will advance 
to Phase II. In this project a novel, double-walled, 
vacuum-insulated tube is planned for efficient trans-
mission of hot water or steam for enhanced thermal 
recovery of heavy oil from deep oil reservoirs. 
This design improves the structural reliability while 
providing improved thermal insulation having a low 
manufacturing cost. 

Successful development of this technology should 
provide reliable, efficient, economical insulated 
tubulars for enhanced oil recovery systems using 
varying amounts of steam or hot water with tem-
peratures up to 700 0 F. 

ABC EXPANDS COLD LAKE PIPELINE 

A $22 million expansion of the Cold Lake Heavy OH 
Pipeline is planned for 1988 by AEC Pipelines, a 
Division of Alberta Energy Company Ltd. 
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The expansion will handle production increases an-
ticipated from two recently announced project 
extensions--Phase Two of the BP Canada/Petro-
Canada Wolf Lake operation and Phases Seven to Ten 
of the Esso Resources Cold Lake project. 

Pipeline expansion plans include construction of oil 
storage and related pumping and metering facilities 
adjacent to the existing La Corey OH Terminal. The 
La Corey Terminal now provides pipeline access for 
truck-transported heavy oil. Upon completion of 
these new Pipeline Terminal facilities and modifica-
tions to existing pumps, the pipeline capacity will 
increase from 185,000 barrels to 215,000 barrels per 
day. 

Construction of the project, expected to begin in 
May 1988 with commissioning in February 1909, likely 
will have a peak construction force of 80 people. 

An application has been filed with the Energy 
Resources Conservation Board seeking regulatory ap-
proval to amend existing permits and licenses related 
to the 24-inch Cold Lake Pipeline. 

Alberta Energy Company Ltd. is Alberta's largest 
intra -provincialtransporter of oil. AEC Pipelines has 
constructed and operates the Alberta Oil Sands 
Pipeline which transports Syncrude production to Ed-
monton. 

£850 PLANS CALGARY RESEARCH CENTER 

Esso Resources Canada Limited--a subsidiary of Im-
perial Oil Limited, a Canadian company in which Ex-
xon has a 70 percent interest--has reaffirmed its 
plans to build a $35 million research center. Design 
work and site preparation for the new facility, to 
be erected at the University of Calgary Research 
Park, in Calgary, Alberta, began in 1985 but were 
slowed the following year due to uncertainties 
caused by the decline In world crude oil prices. 

With construction plans rescheduled, completion of 
the new building is estimated for 1990. The new 
facility will be situated on an 11-acre site and in-
eludes 209,000 square feet of laboratory and office 
space. When completed, It will incorporate state-
of-the-art equipment for research into enhanced oil 
recovery and oil sands bitumen extraction. 

About 140 people are said to be involved in Ease 
Resources' research efforts, currently conducted at 
the company's 33-year-old laboratory in southeast 
Calgary.

NOVA TO BUY BACK HUSKY SHARES 

Nova Corporation of Calgary will spend about 
$215 million (Canadian) to buy a 42 percent Interest 
in Husky Oil Ltd.	 from Hong Kong investor 
Li Ka-shing. It will buy 011 Term Holdings Ltd., 
which holds the Husky stake, from his Union Faith 
(Canada) Ltd. 

Nova	 sold	 the stake	 in Husky	 last year	 (see	 Pace 
Synthetic	 Fuels Report, March	 1987, page	 3-5) in a 
complex	 deal which appeared	 to involve	 over 
$500	 million.

ORS CORPORATION CLAIMS SUCCESS WITH 
ELECTROMAGNETIC WELL STIMULATION 

The ORS Corporation announced results from the ORS 
Wildmere well which was drilled in the Wildmere 
Field of Alberta, Canada. The Wildmere well was 
completed as a joint venture between Canada 
Northwest Energy, a Canadian independent oil com-
pany based in Calgary, and ORS Canada Ltd. 

Initial production of the Wildmere well began in 
January, 1987 at 10 barrels per day without use of 
the company's enhanced recovery technology. In 
May 1987, ORS Corporation's proprietary technology 
was incorporated in the well with the installation of 
process surface equipment. The technology utilizes a 
down hole heating device to stimulate the flow of 
heavy oil within the reservoir resulting in improved 
production rates. 

Subsequent to startup in May, the well has 
demonstrated the ability to produce oil at sustained 
rates of 40 barrels per day with process energy 
costs of less than $1 per barrel of oil. All process 
equipment is functioning as expected and reservoir 
heating to temperatures in excess of 230 0 F has 
been observed. 

In other areas, ORS Corporation announced that it 
has reached an agreement with Canada Northwest 
Energy, Limited (CNWE), Calgary, Alberta, and DCC 
Equities Limited of Toronto, Ontario, which includes 
the purchase of ORS restricted common stock by the 
subscribers in exchange for a significant amount of 
new working capital and for additional technical as-
sistance by CNWE along with other considerations. 

As part of the transaction, which includes a greatly 
expanded effort to market the ORS technology 
worldwide, ORS opened a newly-formed international 
operating office in Calgary, in February. 

ORS Corporation's primary system utilizes electromag-
netic energy to heat heavy oil formations, which in 
turn greatly reduces the viscosity of the oil being 
produced and leads to Increased well production. An 
additional application involves a tubing heating sys-
tem that serves to effectively eliminate the buildup 
of paraffin. 
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The process has been utilized in applications in the 
United States and Canada, and is currently undergo-
ing testing in Brazil. ORS has formed a joint ven-
ture with a Brazilian firm, Azevedo E Travassos S/A 
of Sao Paulo to develop and market the ORB well 
stimulation process in that country. 

Results	 provided	 by	 Petrobras,	 the	 Brazilian	 national 
oil	 company,	 regarding	 the	 initial Brazilian test	 well 
in	 which	 ORS	 equipment	 was	 installed In	 early 
December,	 1987,	 show	 that	 the stimulated production 
has	 more	 than	 tripled	 the	 primary	 oil production 
level of seven barrels per day.	 The initial test well 
program	 is	 expected to be expanded into a	 10-well 
pilot	 project,	 which	 is	 anticipated	 will lead	 to 
stimulation	 of	 a	 large	 number	 of	 wells throughout 
the country.

The electromagnetic stimulation process does not 
have a perfect track record. ORB stimulated a well 
farmed out from Tenneco in the White Wolf Field 
near Kern River, California, but the project wasun-
successful. The well sanded up immediately and 
produced no oil. 

The ORB Corporation believes the process might have 
worked if a different completion design had been 
used. ORB has since licensed the technique to 
Pogue Oil Recovery Technology of Bakersfield, 
California, for application in that state.

IROC REPORTS SUCCESS WITH ELECFROMAGNETIC WELL 
S11MULATION 

International Royalty & Oil Co. (IROC) of Fort Worth, 
Texas, announced preliminary results of its first 
commercial enhanced oil recovery project, using the 
company's IROC Process. The process employs 
electromagnetic energy to heat an oil formation, 
thereby thinning heavy crude oils and increasing 
their production dramatically, at a total energy cost 
of less than $2 per barrel of oil, according to IROC. 

The IROC Process was installed on a heavy crude 
(15 gravity) well near Lawton, Oklahoma, on 
October 31, 1987. Normal production on this well 
is seven barrels of oil per day; as of November 30, 
production had been increased to an average of 
12.9 barrels per day for the thirty-day period, or an 
increase of 85 percent. Even with initially low 
power settings, the process was able to virtually 
double production while increasing the bottom-hole 
temperature from 82 to 117 degrees.	 The planned
goal is 150 degrees bottom-hole temperature and 
production in excess of 25 barrels per day. IROC 
and its operating partner sold 243 barrels of oil in 
November, representing IROC's first commercial sales 
since beginning development of its technology two 
years ago. While continuing production on its first 
commercial well, IROC is in negotiations to acquire 
the entire lease on which it is working. This lease 
has six producing oil wells, one producing gas well 
and one injection well. 
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GOVERNMENT 

CONTINUING RESOLUTION PROVIDES $900,000 FOR DOE 
TAR SANDS RESEARCH 

On December 23, 1987, nearly	 three months into the 
1988	 fiscal year, President	 Reagan signed the	 1988 
Continuing Resolution which was passed by Congress 
in	 lieu	 of being able	 to produce an	 appropriations 
bin.

The Resolution allocated funds of $900,000 to the 
Department of Energy (DOE) "above that provided by 
the House appropriations committee," for tar sands 
research. It was specified in the bill that of the 
funds added for tar sands $400,000 is for the 
Department to continue existing contracts on mining 
and above ground processing and upgrading of west-
ern tar sands in Utah, $400,000 is for contracting 
with universities In Alabama and Arkansas for 
research on southern tar sands resources, and 
$100,000 is to be transferred to the Bureau of Mines 
to conduct a commercial tar sands inventory on 
Bureau of Land Management lands in Utah relying on 
university level program expertise in Utah to execute 
the program. 

DOE OPENS OFFICE OF GEOSCIENCE RESEARCH 

The United States Department of Energy (DOE) has 
opened an Office of Geoscience Research. One of 
the primary objectives of the new office is to im-
prove technology for enhanced oil recovery (EOR). 

DOE Secretary John Herrington last summer an-
nounced the formation of the office as part of a 
three-pronged effort to assist the United States 
petroleum industry in increasing reserves. The DOE 
believes oil left behind in discovered reservoirs Is 
extremely important to the industry's future and ex-
pects EOR to be the means of developing those 
resources. 

The DOE set up the Geoscience Research Office to 
ensure a coordinated research effort in the fossil 
energy field. This move was intended to address a 
research gap developing in the industry because 
many major companies are cutting back on funding 
and most independents could not afford large-scale 
research in the first place, The Geoscience Office 
plans to accomplish this by approaching researchers 
in the industry, at universities or on the state level 
with ideas for projects that would be conducted on 
a cost-sharing basis. 

The Geoscience Office has only been in operation for 
a short period of time, and has not yet pinpointed 
any specific EOR processes or technologies that will 
be the focus of its efforts for this year. One pos-
sibility is to concentrate efforts on improving

three-dimensional reservoir modeling. DOE hopes 
better understanding in this area will improve all 
recovery techniques. 

The Office of Geoscience Research has authorization 
to hire a director, deputy director, physical scien-
tist, program analyst and a secretary. The Geos-
cience Office will also interface with the newly 
formed DOE Hydrocarbon Geoscience Research Coor-
dinating Committee, which Is the second of DOE's 
three-pronged initiative program. The committee is 
comprised of members from each of DOE's energy 
research programs and has as its goal coordinating 
DOE research work to share information and avoid 
duplication among the programs. 

it ### 

DOE REPORT ADDRESSES RESEARCH NEEDS FOR 
HEAVY CRUDES 

A report prepared by the National Institute for 
Petroleum and Energy Research, "Research Needs for 
Heavy Crude Processing and Utilization," (DE87-
001257) addresses both research needs and priorities 
from the standpoint of future funding by the 
Department of Energy (DOE). 

In the future, heavy crudes and other alternative 
crudes will have to be refined to fuels and 
lubricants. Heavy crudes will be the initial source 
chosen because of their availability and relative ease 
of upgrading when compared to other alternative 
crudes. There will be a transition period from con-
ventional to heavy crude feedstocks. With declining 
conventional reserves and increased dependence on 
foreign Imports, the United States will not control 
the rate of this transition. The challenge in 
processing heavy crudes will be to efficiently 
upgrade the residual fraction (the majority of the 
heavy crude volume) of these crudes to distillates. 
At present, proven refinery technology Is incapable 
of efficiently handling neat or undiluted heavy crude 
feedstocks except by coking. The recent economic 
problems of the domestic oil industry, brought on by 
falling oil prices, corporate raiders, the success of 
conservation measures, and increased expenditures re-
quired by environmental regulations, have seriously 
weakened the domestic oil industry causing a sig-
nificant reduction in research and development and a 
general "brain drain" of the industry. 

Current data for heavy crudes and the understanding 
of heavy crude processing characteristics are quite 
limited and are generally inadequate to support a 
rapid transition from conventional to heavy crudes. 
The report states that a critical role for DOE 
sponsored research Is to develop information and un-
derstanding In a practical form which will "ease the 
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transition and assure the continued attainment of the 
national energy goal." The critical factors (research 
needs) which will control the success of this transi-
tion are: 

- Understanding the chemistry of heavy crudes 

- Understanding the characteristics of heavy 
crudes 

- Development of design data and correlations 

- Development of thermodynamic data and cor-
relations 

- Understanding stability and compatibility 

- Understanding fuel/engine performance 

In order for a smooth transition to heavy crudes to 
occur, detailed studies of each of these factors will 
be necessary. The development of the above under-
standing and data should constitute the heavy oil 
research objective. As noted in the report, many of 
these research needs are crosscutting; the findings 
and techniques developed in these areas will apply 
to the development of other energy resources such 
as tar sands, shale oil, and coal liquids. 

Understanding the Chemistry of Heavy Crudes 

Currently available analytical methods are not ade-
quate for residual oil fractions and cannot quantify 
structural differences. The upgrading of these frac-
tions will be the major effort involved in the heavy 
crude refinery of the future. The development of 
improved analytical techniques and the resulting im-
proved understanding of the processing chemistry will 
greatly aid - the transition from conventional to heavy 
crudes. 

In order to develop a detailed understanding of the 
chemistry of heavy crudes additional studies to 
develop appropriate analytical methods will be re-
quired. An improved understanding of the processing 
chemistry of various compound types in heavy crudes 
should be established. The stated goal of this 
program would he to develop analytical methods and 
experimental techniques which will answer the fol-
lowing questions about heavy crudes. 

- What are the major compound classes in the 
residual fractions of heavy oils? 

- What is the behavior of these compound 
classes at processing conditions? 

- What compound classes limit process perfor-
mance? 

- What compound classes limit fuel quality? 

- Do these compound classes and their process-
ing behavior vary with the source of the 
heavy crude?

- Are there simple tests which relate the 
heavy crude composition to processing 
response? 

The answers to these questions will aid in the con-
ceptual development of heavy oil processes, 
troubleshooting and optimization, and the selection of 
heavy crudes for process feedstocks. 

Understanding the Characteristics of Heavy Crudes 

The primary objective of this program would be to 
develop a heavy crude oil data base similar to the 
conventional crude oil data base developed by the 
Bureau of Mines between 1920 and 1960. In a 
heavy oil refinery, regardless of the specific tech-
nology, economics will dictate that residual fractions 
must be upgraded; this will require removal of met-
als and heteroatoms. and the rejection of carbon 
and/or the addition of hydrogen. Hence, It is ob-
vious that characterization of heavy oils should con-
centrate on the characterization of the resid frac-
tions and their process response in terms of carbon 
refection and/or hydrogen addition. A program is 
proposed to determine specific characteristics of the 
residual fractions of heavy crudes and determine the 
response of these fractions to carbon rejection and 
hydrogen addition techniques. Once this information 
is generated, it would he incorporated into a com-
puterized heavy crude data base. This type of In-
formation will define havy oils, aid in the develop-
ment of new ideas and processes, and provide a 
useful tool for heavy oil refining in the future. 

Development of Design Data and Correlations 

In a heavy oil refinery, the majority of the process-
lag will be done to the residual fractions. It is 
obvious that design properties and correlations for 
resid fractions will be required. 	 In this program,
the data necessary to develop these correlations 'viii 
be developed.	 In addition, the data will be corre-



lated and implemented into an existing process 
design computer program. The final result will be 
an integrated tool for the evaluation and design of 
heavy crude facilities. 

Development of Thermodynamic Data 

Thermodynamic data is not only important in the 
design of processes, it is also extremely important in 
defining possible reaction pathways and establishing a 
range of conditions where those reactions are pos-
sible. It is also valuable in defining the maximum 
conversion which is possible in a reactive system. 
The types and the amount of thermodynamic data to 
be developed are quite large. Because of the vast 
combination of compositions possible, this effort will 
concentrate on developing data which can be incor-
porated into general thermodynamic relationships such 
as group contribution methods or pseudo-component 
methods. In addition, bulk thermodynamic data on 
critical properties (enthalpy, heat capacities, etc.) 
would be measured. Once this information has been 
compiled and correlated into useful forms, it will be 
incorporated into DOE's ASPEN process simulator. 
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Understanding of Fuel Compatibility and Stability 

Fuel Instability and Incompatibility are difficult 
problems and are due to a relatively slow series of 
reactions/processes which can be affected by 
numerous factors. The understanding of these fac-
tors will be critical in the successful transition from 
conventional to heavy crudes and will dictate the 
limits of processing and blending which are necessary 
to produce an acceptable fuel. This is because the 
products from heavy ends upgrading tend to be more 
complex and reactive. This program will concentrate 
on obtaining problem fuels and developing analytical 
techniques which can be used to develop a better 
understanding of the molecular species and 
mechanisms which cause stability and compatibility 
problems. This understanding will provide valuable 
guidelines for processing and blending to produce 
satisfactory fuels from heavy crudes. 

Understanding of Heavy Crude Fuel Performance 

The final test of the suitability of the new fuels 
from any process upgrading heavy oil will be the 
performance of that fuel in an engine. This infor-
nation will dictate the amount of additional process-
ing or blending which will be required to generate 
an adequate fuel. 	 For a fuel to be adequate, it
must buns efficiently, create no materials problems, 
and have reasonable emissions. To test the 
suitability of fuels from heavy crudes, long term en-
gine testing with fuel from pilot scale upgrading 
processes will he performed.	 These tests will be
evaluated for engine performance, material problems 
and emissions problems. 	 Advanced analytical tech-



niques will be used to relate performance charac-
teristics to the fuel composition. This will provide 
valuable guidelines for the processing and blending 
of adequate fuels from heavy crudes. 

Results of a Review by Refining Industry Experts 

The document summarized above was sent to 
24 experts in refining and refining research and 
development.	 These individuals represent lenders in 
the refining industry, supporting industries, and 
academia for refining technologies. Sixty percent of 
these individuals responded to the request for a

review. Of those responding, 86 percent were sup-
portive of a DOE research program in heavy crude 
upgrading outlined above. Only 14 percent of the 
responses were negative; for the most part, they in-
dicated in their replies that the proposed avenues of 
research would be fruitless and/or the research 
program described was really the business of industry 
and government should not be involved. 

In addition to requesting an opinion of the effort, 
the reviewers were asked to rank the relative im-
portance of the research needs listed at the begin-
ning of this article. While only a limited number of 
the respondees ranked these research needs, this 
ranking resulted in an ordering of the research 
needs as shown in Table 1. Overall, the understand-
ing of the chemistry of heavy crudes was strongly 
supported by a majority of the respondees (both 
those who ranked and those who chose not to). 
Many expressed the opinion that if the chemistry of 
heavy crudes were more completely understood, then 
uncertainties in processing would be significantly 
diminished.	 As can be seen, research needs, 2, 3, 
and 4 tied for second place. This tie is probably 
due to the mix of engineers and scientists that 
made up the panel expressing their professional 
preference. Understanding stability and compatibility 
and fuel/engine performance finished third and 
fourth, respectively. Comments from the participants 
indicated that if the chemistry of heavy crudes and 
related refinery processes were fully understood, 
refiners will be able to adjust their processes to 
make quality fuels. It was also noted that blending 
and fine tuning within a refinery to produce 
stable /compatible engine fuels Is a function of in-
dustry and should not be a subject for government 
research. 

The report concludes that support of the above 
programs by DOE and the successful completion of 
these programs will provide information and under-
standing of heavy crudes and their processing. This 
increased understanding will aid in the smooth tran-
sition from conventional crudes to heavy crudes as a 
principal feedstock for domestic refiners. These 
programs will provide valuable tools, such as new 
analytical methods, a heavy oil data base, and a 
process simulator for heavy crudes.	 The methods 

TABLE 1

RANKING OF HEAVY OIL IIESEAILQI NEWS 

Research Needs	 Ranking 

I. Understanding The Chemistry Of Heavy Crudes 	 tat 
2. Understanding The Characteristics Of Heavy Crudes 	 2nd 
3. Development Of Design Data And Correlations 	 2nd 
4. Development Of Thermodynamic Data And Correlations 	 2nd 
5. Understanding Stability And Compatibility 	 3rd 
6. Understanding Fuel/Engine Performance 	 4th 
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and techniques developed will be applicable to other	 mended program is given. These costs to be spread 
alternative fossil energy resources,	 out over a five-year period are summarized in 

Table 2, 
For each of the six identified areas of research 
need, a schedule and estimated cost for the recom-

TABLE 2 

ESTIMATED PROGRAM COST 

Understanding The Chemistry Of Heavy Crudes 
Understanding The Characteristics Of Heavy Crudes 
Development Of Design Data And Correlations 
Development Of Thermodynamic Data And Correlations 
Understanding Stability And Compatibility 
Understanding Fuel/Engine Performance 

Total

$5,050,000 
$1,675,000 
$3,875,000 
$4,800,000 
$4,500,000 
$2,400,000 

$22,300,000 
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ENERGY POLICY AND FORECASTS 

CANADA/UNITED STATES FREE TRADE AGREEMENT MAY 
AID OIL SANDS 

The President of the United States and the Prime 
Minister of Canada signed a bilateral Free Trade 
Agreement	 between	 the	 two	 countries	 on 
January 2, 1988. A decision to ratify or reject by 
the United States Congress should occur by the sum-
mer of 1988 and Canadian Parliamentary approval 
likely will be sought on the same schedule. if ap- 
proved,	 the Agreement will take effect on
January 1, 1989. 

The Agreement should have long-term effects on 
making the United States energy market freely ac-
cessible to bitumen and synthetic crude produced 
from the Alberta oil sands. 

Although controversial in some areas, the Agreement 
is seers to have positive benefits to both countries. 
Because of the controversy, Shell Canada Limited 
issued a position paper outlining the reasons Shell 
believes that the Canadian oil industry should 
strongly support ratification. 

In Shell's view, the Agreement provides for a fun-
damental change of direction in Canada's traditional 
trade relations with the United States, it offers 
Canadians more secure access to what is by far 
their largest export market. 

The Free Trade Agreement will keep open United 
States markets that are critical to the oil and gas 
sector.	 It will remove the threat of protectionist 
trade barriers in the future, it will provide major 
opportunities for the Canadian petrochemicals in-
dustry. 

The Agreement is designed to: 

- Gradually eliminate tariffs until all are 
removed by 1999 

- Significantly	 reduce	 non-tariff	 barriers 
(quotas,	 government procurement policies, 
product standards, etc.) 

- Lessen Canadian restrictions on United States 
investment in Canada 

- Secure Canadian access to United States 
markets for oil, gas, uranium and electricity 

The Advantages for Canada 

Shell believes that many economic benefits will ac-
crue to Canada as the Agreement is fully imple-
mented. Among them: 

- There will be fewer restrictions on invest-
ment flows. This will lead to higher invest-
ment In Canada, and to greater productivity,

output and job opportunities for Canadians. 
The oil and gas sector should benefit from 
new investment. 

- Stabilizing the trade relationship with the 
United States will reduce risk and uncer-
tainty. 

- Canadian industry will become more competi-
tive as it operates in a larger market. This 
should lead to increased output and employ-
ment in Canada. 

- Lower consumer and other prices should be 
realized due to elimination of tariffs, In-
creased competition and expanded production 
efficiencies. 

- There will be opportunities for more sophisti-
cated, higher-value production by Canadian 
manufacturers as tariffs on products entering 
the United States are eliminated (paper 
products, metal fabricated products, 
machinery, petrochemicals, etc.). 

- Disputes arising from the Agreement will be 
settled by a new bi-national panel which 
should be more even handed, predictable and 
quicker to reach decisions than the present 
judicial reviews in each country. 

- Service sectors should gain through reduced 
non-tariff barriers (e.g. licensing standards) 
In such areas as telecommunications, ar-
chitecture and tourism. Most commercial ac-
tivities will have full rights to establish in 
the other country and be treated on an 
equal basis. 

Points of Opposition 

Shell recognizes that concerns and doubts exist 
among some Canadians. Some of the concerns that 
have been expressed: 

- Some consumers (including utilities) of oil, 
gas and electricity say that Canadian control 
over exports will be weakened, since existing 
exports could not be curtailed unless similar, 
or pro-rata, reductions were applied to 
Canada as well. The National Energy Board, 
however, would retain its authority to rule 
on new exports. 

- The Agreement enshrines free market pricing 
for energy at a national level in both 
countries.	 Shell strongly supports this ap-
proach.	 However, this may restrain the
ability of provinces to influence pricing 
through subsidies within their borders. This, 
In turn, could affect some industries includ-
ing, for example, petrochemicals. 
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- There Is valid concern over Job losses in 
such manufacturing sectors as textiles, 
electrical products, engineering equipment and 
others. But there are adjustment periods 
provided in the Agreement to ease the tran-
sition. 

- There is concern that pressure might be ap-
plied on Canada to reduce certain labor 
standards and social programs on the grounds 
that they are indirect subsidies, and not 
compatible with United States practice. 

- Ontario foresees losses in terms of inter-
provincial trade as more north/south trade 
develops across the breadth of Canada. 

- Some oppose- the Agreement on the grounds 
that market forces cannot be trusted to lead 
to desirable social changes. 

- Critics argue that Canadian cultural identity 
will be further weakened. It should be 
noted however that 'cultural industries" are 
clearly exempted from the Agreement. 

- Some Canadians believe that an agreement 
among several trading nations would lead to 
the elimination of the same tariff and non-
tariff barriers "without putting all our eggs 
in the United States basket." That way 
would be slow while the Free Trade Agree-
ment offers a trade pact immediately, 
without precluding agreements with other 
countries.

The Free Trade Agreement will dismantle these 
tariffs on a gradual basis. 

Impacts on Shell Canada 

Shell Canada expects to benefit when the Canadian 
economy improves as a result of the Agreement. 

Specifically the Free Trade Agreement provides more 
secure United States market access for natural gas, 
bitumen, refined products, chemicals, gas liquids and 
sulfur. 

The company also will gain from higher profitability 
for chemicals entering the United States free of 
tariffs. Shell would have access, if necessary, to 
North Slope crude oil from Alaska. - Shell Canada 
would likely face lower costs for the United States 
products and services it requires as a result of 
reduced tariffs and greater competition among sup-
pliers. United States customs user fees and a 
present crude oil tax would be removed from Shell 
exports to the United States. 

For these reasons Shell supports the Free Trade 
Agreement. The company believes it offers a sig-
nificant potential of economic gain to both 
countries--the world's largest trading partnership. it 
is of particular benefit to Canada--pointing the way 
to enhanced and more stable trade, expanded invest-
ment in Canada by both Canadians and others, and 
an increase in the competitive ability of Canadian 
industry worldwide. 

Energy Trade 

Under the Agreement, Canada achieves security of 
market access for oil, gas, electricity, uranium and 
coal. This means: 

- A greater opportunity to export crude oil 
and natural gas. 

- Less likely price regulation in the future and 
less political interference by Canadian 
governments. 

- Generally higher economic growth in Canada
leading to higher domestic energy demands. 

- Any future United States tariffs on energy 
imports, such as oil, would not apply to 
Canada. 

- Access to 50,000 barrels daily of North Slope 
Alaskan crude, widening the supply options 
for the Canadian oil and gas industry. 
(Alaskan crude now is dedicated solely to the 
United States market.) 

Canada has a large and important petrochemicals in-
dustry in place. At present, United States import 
tariffs on a number of products present a real bar-
rier to profitable export trade by Canada.

10CC REARS APPEALS FOR GREATER EMPHASIS 
ON BOB 

The United States should devote more resources to 
recovering oil through enhanced oil recovery (EOR), 
Congressman Beau Boulter (Texas) and J. Allen 
Wampler, Assistant Secretary for fossil energy of the 
Department	 of	 Energy	 (DOE),	 told	 some
400 participants at the annual meeting of the Inter-
state Oil Company Commission (10CC) in Santa Fe in 
December. 

Three- governors were present at the meeting of the 
organization of 29 oil and gas producing states con-
cerned with conservation and waste prevention of 
domestic oil and gas resources. They were: New 
Mexico Governor Garrey Carruthers, Oklahoma Gover-
nor Henry Bellmon and North Dakota Governor and 
10CC chairman George Sinner. 

Roulter told 10CC members that both the federal 
government and the petroleum industry need to make 
a substantial investment in oil and gas research to 
promote the nation's energy security. 'EOR is truly 
the most promising frontier for America's energy 
future,' he said.	 Of the estimated 488 billion bar-



rels of original oil in place, the United States has 
produced approximately 133 billion barrels. 	 Of the 
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EOR techniques will eventually have applications to 
some oil sands deposits. 

remaining 355 billion barrels, 28 billion barrels are 
known recoverable reserves. The remaining 
327 billion barrels constitute a potential target for 
EO R. 

However, of the 327 billion barrels, Boulter said, 
only 30 billion barrels can be produced with current 
FOR technologies. Therefore more research and 
development are needed to tap into this remaining 
abundant resource. 

"The United States government spends considerably 
less money on oil and gas research than other Inter-
national Energy Agency countries," he said. While 
United States funds for EOR research have totaled 
only $12 million In each of the last three years, the 
other countries expenditures increased by over 
200 percent during the seine period. 

Assistant Secretary Wampler agreed that EOR Is the 
key to unlocking the true energy wealth of the na-
tion. 

The DOE's Bartlesville Project Office is assisting the 
10CC in its national study to determine whether tax 
incentives and technology advances can cost-
effectively spur additional oil recovery. Studies of 
FOR potential in Oklahoma and New Mexico have 
been published and a study for Texas is underway. 
So far, the results have been encouraging. 

"Given reasonable oil prices and proper incentives, 
EOR could nearly double current reserves in Ok-
lahoma and New Mexico, according to the study," 
said ;vampler. "Moreover, enacting certain state tax 
Incentives will not reduce state revenue; rather, it 
will increase them--because production comes from 
reservoirs that would otherwise by abandoned." 

Governor Carruthers urged 10CC to address the 
pressing oil and gas issues in terms of the national 
security of the United States. "Oil and gas fuels 
this nation," he said. 

The New Mexico governor advocates an oil Import 
fee, resolving the NTI.-5 issue, and opening the 
Arctic National Wildlife Refuge to oil and gas 
production. 

Governor Bell,non told the 10CC that "it could and 
should have tile brainpower to develop a national 
energy policy." He said new oil discoveries in 1986 
fell to the lowest level in seven years. "We need a 
long-tern energy policy to provide guidance to 
legislators," he said, 

Governor Sinner agreed. "The 10CC must once again 
realize the tremendous responsibility it has--not just 
to itself and its members but to the national inter-
est, to be interest of the people of this country, to 
secure for the country an adequate fuel supply for 
the future." 

Although the speakers did not address oil sands 
specifically, the development of improved thermal

IMPERIAL CHAIRMAN SEES IMPROVED OUTLOOK FOR 
CANADIAN OIL SANDS 

A speech by A. R. Haynes, Chairman, President and 
Chief Executive Officer of Imperial Oil Limited to 
the Canadian Association of Petroleum Landmen notes 
that oil industry prospects have considerably 
brightened in the past year. There have been sub-
stantial increases in provincial land sales, more drill-
ing rigs are active, and there have been a variety 
Wannouncements of major capital. expenditures. 
Those include, of course, Esso Resource's Investment 
of an additional $325 million in heavy-oil develop-
ment at Cold Lake. 

The reasons for the improvement, he says, are 
reasonably straightforward. The most important one 
is that oil prices--while only half of what they 
were a couple of years ago--are nearly twice what 
they were during the summer of 1386. 

Another important change--one that makes $10-a-
barrel oil seem much more attractive than it would 
have been several years ago--is that revenue-sharing 
terms with goverunents are more favorable than 
they have been for quite some time. 

There is now a policy environment that is more 
neutral and, with its emphasis on the market system, 
allows investors to make decisions based on their in-
dividual outlooks regarding petroleum prices and 
markets. 

Admittedly, the timing of Canada's switch to market 
pricing could have been better. After more than a 
decade of seeing prices held below world levels, 
during which time producers had subsidized consumers 
to the tune of an estimated $50 billion, the industry 
hardly had time to become accustomed to market 
pricing before prices went into a tailspin. 

The free market may not always be kind, but at 
least it is more neutral and comprehensible than the 
hodgepodge of regulations that Canadian energy 
policy had become by the early L9 80s. Since 
government policy toward the petroleum industry has 
become much less of an impediment to investment, 
the development prospects for the industry depend, 
to an even larger degree than in the past, on the 
outlook for oil prices. 

As for the future direction of world prices, Haynes 
notes that predicting energy prices in recent years 
has become as dangerous as playing leapfrog with a 
unicorn. However, Imperial expects that beginning in 
the early 1990's--and continuing throughout that 
decade--oil prices will start to increase more rapidly 
than the rate of inflation. That is based on the 
assumption that the fundamentals of supply and 
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demand will have shifted in the direction of a 
sellers' market, with OPEC holding the reins on mar-
ginal supply. When OPEC was last in that position, 
Its response was to increase prices. 

The major problem with a prediction of that sort 
says Haynes, is that just because he, and other 
people, say it Is going to happen does not neces-
sarily mean It will happen.	 Like the mythical 
billboard on a northern river that proclaims: 
"100,000 lemmings can't be wrong," It Is not much 
of a consolation If you have made a mistake to 
realize that others are in the same predicament. 

However, the energy industry is going to have to 
come to grips with the fact that energy prices 
could he highly volatile. And many of Canada's best 
energy development options--the oil sands and fron-
tiers to name just two examples--will bring on rela-
tively high-cost sources of supply. 

Yet, some substantial commitments, in terms of en-
gineering design work and regulatory approvals, are 
going to have to be made soon if these sources are 
going to be available before the end of the century. 
With that pricing uncertainty in mind, Haynes 
reviewed briefly some of the major remaining oppor-
tunities for Canadian hydrocarbon development and 
the price/timing scenario under which Imperial 
believes that it is most likely they will be 
developed. 

Cold Lake bitumen production is economic at current 
prices which is why Imperial is proceeding with 
another four phases of the production project. The 
long-term development potential for the Cold Lake 
deposits Is immense. Esso Resources alone will have 
about one billion barrels of oil sand reserves under 
production when the latest expansion is completed in 
1989. In the near term, there appears to be ample 
demand for this bitumen and a sufficient supply of 
the diluent needed to ship it by pipeline.

In oil sands mining, there have been some dramatic 
reductions in the unit production costs at Syncrude, 
which have encouraged Esso and the other owners to 
persevere with the $750 million capacity addition 
project that Is scheduled for completion next year. 
Suncor has also recently announced a $150 million 
expansion of its mining operation. 

Beyond that, there are going to have to be some 
real increases In oil prices to enable the country's 
other potential sources of oil to be developed. 
However, the increases do not have to be dramatic. 
For example, Imperial believes that oil prices in the 
range of US$20 to $25 per barrel would allow 
projects to go forward in various regions, including 
the oil sands and the frontiers. That assumes that 
appropriate arrangements could be negotiated be-
tween governments and private developers. But it 
agreements can be reached, new energy could be 
flowing from the oil sands, the Mackenzie/Beaufort 
and the East Coast offshore in the not too distant 
future. 

However, the longer-term outlook is positive Indeed. 
In the near term we should not be surprised if 
volatile prices test the courage and patience of 
everyone involved in the industry. We could be in 
for a period of sustained turbulence before supply 
and demand come into closer balance. 

In the longer term, as real oil prices begin to firm, 
Haynes states that Canada will have abundant oppor-
tunities for developing new petroleum reserves that 
will be economically competitive with new supplies 
from any known prospective region. The implications 
of that are quite encouraging. Given the magnitrtde 
of the country's known hydrocarbon resources, It 
means that if oil prices strengthen as expected 
during the early years of the next decade, Canada 
should be able to more than meet its net petroleu 
requirements for the foreseeable future. 

### # 
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ECONOMICS 

SUN &flMATES REFINING COSTS FOR JEr FUEL FROM 
HEAVY OIL 

The final Phase Ill report "Turbine Fuels from Tar 
Sands Bitumen and Heavy Oil," has been published on 
Sun Refining and Marketing Company's work for the 
Aero Propulsion Laboratory at Wright-Patterson Air 
Force Base, Ohio. In this project, an engineering 
design was developed for a 50,000 barrel per day 
grassroots refinery to produce aviation turbine fuel 
grades JP-4 and JP-8 from San Ardo heavy crude 
oil.	 The design was based on pilot plant studies 
carried out in earlier phases of the effort. 

The importance of the design for the Air Force is 
that it represents a strategic alternative for the 
production of United States military jet fuel using a 
domestic, rather than foreign, hydrocarbon resource. 
The feedstock is generally considered to be difficult 
to process due to Its high viscosity and molecular 
weight, and high sulfur and nitrogen contents. 

The purpose of the refinery design was to obtain an 
accurate assessment of construction and operating 
costs, which in turn would be used to determine the 
selling price of refinery fuel products to maintain an 
economically viable operation. The total installed 
capital cost for the refinery based on 1985 prices 
for n Salt Lake City, Utah location was estimated to 
be $1.126 billion. Components of the refinery 
operating costs also are listed in the report. 
Results of the economic study to determine product 
fuel pricing appear in a separate report of the 
overall Phase ill project. 

The distinguishing heavy oil upgrading process used 
in the refinery design Is the "hydrovisbreaking" of 
vacuum reduced crude oil in the presence of a 
coke-suppressing molybdenum-based additive. The 
operation converts reduced crude to lower molecular 
weight hydrocarbons which can be converted to high 
quality fuels by conventional petroleum refinery 
hydrotreating and hydrocracking processes. The at-
tractiveness of hydrovisbreaking as described in the 
report is its high conversion of the reduced crude 
with suppression of coke formation by a non-
proprietary process using conventional processing 
equipment. 

Refinery Process 

The basic refinery process flow scheme includes 
twelve onsite processing units and is illustrated in 
Figure 1. The major processing units are: 

- Crude Unit 

- Ilydrovisbreaker Unit 

- Naphtha Hydrotreating Unit 

- Distillate Hydrotreating Unit

-	 Distillate	 ilydrocracking	 Unit	 (with	 product 
fractionation) 

-	 Gas Plant 

Additional auxiliary units include: 

- Hydrogen Plant (Steam-Hydrocarbon Reforming) 

-	 hydrogen	 Purification	 Unit (Pressure	 Swing 
Adsorption) 

-	 Low Pressure Amine Unit 

-	 Sour	 Water	 Stripper	 and Ammonia	 Plant 
(Chevron WWT Process) 

-	 Sulfur	 Recovery	 Unit	 (Claus unit	 followed by 
BSRJMDEA tail gas unit) 

-	 Flue	 Gas	 Desulfurizatlon Unit	 (Wellman-
Lord/Davy Powergas Process) 

The processing objective was the exclusive production 
of wide-cut gasoline, or JP-4 type aviation turbine 
fuel. However, the refinery was configured to allow 
the production of kerosene, or JP-8 type turbine 
fuel with a minimum of equipment or operational 
changes. 

Crude Unit 

The	 refining process	 begins	 with	 50,000	 barrels per 
day of	 crude oil	 being charged	 to	 the	 Crude	 Unit, 
where	 straight-run	 distillate	 boiling	 below	 650 0	 F Is 
separated from the	 >650 0	 F	 vacuum	 reduced	 crude, 
which	 is	 to be	 upgraded	 at	 the	 Hydrovisbreaker. 
The	 incoming crude	 oil	 is	 first	 diluted	 with 
16,000	 barrels per day	 recycled straight-run naphtha 
to	 reduce	 the crude	 viscosity	 to	 nearly	 two	 cen-
tipoise	 which is	 optimal	 for	 the	 subsequent	 two-
stage desalting operation.	 In the	 desalters,	 inorganic 
contaminants (sediment	 and	 water-soluble)	 are 
removed from the crude.

The vacuum reduced crude boiling above 6500 F, 
representing 79 volume percent of the whole crude, 
becomes the liquid feed for the Rydrovlsbreaker. 

Hydrovisbreaker 

The hydrovisbreaker feed rate Is 39,366 barrels per 
day. Approximately 60 volume percent of this boils 
above 9750 F. Because this material cannot be con-
verted directly to high quality turbine fuels by con-
ventional hydrotreating and hydrocracking alone, it is 
first upgraded to lighter products in the 
hydrovisbreaker. In the hydrovisbreaker reactors, the 
residuum is thermally cracked at 850 0 F and 
2,500 psig in the presence of hydrogen and a 
molybdenum-based coke-suppressing additive. 	 Molyb-



denum concentration is 367 ppm (weight) of reactor 
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FIGURE 1 

HEAVY OIL REFINERY PROCESS FLOW SCHEME 
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liquid teed. About 70 percent of the >9750 F frac-
tion Is converted to lower boiling products. 

The hydrovlsbreaker reactor effluent Is separated 
into recycle gas naphtha, middle and heavy distil-
lates, and a vacuum residuum by a series of phase 
separators and atmospheric and vacuum fractionation 
towers.

Cost Summary 

Refinery product yields are shown in Table 1. 

A summary of the estimated capital cost is given in 
Table 2, and operating requirements are summarized 
in Table 3. 
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TABLE 1 

REFINERY PIflWF YIELDS 
Basis: JP-4 Turbine Fuel Production 

Yol% Of Wt96 Of 
Crude Oil Crude OF 

Net Salable Products BPSD Charge Charge 

JP-4 Turbine Fuel 44,298 88.60 69.80 
Naphtha 3,290 6.58 4.26 
Residuum 681 1.36 1.50 
Amnnia (101.4 Tons/Day) -- -- 1.17 
Sulfur	 (172.8 Tons/Day) -- -- 2.01 
Sodium Sulfate -- -- 0.04

Net Unsold Product 

Carbon Dioxide (1.514 lti1SCFfl)	 --	 --	 24.55 

Totals	 103.33 

TABLE 2 

TURBINE FUEL REFINERY CAPITAL (DST SUMMARY 

On sites 

Crude Unit 
llydrovisbreaker Unit 
Naphtha Hydrotreater Unit 
Distillate Hydrotreater Unit 
Distillate Hydrocracker Unit 
Gas Plant 
Hydrogen Plant 
Hydrogen Purification Plant 
Low Pressure Amine Unit 
Sour Water Stripper and Ammonia Plant 
Sulfur Recovery Unit 
Flue Gas Desulfurization Unit 

Total Onsites 

Offsites 

Tankage 
Other: Specified By U.S. Air Force 

As 45% Of Onsite Costs 

Spare Parts 

Round Up To Nearest Million Dollars 

Total Refinery Installed Cost

Installed Cost 

$ 19,968,000 
168,119,000 
24,154,000 

140,183,000 
94,724,000 

9,380,000 
99,075,000 
60,915,000 
3,079,000 

33,091,000 
37,119,000 
54, 328, 000 

$744,135,000 

$ 45,061,000

334,861,000

1,498,000

445,000 

$1,126,000,000 
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TABLE 3 

REFINERY OPERATING RflhIRflfFS 

Feedstocks 

Crude Oil 50,000 Barrels Per Operating Day At $20 Per Barrel, 
$328,500,000 Per Year For 90% On-Stream Operations 

Natural Gas 38.8 frTt4BTU/Hour At $20 Per FOE Barrel 	 (6MB11J), 
$1,019,664 Per Year For 90% On-Stream Operations 

Utilities 

Cooling Water 98,357 Gal/Min At $0.07/1000 Gal 
$3,256,876 Per Year For 90% On-Stream Operations 

Boiler Feed Water 880,000 Lb/Hr Circulation At $0.40/1000 Lb 
$2,775,000 Per Year For 9096 On-Stream Operations 

Electrical Power 53,284 KW At $0.05/kWh 
$21,008,495 Per Year For 90% On-Stream Operations 

Labor And Related Expenses 

Labor	 16 Operator Positions Per Shift: 	 $2,470,000 Per Year 
8 Helper Positions Each Shift: 	 1,080,000 Per Year 

Total Labor: 3,550,000 Per Year 

Supervision At 25% Of Labor:	 890,000 Per Year 

Overhead At 100% Of Labor:	 3,550,000 Per Year 

Total: $7,990,000 Per Year

ASHLAND REPORTS ECONOMICS OF JET FUEL 
FROM HEAVY OIL AND TAR SANDS 

In July, 1983, the Research and Development Depart-
ment of Ashland Petroleum Company began work un-
der a United States Air Force Contract titled 
"Turbine Fuels From Tar Sands Bitumen and Heavy 
Oils." The program was completed in July, 1986, 
meeting the program objectives for determining the 
cost, yield, chemical properties, and physical charac-
teristics of variable quality aviation turbine fuels 
produced from tar sand bitumen and heavy oil crudes. 
Pilot plant scale samples of specification grade fuels 
were produced. 

The Air Force is concerned about the overall declin-
ing quality of petroleum for aviation turbine fuels. 
Since these fuels are required to meet stringent cor-
rosion, thermal stability, and purity specifications, 
very little in the way of contaminants or heteroatoms 
can be tolerated. While turbine fuels were originally 
prepared from high quality virgin stocks by simple 
distillation, many commercial and military fuels now 
require hydrotreatment to meet specifications. The 
Ashland work considered the problems that would be

faced in the future if refiners were to make turbine 
fuels from tar sand bitumen and heavy oils. 

Partial reports on the work carried out have been 
Issued at various times (see Pace Synthetic Fuels 
Report, June 1987, page 3-19). Ashland has now pub-
lished a final contract report on the Phase II effort, 
which was completed in 1985. The report number is 
A F W AL-T R-84-2070. 

The overall objectives of the program were to deter-
mine the cost, yield, chemical properties, and physical 
characteristics of variable quality aviation turbine 
fuels produced from tar sand bitumen and heavy oil 
crudes. Ashland's program was designed to meet 
these obJecti''es by adapting Ashland's RCC Process 
technology and other process technologies as necessary 
to produce optimum product slates. 

The program had six major goals: 

- Optimize the processing scheme 

- Produce sample quantities of JP-4 and JP-8 
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- Achieve at least 70 percent energy efficiency 

- Limit net coke and residual products to less 
than 10 percent 

- Develop an economic model of the process 

- Determine the economic effect of varying fuel 
quality 

These goals were addressed in three major phases of 
activities: 

Phase I. - Preliminary Process Analysis 

Phase 11. - Laboratory Sample Production 

Phase Ill. - Pilot Plant Testing, Final Design and 
Analysis 

Phase I efforts were performed from July 1983 
through March 1984. The Phase I study defined a 
significant potential heavy oil and tar sands resource, 
delineated a combination process with unique advan-
tages in processing these materials, and projected 
preliminary economics for processing four potential 
feedstocks.	 These materials, valued at $25/barrel,
were not economic in 1983 markets. 

The newly issued report summarizes the Phase II 
work. The key elements in this study were 

- Characterization of four heavy oil and tar 
sand feedstocks 

- Laboratory measurement of process responses 

- Laboratory sample production 

- Updating the earlier economic estimates 

Sample Preparation 

Conclusions from the sample preparation effort 
included: 

- JP-4 and JP-8 fuel samples were successfully 
produced in specified quantities for each of 
the four feed source oils. 

- The Westken and San Ardo fuel samples are 
highly naphthenic and represent modest in-
creases in fuel density. 

- Ileteroato1n levels in the finished fuels are 
extremely low. 

- Hydrogen content is at or above specification 
levels for each of the fuel samples produced. 

- Essentially all physical and chemical property 
specifications of major significance were met, 
with the exception of the Sunnyside JP-8 
freeze point.

Ecoiaorales Update 

Preliminary economics were developed during Phase I 
based on LP modeling of projected feedstock response 
to the processing scheme selected. Phase It 
economics efforts consisted of a simple update of the 
Phase I model based on Phase 11 laboratory data. 

The Phase II update was based on the same economic 
parameters used for Phase I analysis; details of these 
parameters are available in the Phase I report. In 
general, capital costs were estimated by module costs 
from open literature sources. Offsites were costed at 
45 percent of onsite facilities. A time base of 1983 
(CE Index = 319) was used. Plant sizes were fixed by 
a flow of 50,000 barrels per calendar day to the 
demetallization section,	 Including diluent where 
required. A discounted cash flow rate of return of 
15 percent for a 100 percent equity funded plant was 
used. 

Operating costs and feedstock values were estimated 
to be comparable to mid-1983 levels. All prime plant 
products (gasoline, distillate, and turbine fuels) were 
valued equally, with their actual cost calculated based 
on a $25 per barrel feedstock expense. Alternatively, 
a feedstock value was calculated based on an average 
prime product value of 84 cents per galton. 

Hondo Crude 

Few changes were required for the Hondo modal, with 
actual Phase II laboratory data used to replace pre-
dicted data elements. In general, the [lend,) process-
ing response was similar to that originally predicted. 
As expected, sulfur specifications were often the driv-
ing force for process flow selections. 

The major difference between Phase I and Phase It 
results were the high native naphtha content of the 
Hondo stock. Limited literature data led to the as-
sumption in Phase I of zero naphtha content; the ac-
tual measured 17 percent naphtha yield changes the 
processing slightly while making the 430+°F feedstock 
significantly more refractory than expected. 

Overall results for the Hondo oil are summarized In 
Table 1. Downstream process modules are smaller In 
Phase II, due to the actual naphtha content, resulting 
in a slightly lower capital cost. However, the more 
refractory bottoms also results in slightly lower total 
plant yields, particularly of distillate and LPG. These 
Impacts result In a net cost increase of about $1 per 
barrel for the Hondo products, primarily due to 
decreased byproduct revenues (LPG) and increased 
utility costs, primarily sorbent and catalyst required 
by the three-fold increase In metals content over that 
originally expected. In general, however, tile earlier 
predicted values are reasonably verified by the 
Phase II data. 

These same flows and costs were utilized to calculate 
a net feedstock value. Sales of gasoline and distillate 
were set at 84 cents per gallon, and the value of the 
Hondo oil calculated assuming no other changes. On 
this basis, the Hondo was valued at about $20 per 
barrel. 
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TABLE 1 

ASHLAND EanlC RESULTS 

Westken Hondo 
Phase ! Phase	 II Phase !	 Phase II 

Investment Data, M1$ 

Fixed Capital 360 436 509 491 
Working Capital 25 19 40 36 

Material	 Flows,	 BPD 

Inputs: 
Biturn,n 29,909 25,000 49,948 50,000 
Isobutano 4,634 2,094 7,010 4,240 
Normal Butane 2,144 998 3,152 2,316 

Products: 
LPG 1,240 191 1,872 384 
Gasoline 25,979 19,038 37,364 37,650 
JP-4 2,524 2,213 5,248 4,949 
Diesel	 Fuel 3,461 3,10t 10,323 7,335 
Residual	 Fuel 630 -- -- --

Product Cost $/BBL 
at 15% DCF: 

Startup 0.20 0.28 0.17 0.17 
Working Capital 0.34 0.27 0.32 0.24 
Byproducts (1.46) (0.37) (1.23) (0.66) 
Fixed Costs 2.04 2.83 1.62 1.71 
Income Taxes 3.22 5.15 2.74 2.79 
Utilities 3.31 4.82 3.13 3.73 
Capital 5.62 8.89 4.72 4.88 
Raw Materials 29.90 29.63 29.43 29.01

PrimeProduct Cost, 
$/BIJL	 43.20	 51.50	 40.90	 41.90 

Feedstock Value, at 
$0.84/Gallon Prime 
Product Value, $/BBL	 19.10	 11.60	 --	 19.80 

Westken Tar Sand Crude 

The l'Jestl(en oil is easily the most refractory of the 
feedstocks. Since dilution of the Westken was 
required for processing, a petroleum light cycle oil 
(ICO) was used. This diluent introduces a significant 
confounding factor In evaluating modules downstream 
of the de metallization step. 

Major differences in the Phase II process responses 
compared to the Phase I analysis are: 

- Lower bitumen throughput at constant plant 
size, since operation at 30-40 percent dilution 
was not demonstrated; 50 percent dilution was 
required. 

- Lower gasoline yield, probably due to the

carry-through of refractory (non-liydrot rented) 
LCO to the RCC unit; while hydrotreated 
diluent is used in the overall model, the (CC 
model data are based on raw stocks. 

- Increased capital cost, due to higher dituent 
handling requirements and In particular a very 
large increase in distillate hydrotreater costs 
due to high use of hydrotreated diluent. 

In general, Ashland states that the Phase II analysis 
probably over-penalizes the Westken material. In ad-
dition, economics of scale penalize the Westken crude. 
Increasing the plant size to 50,000 barrels per day of 
raw feed to each plant would be a more valid com-
parison of individual feedstocks. 
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As shown In Table 1 the Westken product costs 
derived from Phase I were $43.20 per barrel and from 
Phase I! were $51.50 per barrel. The value calculated 
for the Westken feedstock was $19.10 per barrel in 
Phase I and $11.60 per barrel in In Phase II. Ashland 
suggests that actual results in a high conversion fuels 
refinery would be somewhere between these numbers.

Sunnyside Crude 

Sunnyside was not evaluated due to high levels of tin-
certainty in the data caused by poor sample integrity. 
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TECHNOLOGY 

BITUMEN/WATER EMULSIONS SUCCEED IN results in	 greater	 stability	 during long-distance 
PIPELINE TEST pipeline transportation, since there are no very large 

droplets which	 could settle	 out.	 As there are also 
The	 Transoil	 Group,	 consisting	 of	 HP	 Canada	 Inc., no very small droplets,	 this	 technology allows	 easier 
AEC	 Pipelines (a Division of Alberta Energy Company separation	 of	 the	 oil	 from	 the	 water by	 the	 cus-
Ltd.), and HP Canadian Holdings Limited, has success- tomer. 
fully	 concluded	 the	 first	 round	 of	 trials	 to 
demonstrate	 the	 feasibility	 of	 pipelining	 bitumen-in-

0 0 0 0 water emulsions.

At present, viscous heavy oil is generally shipped by 
pipeline by mixing it with natural gas condensate to 
make it flow. There already are industry concerns 
that by the early 1990's the supply of condensate 
will not be sufficient to move the growing volumes 
of heavy oil expected to be produced from Alberta's 
oil sands. 

TRANSOIL emulsions were produced at the HP 
Canada-operated Wolf Lake project and moved 
through AEC's pipeline to its oil terminal at La 
Corey, near Bonnyville. 

Notable achievements of the 1987 testing program 
Included: 

- Continuous production for more than six days 
of 575 barrels per day of an emulsion con-
taining 65 percent bitumen/35 percent water 

- Transporting 5,900 barrels of bitumen emul-
sion by pipeline over a distance of 
27 kilometers without any change in the 
emulsion 

- Successful restarting of the pipeline after 
the bitumen emulsion had been shut in the 
line for over 56 hours 

- Transporting a 1,000-barrel batch of bitumen 
emulsion along the pipeline between two 
batches of sales-specification bitumen blend 

- Storing of 6,700 barrels of bitumen emulsion 
in tanks without encountering any problems 
of emulsion stability or stratification 

Based on these positive results, further trials are 
scheduled for the first quarter of 1988 to test the 
performance of bitumen emulsion under cold weather 
conditions. At the end of the trials, it is intended 
to hold a public demonstration of the technology. 

TRANSOIL technology was discovered in 1983 by 
scientists working at the HP Research Centre in the 
United Kingdom as part of a collaborative research 
and development program with INTEVEP of Venezuela. 
The TRANSOIL process uses controlled mixing of 
bitumen with low concentrations of a commercially 
available surfactant to produce oil-in-water emul-
sions. These emulsions contain oil droplets with a 
narrow and well-defined size range. This technique

IMPROVED HORIZONTAL RADIAL DRILLING SYSTEM 
DEVELOPED 

A system of hydraulically drilling multiple horizontal 
radials from a single well bore was developed by 
Bechtel (see Pace Synthetic Fuels Report, September 
1985, page 3-26, and December 1986, page 325). 
The technology is now being commercialized by 
Petroiphysics, Inc. A description of current refine-
ments to the system was given at the Drilling And 
Production Technology Symposium sponsored by the 
American Society of Mechanical Engineers in New 
Orleans in January. 

The Petrolphysics Radial Production System (PUPS) is 
capable of accurately drilling and completing multiple 
horizontal radials (drain holes) on several levels 
without tripping the working string and whipstock. 
An expendable non-rotating Conical Water Jet 
drlllhead is welded at the end of a 1.25-inch ERW 
radial tube.	 Using water tilling fluid, it simul-
taneously drills and cases the drain hole. A 
1,600 horse power frac pump supplies 8,000 to 
10,000 psi water at 150 to 200 gallons per minute 
to hydraulically bore a drain hole in the formation. 
The bore hole diameter is approximately four inches 
In consolidated formations and can be varied be-
tween four inches and 24 inches in unconsolidated 
formations. The drilihead assembly moves forward as 
it bores the drain hole, propelled by hydraulic forces 
resulting from the internal fluid pressure and pulling 
the tubing string with It. A specially developed 
wireline surveying tool is able to negotiate the nine 
Inch radius turn in the whipstock and provides an 
Immediate printout for three dimensional location of 
the radial tube trajectory. 

For completion, the ERW radial tube is perforated 
and detached from the drillhead in situ by an 
electrochemical machining (ECM) process that utilizes 
DC electrical current and a potassium chloride 
electrolyte. Gravel packing of the four inch to 
24 inch opening surrounding the 1.25 inch ERW radial 
tube is accomplished In two oppositely directed lifts. 
The first lift (90+ percent fill) is placed after the 
drillhead has been detached; but before the radial 
tube is perforated. A water based, low concentra-
tion of 0.5 to four pounds per gallon, gravel slurry 
is pumped through the radial and out into the 
horizontal bore hole annulus, where packing proceeds 
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back toward the vertical well bore. After this first 
gravel lift is in place, the 1.25 inch ERW radial 
tube is perforated and a nose end filter is installed. 
At this point an optional flexible slotted metal liner 
may be inserted to back up the perforations. Sub-
sequently a tall end filter is placed, the ERW radial 
tube is cut off at the whipstock which is then de-
erected and moved to a new azimuth to initiate the 
next drain hole. 

When all the radials at a particular level have been 
placed,	 the	 second	 lift	 of	 gravel	 packing 
(100 percent fill) is completed. 	 A vertical slotted
Liner is then installed in the underreamed cavity of 
the vertical bore hole. The remaining portions of 
the horizontal bore holes surrounding all of the 
radial tubes are then simultaneously 100 percent 
gravel packed, and partially consolidated, by gravel 
slurry flow in the opposite direction (i.e. from the 
vertical well bore radially outward along all the 
horizontal drain holes). 

Drilling System 

The present Mark Ill whipstock configuration is the 
result of development initiated to reduce the 
diameter and cost of vertical underreaming and to 
eliminate the need to trip the whipstock before 
drilling each radial. Whereas the previous whipstock 
(Mark I) provided a simple 90 degree bend, shown In 
Figure 1, a doubly curved inverted question mark 
shape, shown in Figure 2, is employed by the Mark 
Ill. Roth provide an ultra short radius turn. The 
Mark Ill can be used In seven inch and larger 
casings. 

Where the Mark I had a hydraulic cylinder for erec-
tion, the Mark HI is actuated by lifting pins at-
tached to the side plates. The side plates are in 
turn attached to the 2.5 inch or larger high pres-
sure tubing string which runs to the surface. Be-
cause the Mark Ill whipstock is held in place by 
anchor jaws, it erects into operational position when 
the lifting arms are pulled up by the rig at the 
surface. 

Inside the whipstock is a small erectable rolling mill 
or pressurized pipe bending machine. A series of 
slides and rollers cause progressive deflection and 
bending of the 1.25 inch ERW radial tube which 
enable it to move from the initial vertical position, 
around the 90 degree nine inch bend of the 
vupstoek,	 through the straightener and then 
horizontally out into the formation.	 During the
drilling process the ERW radial tube moves very 
rapidly. This is possible because of the state of 
stress in the tube as it passes through the 
whipstock. The tube is subjected to a high internal 
fluid pressure of 8,000 to 10,000 psi, which produces 
the hydraulic forces that propel it. The small in-
cremental bending stresses applied to the tube as it 
moves into the whipstock causes plastic deformation 
and allows It to pass through with relatively low 
force. 

The Mark Ill whipstock has several advantages over 
the previous Mark I.	 Because of the forward and

FIGURE 1 
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backward extension of its inverted question mark 
shape, the Mark Ill reduces the required underrenmed 
diameter (Figure 2) from 48 inches to 22 inches. 
The mechanical erection of the Mark Ill is stronger 
and makes possible direct visual confirmation of 
erection at the surface. The tool can be de-
erected downhole without losing calibration and thus 
It can drill multiple radials at various azimuths 
without tripping to the surface. 

Hydraulic Drilling 

Drilling of the four inch to 24 inch diameter 
horizontal bore hole required for placement of the 
radial tube is accomplished with a single nozzle 
continuous water jet drillhead (Conical Jet). 	 Sec 
Figure 3. The jet penetrates the formation as the 
drillhead advances and slurrifles the cuttings back 
toward the vertical well bore through the horizontal 
bore hole annulus created. The Conical Jet drill 
head with a 0.25 inch central nozzle is used with 
water at a high pressure (8,000 to 10,000 psi). The 
advantage of the Conical Jet is that it can cut a 
bore hole many times the diameter of its nozzle 
orifice. By employing an Internal turning vane, 
upstream of the nozzle, shown in Figure 4, the cut-
ting fluid is caused to rotate as it is accelerating 
through the nozzle.	 On exiting the nozzle orifice
of the drilihead a hollow expanding cone shaped 
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FIGURE 2 
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shell of water is formed which concentrates the 
cutting power at the periphery of the bore hole. 

Completion Technologies 

The completion of a radial requires several different 
operations to be performed at specific points of the

	

process.	 Figure 4 illustrates the end result of the 
following steps: 

- Electrolytic cutoff (ECM) of the drillhead 
from the radial tube. 

- First lift of gravel packing (90+ percent fill) 
of the horizontal drain hole. 

- Perforation (ECM) of the radial tube. 

- Placement of the nose end fitter at the 
drillhead end of the radial tube. 

- Placement of the flexible slotted liner in the 
radial tube, if required. 

- Placement of the tail end filter at the ver-
tical well bore end of the radial tube. 

- Electrolytic cutoff (ECM) of the radial tube 
at the whipstock exit. 

- Removal of the stub end of the radial tithe 
and dc-erection of the whipstock. 

- Repositioning and erection of the whipstock 
At the next azimuth. 

- Drill, survey and repeat steps one to seven 
for additional radials. 

- Remove whipstock and working string. 

- Placement of the vertical slotted liner in the 
underreamed cavity. 

- Gravel packing of the vertical underreaned 
cavity and simultaneous second lift or com-
pleted gravel packing (100 percent) of the 
horizontal drain holes. 

FIGURE 4 
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New Technology 

The Petroiphysies Radial Production System, to date, 
has been based on a water jet drilihead that 
provides a 1.25-inch production conduit. The next 
generation system will have a real time remotely 
piloted water jet drill head and provide a 4.5-inch 
tube for very long distances on any desired trajec-
tory. 

ACOUSTIC EMISSIONS TESTED FOR MONITORING STEAM 
FRONT IN TAR SANDS 

In order to control thermal stimulation processes in 
the underground environment, methods are needed to 
monitor the location of the temperature front 
without reliance on expensive multiple boreholes. 
Subsurface remote sensing of the thermal production 
front is highly desirable. 

Acoustic emissions (also called microseismic or pas-
sive seismic monitoring) are acoustic waves which 
are generated by rock grain or crystal readjustments 
to applied stresses. They (acoustic emissions or AE) 
are generated by any mechanical strain and disrup-
tion of the rock involved, including tensile fracture 
and shearing. The AE propagates through the geol-
ogy in the same manner as any other acoustic wave 
and is detectable and interpretable just as is any 
other acoustic or seismic wave. Thermal expansion 
and fluid injection pressure will generate AK because 
they are perturbations of the natural stresses in 
which tile rock (tar sand) exist in the formation. 
The AK will be most intense in repetition rate and 
individual energy contents where the imposed stress 
gradients are greatest. Therefore, AE is a concep- 
tually feasible means of remotely locating the 
enhanced production fronts in tar sands. 

A joint United States/Canadian research effort 	 has 
been under way in this field. Laboratory work 
carried out in the United States was summarized by 
J. 3. Warriner of the United States Army Engineers 
Waterways Experiment Station at the 1987 Eastern 
Oil Shale Symposium held in Lexington, Kentucky in 
November. 

The objectives of this effort are to establish back-
ground data about the acoustic properties of heated 
tar sand, to develop a fieldable set of signal ac-
quisition equipment and deployment strategy, and to 
coordinate with ongoing research into AK applications 
to tar sand enhanced oil recovery in Canada. 

Asphalt Ridge NW (Utah) tar sand cores were tested 
in the laboratory and found to exhibit wave velocity 
decreases of up to 77 percent and attenuation in-
creases of up to eight decibels on heating to 
200 0 C while "clean" sandstone properties did not 
change. The tar sand material does not behave as 
a typical mechanically elastic material. It becomes 
more brittle upon heating and loss of bitumen, but

retains its peak compressive and tensile strengths. 
A data acquisition system	 comprising geophone 
transducers,	 amplifiers,	 filters,	 and computer 
recorder-analyzer was assembled capable of 
manipulating 14 channels of digitized data, expan-
dable to 48 channels. 

The field computer is a UNIX-based 48 channel unit 
with a total acquisition rate of 10,400 digital 
samples per second possible for the full set of in-
puts. An array processor operating on a several-
second buffer allows the software to examine the 
incoming data. It searches for event signals cor-
relatable on the minimum of five channels required 
for source location in three dimensions. Only if the 
correlation is obtained do the main memory and the 
location software operate on the incoming signals. 

Tested Tar Sand Samples 

Core samples were obtained by the Corps of En-
gineers from a quarry in the Mesaverde Group of 
formations near Vernal, Utah. The general site area 
is also known as "Asphalt Ridge Northwest" and has 
been the locality of other tar sand production ex-
periments. The samples are classifiable as fresh and 
unweathered but near-surface since the three borings 
were no more than 50 feet deep from the active 
quarry shelf. Both fresh outcrops and core samples 
showed alternating competent sandstone and softer 
shale, both impregnated heavily with bitumen. 

Acoustic signals transmitted through the specimens 
had a resonant frequency peak of 200 kilohertz. At 
that single frequency the input signal amplitude was 
attenuated by nearly 8 decibels per centimeter along 
specimens four centimeters long. 

Heated Tar Sand Tests 

A controlled temperature oven was used in conjunc-
tion with an AK event monitoring unit and a sonic 
velocity measurement unit to observe elevated tem-
perature effects on the specimens from Asphalt 
Ridge NW, 

"Pure" tar sand consisting of 18 specimens showing 
no signs of shale or lion-bituminous sandstone inclu-
sions demonstrated a decrease in compressive 
velocity to 35 percent that at room temperature 
when heated to 100° C (Figure 1).	 Further heating
to 200 0 C lowered the velocity to 23 percent of 
that at ambient,	 By comparison, in the specimens
showing heterogeneous inclusions of shale and/or 
sandstone	 the respective	 velocity	 ratios	 were
54 percent at 100 0 C and 32 percent at 200 0 C. A 
single specimen of non-bituminous sandstone exhibited 
virtually no velocity decrease on heating to 200° C. 
A single specimen entirely of shale decreased its 
velocity to 70 percent of original on heating to 
2000 C. 

The AK counts during heating of the "pure" tar sand 
yielded a linear increase with increased temperature 
(Figure 2). The heterogeneous specimens generated 
accelerating increases of AK between tOO and 
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Conclusions 

FIGURE 1 
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150 0 C and then AC remained at a constant rate to 
200 0 C. Heating of the shale and sandstone 
specimens generated very little AC up to 1000 C, 
virtually all AC activity between 100 and 1500 C, 
and then almost no AC was generated up to 200 0 C. 

Tar sand specimens were observed to begin bleeding 
bitumen at about 90° C. Between 125 and 135 0 C 
the bitumen actively boiled out of the specimens and 
above 145 0 C vapor was observed to be generated.

The researchers conclude that both the changes In 
acoustic velocities and signal attenuation of con-
solidated tar sand heated to 200 0 C directly enhance 
steam Front monitoring by transmitted seismic wave 
surveys such as reflection or tomography. A rough 
gauge of tar content may potentially he available 
from transmitted seismic wave surveys of heated tar 
sand. The two effects of heat on tar sand, velocity 
decrease and attenuation increase, may indirectly as-
sist AC monitoring of heated zones by creating a 
dead' or "silent" zone after maximum in situ tem-

peratures are achieved. 

Observed Increase in AC activity upon heating of tar 
sand validates the original premise of AE monitoring 
of in situ steam enhanced oil recovery. In fact, 
some Indication of tar expulsions greater than sit 
percent in localized zones may be obtained because 
of greater AC activity In those zones. 

Although AC monitoring of hydrofractaring and steam 
Injection has been performed by the University of 
Alberta at Gregoire Lake (Athabasca tar sand), no 
United States site for such tests is available as yet. 

AMOCO CONSIDERS SOLVENT EXTRACTION PROCESS 
FOR SUNNYSIDE TAR SANDS 

Amoco Oil Company has been investigating processes 
to recover bitumen fro a a Utah tar sand deposit. 
The Sunnyside deposit, in east central Utah, has one 
to two billion barrels of geological reserves with a 
richness of six to 10 weight percent bitti-nen. 

As reported to the 1987 Eastern Oil Shale Syr.,-
posium, Amoco has studied water flotation, pyrolysis 
and solvent extraction processes, but most attention 
has been placed on solvent extraction. One of the 
conceptual solvent extraction designs that Amoco has 
Investigated with bench scale, test stand, and vendor 
test data utilizes hydrocyclones. 

The .Sunnyside bitumen is n low-gravity, low-sulfur 
and low-nitrogen tar-like hydrocarbon (Table 1). 
Only 25 weight percent has a boiling point of less 
than 1,000 0 F. 

The mineral is composed of fine to very fine grained 
sandstone averaging about 50 weight percent quartz, 
44 weight percent feldspar and six weight percent 
other. The small size of the mineral particles and 
the high viscosity of the tar-like bitumen make 
separation of the mineral from the bitumen difficult. 
A size distribution plot (Figure 1) shows just how 
small the Sunnyside mineral particles are. About 
50 weight percent of the particles are smaller than 
beach sand; 10 weight percent are smaller than 
human blood cells, and one weight percent are ac-
tually as small as particles In cigarette smoke. 
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TABLE 1 The Solvent Extraction Process 

PPERFIE5 OF SIJNNYSIDE 917JMfl4 Figure 2 shows a simplified block diagram of a con-
ceptual	 solvent	 extraction	 process	 which	 utilizes 
hydrocyclones	 as	 the	 primary	 means	 of	 separation. 

API Gravity 7.5-10.0 In the	 extraction block, crushed bitumen is 	 dissolved 
Carbon Wt% 83.3-85.8 in	 heptane	 solvent,	 the	 coarse	 sand	 is	 separated 
Hydrogen Wt% 10.3-11.1 from	 the	 solvent	 and	 bitunen	 by	 hydrocyclones, 
Nitrogen Wt% 0.70-0.79 centrifuges,	 and	 belt	 filters.	 The	 fine	 mineral	 is 
Sulfur Wt% 0.36-0.46 removed	 by	 pentane	 deasphaltening	 in	 the	 fines 
Oxygen Wt9$ 0.64-2.49 removal block.	 Solvent is recovered from the coarse 
Fe Wt96 0.08-0.28 tailings	 by	 drying.	 After	 the	 solvent	 has	 been 
V Pn 10-53 recovered	 from	 the	 bitumen	 in	 multi-effect 
Ni Ppn 45 evaporators,	 the	 bitumen is	 topped	 in	 a	 crude	 unit. 
Cr Ppn 6 One	 option	 for	 upgrading	 is	 to	 coke	 the	 1,050 0 	 F+ 
As Pçni 2 fraction and hydrotreat 	 the	 coker products	 and vir-
Rojmbottom Carbon Wt% 12.3-18.5 gin	 distillate	 and	 gas	 oil.	 Coke	 from	 the	 fluid 
ORA Recovery eoker	 and	 asphaltene	 sludge	 from	 the	 fine	 tailings 

Oils Wt% 25-30 dryer are	 burned	 in	 a	 circulating	 fluid	 bed	 comnbus-
Resins Wt% 52-58 tor	 (CFHC).	 High	 pressure	 steam	 from	 the	 OFUC 
Asphnitenes Wt96 12-23 provides electric power and medium and low pressure 

Distillation Cuts process steam. 
IBP Beg F 560 
1 Wt% Deg F 575 The	 extraction section	 (Figure	 3) is	 the heart	 of the 
5 Wt% Deg F 670 process.	 Ore	 from	 the	 crushers	 Is	 fed	 to	 the	 dis-
to Wt% Deg F 760 solution	 tank	 through two stages	 of rotary air locks 
20 Wt% Deg F 900 to prevent air from entering the	 tanks.	 In	 addition, 

1000 Beg F	 Wt% 75 CO2	 is	 used	 to	 purge	 the	 feed	 and	 blanket	 the 
tanks.

The bitumen Is dissolved and the slurry is diluted to 
50 weight percent solids with recycle solvent in a 
dissolution tank followed by the hydrocyclone feed 
tank. 
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The slurry from the hydrocyclone feed tank 1 
pumped to extraction cascades consisting of eight 
stages of 10-inch hydrocyclones for removal of the 
coarse mineral and seven stages of one-inch 
hydrocyclones for removal of the middlings. The 
10-Inch hydrocyclones remove 74 percent of the 
mineral and the one-Inch Imydrocyclones ramuve 
24 percent of the mineral leaving only two percent 
of the original mineral in the extract. 

The coarse mineral underflow from the first stage 
10-inch hydrucyclone is counter-currently washed in 
seven stages of 10-inch hydrocyclones. The 
70 weight percent solids in the underfiow from the 
eighth stage is filtered on n belt filter to recover 
solvent from the coarse tailings and to produce a 
cake with only seven weight percent solvent. The 
ten hydrocyclones and fitters recover all but 
0.6 weight percent of the soluble bitumen. An ad-
ditional 3.5 weight percent of the bitumen Is in-
soluble and is left on the coarse tailings. 

The coarse extract from tile first stage of 10-inch 
hydrocyclone is pumped to a cascade of seven stages 
of one-inch hydrocyclones to separate the bitumen-
solvent from the middlings and to counter-currently 
wash bitumen from the middlings. 

The 60 weight percent solids underflow from the 
seventh stage one-inch hydrocyclone flows to 
decanter centrifuge to recover more solvent and to 
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FIGURE 2 

AMOCO'S SOLVENT EXTRACTION PROCESS 
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produce a cake containing 12 weight perceilt solvent. 
Only 0.3 weight percent of the soluble bitumen is 
lost in the decanter centrifuge cake, but 1.1 weight 
percent of the bitumen is insoluble and Is lost with 
the centrifuge cake. 

Equipment sizes and fiowrates for the process design 
were estimated from data from bench scale, test 
stand, and vendor tests. Because hydrocyclones play 
such a key role in the process, the emphasis was on 
obtaining data to design the hydrocyclone cascades. 

The hydrocyclones were modeled using the ASPEN 
process simulation model. The original hydrocyclone 
equation in the ASPEN model proved to be inade-
quate for the Sunnyside ore-hydrocarbon solvent sys-
tem; therefore, it was necessary to build a test 
stand to evaluate hydrocyclone performance and 
develop equations for the ASPEN model. Tests were 
made on Krebs one-inch (Model PC-1 Alumina) and 
four-inch (Model OAB-12 0 -834 with Hycar Liner) 
hydrocyclones with Sunnyside tar sands In hexane 
solvent. 

Fines Removal 

The middlings extract from the one-inch hydrocyclone 
cascade contain 18 weight percent bitumen and eight 
percent very fine mineral that must be removed 
before the bitumen can be upgraded. Removal of 
the fine sand from the bitumen solvent is a difficult 
problem, but one solution is to remove the fine sand 
by pentane deasphnitening. 

When pentane is added to the slurry, asphaitenes 
come out of solution and agglomerate the fine 
mineral to form a heavy sludge. Approximately one 
pound of pentane Is required for each pound of hep-
tnne in the bitumen-heptane slurry. After the pen-
Lane is mixed wit!, the slurry in an in-line mixer, 
the fine mineral-asphaltene sludge Is settled out in 
gravity settlers. The settler overflow contains only 
tour weight percent mineral in the bitumen on a 
solvent free basis. 

The sludge from the settler can be concentrated 
further to 74 weight percent mineral with 
centrifuges. Only 1.7 weight percent of the bitumen 
that was in the ore is left in the sludge. 	 The
centrate is recycled to the hydrocyclone feed tank.

Upgrading 

In the upgrading block, a crude unit splits the 
bitumen into three cuts; virgin distillate, virgin gas 
oil, and virgin resid. One way to upgrade the vir-
gin resid is to coke it to produce light and heavy 
coker naphtha, light and heavy coker gas oil, and 
coke. Part of the coke is burned in a coke 
combustor-CO boiler to provide steam for the 
upgrading section. The excess coke along with the 
asphaltene sludge from the fine tailings dryer is 
burned In a circulating fluid bed combustor. 

Two hydrotreaters are used;	 a Catalytic Feed 
Hydrotreater Unit (CFHU) and a Distillate 
ilydrotreater Unit (DHTU). The CFUU hydrotreata the 
virgin gas oil from the crude unit - and the heavy 
coker gas oil.	 The DHTU treats virgin distillate 
from the crude unit, and the coker naphtha and 
light coker gas oil. A Vapor Recovery Unit, YRU, 
recovers C 3 and C4 s from coker gas. The fuel gas 
from the VRU and the fuel gas from the 
hydrotreaters go to a hydrogen plant where hydrogen 
for hydrotreating is manufactured. 11 2 5 and ammonia 
are removed from acid gas and water from a sour 
water stripper by Stretford gas treating unit with a 
Claus sulfur plant and amine regenerator. 

Bitumen Recovery and Product Yields 

Refined petroleum products (C 5 ' syncrude and LPG) 
account for 72.7 weight percent of the bitumen. 
Coke (is weight percent of the bitumen) is burned 
to produce steam and so is the sludge (1.6 weight 
percent of the bitumen) left on the fine tailings. 
Fuel gas, 3.6 weight percent, is burned or converted 
to hydrogen for upgrading. Only 5.4 weight percent 
of the bitumen Is lost with the coarse tailings. 
Chemical water, ammonia, and sulfur account for the 
other one percent. 

An overall material balance on the process shows 
that for each barrel of liquid product, 5,300 pounds 
of tar sand ore (eight weight percent bitumen) are 
required. Water, 200 gallons, is required for wetting 
down the tailings and to make up for losses in 
cooling towers, etc. Natural gas, 240 standard cubic 
feet, are required for fuel. Byproducts are 
1.3 pounds of ammonia, 1.0 pounds of sulfur, and 
5.2 kilowatts of electricity; 5,390 pounds of coarse 
tailings and 230 pounds of ash containing 13 weight 
percent water must be dumped. 
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following paper was presented at the American Institute of Chemical Engineers 1987 Annual Meeting, Novem-
ber 15-20, 1987 held in New York, New York: 

De Less, H., at al., "Kinetics of Catalytic Cracking of Heavy Crudes Using a Transient Reac-
tion Technique." 

The following presentations were made at the conference "Heavy Ott - Who Needs It and How Will They 
Get it?", held in Calgary, Alberta, December 8, 1987: 

Manning, T. J., "The Heavy Oil Supply Situation - World View With Impact on Canada." 

Wilson, R. C., "The Industry Ugly Duckling." 

Hiles, A., "Heavy Oil Supply in Canada - A Government Point of View." 

Kirkwood, G. W., "Changing Crude Oil Transportation Demands - flow Do We Meet the Chal-
lenges of the 90's?" 

Haesset, W., "Dhluént for Heavy Oil Transportation - Supply and Demand." 

llyndman, L D., "The Impact Free Trade Is Likely to have on the Petroleum Industry." 

Thy, F., "How will the U.S. (PADO Ii) Respond to Increased Supply of Canadian heavy Oil in 
the Mid 90's?" 

Vincent, R. S., "Future Crude State Changes and the Canadian Refiner - How Will Canadian 
Refiners Respond to increased Supply of Heavy Oil and Decreasing Supply of Light OH in the 
1990's?" 

lildirim, Dr. B., "Alternatives for Processing Canadian Heavy OH and Bitumen." - 

Mackid, J. C., "Impact of Tax Reform on Heavy Oil Viability." 

Grandin, M. A., "Funding of Heavy OH Projects - Where Will You Find the Money?" 

The following papers were presented at the Technical Economics, SynfueLs and Coal Energy Symposium, as 
part of the Eleventh Annual Energy-Sources Technology Conference and Exhibition held in New Orleans, 
Louisiana, January 10-13, 1988: 

Abdrabboh, M. A., at at., "Mass Transfer in Oil Sand Fluidized Beds -- A Simplified Model." 

Abdrabboh, M., at at,, "Heat Transfer in the Flow of Gases Around OH Sand Spheres." 

Karim, G. A., et at., "The Behaviour of Tar Sand Fragments in Steady Streams of the Products 
of Combustion of Lean CH 4 -Air or 112-Air." 

Best, D. A., at al., "An Overview of Canadian Ott Sands and Heavy OH Production Technology 
Development." 

Cormier, K. W., "insulated Downhoie Tubing at Shell Canada's Peace River Oil Sands Project." 

Gilby, D. W., at al., "Specially Designed Pumps for Heavy Oil Production." 

Slack, M. W., at at., "investigation of Premium Casing Connection for Canadian Thermal 
Recovery Wells." 

Dickinson, W., et al., "A Multiple Horizontal Radial Oil Production System." 
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The following articles appeared In Energy & Fuels, Volume 1, Number 6, November/December 1987: 

Fowler, M. C., et al., "Organic Geochemistry of Western Canada Basin Tar Sands and Heavy Oils. 
2. Correlation of Tar Sands Using Hydrous Pyrolysis of Asphaltenes." 

Jones, D. M., et at., "Hydrocarbon Distributions in Crude Oil Asphaltene Pyrolyzates. 	 1.	 Aliphatic 
Compounds." 

The following article appeared In Energy & Fuels, Volume 2, Number 1, January/February 1988: 

Yang, P. W., et al., "Characterization of Athabasca Tar Sand Maltenes by Diffuse Reflectance 
Infrared Spectrometry." 

The following article was published in The Journal of Canadian Petroleum Technology, October 1987: 

Mehrotra, A. K., et al., "Corresponding States Method for Calculating Bitumen Viscosity." 

The following articles appeared in the AOSTRA Journal of Research, Volume 3, Number 4, Fall, 1987: 

Woods,J. R., et al., "Use of a Density Meter for Analysis of Process Streams Obtained During 
Solvent Extraction." 

Schramm, L. L., et al., "Some Observations on the Aging Phenomenon in the Hot Water 
Processing of Athabasca Oil Sands. Part 1. The Nature of the Phenomenon." 

Schramm, L. 1,, et al., "Some Observations on the Aging Phenomenon in the Hot Water 
Processing of Athabasca Oil Sands. Part 7. The Mechanism of Aging." 

hall, H. S., et al., "Variables Which Control the Rates and Extents of Uydrodes,ilfurization of 
Cokes Derived From Athabasca Bitumen." 

Wallace, D., et al., "A Correlation for Correcting the Viscosity of Solvent-Extracted Bit', rien 
to a Solvent-Free Basis." 

Zhang, Zhong-liang, et al., "Calorimetric Method for Measuring Rates of Oxidation of Bit,.nen 
in a Porous Medium.' 

Oil. SANDS - PATENTS 

"Process of Organic Material Extraction from Bituminous Sands or Oil Bearing Sands," Nicolits Panaitescu, Anatol 
Stolen,	 Marioara Tullu - Inventors, 	 lnstitutul Be Cercetarl Si Poriectari Pentru Petrol, 	 United States 
Patent 4,702,487, October 27, 1987. This invention relates to an improved process for extraction of organic 
material from bituminous sands or oil bearing sand, including: diluent slurrying in a conditioning drum; screening 
the slurry and directing It Into one or two helical classifiers in counter-current with diluent, to obtain in the 
overflow the organic matter In solution with diluent; feeding the mineral matter, withdrawn from the classifiers, 
substantially free of bitumen or oil, but saturated with diluent, into a column where it settles towards the bot-
tom through diluent and then through an aqueous medium, under and in direct contact with the diluent. Process 
control agents are added to the aqueous medium. Diluent and fresh water are continuously fed into the vessel. 
From the column there are withdrawn: an oil-diluent product, in the upper part, to be recycled to the previous 
process phases; a water product, containing some impurities, in the middle part, to be treated and recycled; a 
wet mineral phase, substantially tree of oil, at the bottom. If necessary, this last product may be finally 
washed in a helical classifier, in counter-current with water, to recover any remnant oil or diluent. The diluent 
losses in the process are replaced by an appropriate distillation control in the refining phase to obtain a con-
stant diluent flow. Consequently the diluent used in the process will be made of the organic matter light ends 
of the processed bitumen or oil with no diluent supply. 

"Hydraulic Couple Rotational Force Hydraulic Mining Tool Apparatus," Everett L. Hodges - Inventor, United States 
Patent 4,718,728, January 12, 1088. An improved hydraulic mining tool apparatus for recovering minerals such as 
tar sands and the like from subterranean formations is disclosed, wherein plural cutting jet nozzles, adapted to 
hydraulically dislodge mineral particles from the formation are positioned to generate a hydraulic couple rota-
tional force upon the mining tool and thereby reduce overall power requirements for the apparatus. The plural 
cutting jet nozzles are connected to one or more flow conduits extending axially within the mining tool ap- 
paratus or alternatively may extend from a common sealed reservoir formed within the annulus of the mining 
tool. The present invention additionally discloses the use of a tn-cone cutting bit assembly positioned upon the 
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lowermost end of the apparatus which may be activated and deactivated from ground surface to selectively 
provide a rock crushing and force-feeding of mined material during operation as well as during the towering of 
the mining tool into the mineral formation. The mining toot apparatus further incorporates one or more tool 
casing extensions, selectively mountable between the tn-cone cutting bit assembly and the slurry inlets of the 
toot to insure that the slurry Inlets remain clear from rock obstructions accumulating about the lowermost por-
tion and tn-cone bit assembly of the tool during the mining operation. 

"Solvent 2xtraction Spherical Agglomeration of Oil Sands," Enrique 0. Hoefele, Weldon F. Meadus, Bryan D. Sparks 
- Inventors, Canadian Patents & Development Ltd., United States Patent 4,719,008, January 12, 1988. Oil Sands 
and similar hydrocarbon-solids mixtures are separated into their components by steps comprising: mixing with a 
solvent for the hydrocarbon in an extraction-contacting stage including a controlled light milling action, in the 
presence of hydrophilic bridging liquid, under selected conditions favoring the formation of large agglomerates of 
substantially all hydrophilic solids; controlling the milling action to break down continuously the agglomerates so 
that at equilibrium the agglomerate size is much smaller than expected; separating the agglomerates from the 
concentrated hydrocarbon solution and stripping solvent from this solution to leave hydrocarbon product; washing 
the agglomerates with solvent and recycling this dilute wash solution preferably to the extraction-contacting; 
desolventizing the agglomerates and recycling solvent preferably to the wash stage. The agglomerates have fast 
settling and draining properties and a low hydrocarbon content while the hydrocarbon product has a low solids 
content. An apparatus for carrying out this process is described. 

"Heavy 311 Recovery Process," Michel Gondouin, S. Cal Res Corp., United States Patent 4,706,751, November 17, 
197. heavy oil is recovered from deep reservoirs by injection of a gaseous mixture containing hydrogen, steam 
and in some eases oil soluble gases and/or vapors. This mixture is produced by a reversible exothermic catalytic 
reaction in a down-hole reactor and injected into a well drilled, preferably horizontally, Into the reservoir. The 
reactor teed streams are prepared in surface facilities with low air pollution, using as feedstocks water, air and 
Inexpensive fuels, such as natural gas, coke or residual fuel oil. The heavy oil contacted by the injected 
gaseous mixture is formed into a mobile oil bank for reduced viscosity, which Is produced to the surface by 
means; of production wells or by alternatively using the injection well in a production mode. The process is of 
particular interest for reservoirs deeper than 1,000 feet, located In the vicinity of natural gas fields, oil 
refineries or coal mines. 

"Partial Oxidation of Vanadium-Containing heavy Liquid Hydrocarbonnceous and Solid Carbonaceous Fuels," Michael 
IV. Becker, Mitri S. Najjar, John S. Stevenson - Inventors, Texaco Inc., United States Patent 4,705,536, November 
10, 1987, Process for the production of gaseous mixtures comprising 11 2 +CO e.g. synthesis gas, reducing gas, or 
fuel gas by the partial oxidation of a vanadium-containing liquid hydrocarbonaceous fuel, solid carbonaceous fuel, 
or mixtures thereof in a free-flow vertical refractory lined gas generator. The teed mixture to the gas genera-
tor com,nises (1) a vanadium-containing fuel; (2) supplemental iron-containing ash fusion temperature reducing 
agent; and (3) at least a portion of the remainder of the iron-containing slag after separation of an enriched 
vanadium-containing coarse slag fraction. The coarse slag fraction has a decreased Fe/V weight ration and is 
formed by depositing a portion of the slag entrained in the hot raw effluent gas stream from the partial oxida-
tion fraction zone on the walls of a slag separation chamber located between the botto:n discharge outlet in the 
reaction zone and the effluent gas quench tank located at the bottom of the gas generator. It is economically 
advantageous to recover byproduct vanadiu'n from the coarse slag fraction in a metal refining plant. 

"Method of Separating Oil or Bitumen from Surfaces Covered with Same," James h(eane - Inventor, Linnola Ltd., 
United States Patent 4,704,200, November 3, 1087. The separation of oil or bitumen from a surface of a sub-
strate covered with same is effected by first dissolving the oil or bitumen in a solvent to form a solution 
thereof. A liquid which does not dissolve the oil or bitumen, is non-miscible with the solvent and has substan-
tially higher surface wetting properties than the solvent on substrate is then intimately contacted with the sur-
face of the substrate; the solvent and liquid are capable of forming in the presence of the oil or bitumen an 
interfacial membrane-like material which is impermeable thereto. The intimate contacting of this liquid with the 
surface of the substrate causes the membrane-like material to form at the surface of the substrate while the 
liquid wets the surface and spreads thereover, the liquid displacing the membrane-like material away from the 
surface as it is being formed thereacross to thereby separate the solution from the surface and cover the sur-
face with a layer of liquid; the membrane-like material acts as a barrier to maintain the oil or bitumen in the 
solution and to prevent passage of same into the layer of liquid. The method of the invention avoids the use 
of surfactants and the formation of emulsions, and thus the problems associated therewith. The invention finds a 
particular application in the recovery of oil and bitumen from bitumen covered tar sands and oil sands from oil 
wells.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since December 1987) 

ATFIABASCA PROJECT - Solv-Ex Corporation and Shell Canada Limited (T-01) 

The project is a joint venture of Solv-Ex and Shell Canada Limited to undertake the phased development of an open pit mine and 
extraction plant for bitumen on Shell's oil sands lease in Alberta, Canada. 

Phase I of the project includes a detailed engineering study and a 1,500 metric tonnes run of oil sands through the Solv-Ex pilot 
plant, located in Albuquerque, New Mexico. 

Pending successful results of the testing and acceptable economic forecasts, the construction of the mine and plant complex 
(Phase II) would begin, with completion targeted for some time in 1990. 

The mine will provide 16,275 tons of ore per day to the extraction plant, which will use the SoIv-Ex technology. About 7500 barrels 
of bitumen per calendar day are expected to be produced, the product to be sold as bitumen or upgraded to synthetic crude at addi-
tional cost. 

The Government of Alberta and the Alberta Oil Sands Technology and Research Authority have agreed to provide financial assis-
tance to the project in the form of a loan guarantee for Phase II of 30 percent of costs up to C$85 million, plus capitalized interest, 
and a C$3 million grant for Phase I, respectively. Pilot plant work on Phase I has been completed. The technical and economic 
feasibility is being assessed by Fluor Canada with completion scheduled for September 1, 1987. 

Project Cost:	 C$260 million (Phase II) 
C$10 million (Phase I) 

BI-PROVINCIAL PROJECT- UPGRADER FACILITY - Husky Oil Operations Ltd. (T-35) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Ltoydminster, 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 El-Oil ebullated bed hydrocracking followed by 
delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase I of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction is on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and Sas-
katchewan. 

Project Cost:	 Upgrader Facility estimated at C$1.2 billion 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (T-06) 

California Tar Sands has developed a downhole hydraulic mining system whereby oil sands occurring at depths from 100 to 600 feet 
will be mined using a hydraulic mining too[. Bitumen will be extracted from the sand using a surface removal process. Operations 
will take place in California, Canada and China. 

Project Cost:	 $547 million 

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. 

Shipments of diluted bitumen from Phases 1 and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake avenged 60,000 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A debottlenecking of the first six phases will add 19,000 barrels per day by year-end 
1988, at a cost of 	 million. 

The AERCB has approved Esso's application to add Phases 7 through 10, which will add another 44,000 barrels per day at an es-
timated cost of $325 million. Detailed engineering is com pleted and construction has begun. Production will begin in mid-1989. 
Total production by 1991 should reach 139,000 barrels per day.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL PROJECTS (Continued) 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen-
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

Project Cost: 	 Approximately $850 million for (list ten phases 

DAPHNE PROJECT - Petro-Canada (1-25) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce75,000 barrels per day. Based on mining studies by Loram Interna- 
tional Ltd., engineering studies by Bechtel Canada Ltd., and continuing internal studies by Petro-Canada. The project is expected 
to cost $3.2 billion (Canadian). To date over 350 core holes have been drilled at the site to better define the resource. 

Federal and provincial government agencies have been contacted to discuss reduced royally and tax schemes, but no agreements 
have been reached. Petro-Canada has also discussed the project with other companies that may be interested in acquiring equity 
shares in the project. 

Currently, the project has been suspended pending further notice. 

Project Cost:	 $3.2 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (1-30) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is being 
put on hold due to the current worldwide energy supply picture. As of March, 1988, the Lurgi pilot unit is being maintained in con-
dition for future operations. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: 	 Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (1-252) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois In-
stitute of Technology Research Institute (IITRI) on a single-wellbore electromagnetic stimulation technique for heavy oil. The 
technique uses the well casing to induce an electromagnetic field in the oil-bearing formation. Both radio frequency and 60 cycle 
electric voltage are used. The radio frequency waves penetrate deeply into the formation while the 60 cycle current creates resistive 
heating. 

The first field test with a commercial well, producing about 20 barrels per day, was put into production in December 1985 in Texas, 
on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy Resources 
Conservation Board, and stimulation started in a recently completed well in the Uoydminster area in Alberta, Canada. This well 
was drilled on Husky Oil Operations Limited acreage in the Wildmere Field. Primary production continued for about 60 days, 
during which the well produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installa-
tion of the OHS electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained 
production of 20 barrels per day was achieved over the following 30 days. The productivity of the well is expected to increase some-
what more as the stimulation operations proceed. The economic parameters of the operation are said to be within the range ex-
pected. 

Process energy costs have been demonstrated at around $1/bbl. A third well will be spudded in the Wildmere Field in November, 
1987. EOR Ltd., a Calgary headquartered OHS affiliate, plans many additonal installations on its own acreage as well as service 
contract installations in the near future. 

OHS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe sand production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of 150 degrees Fahrenheit. Another OHS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farrnout from Tenneco Oil. The White Wolf lease, 260 acres, is estimated to contain 28 million barrels of 14-16 de-
gree API oil-in-place. Operations are currently underway and testing continues.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL PROJECTS (Continued) 

A demonstration field test is planned to begin in Brazil in late 1987. The test well was initially completed in September 1987. 
Process heating equipment is scheduled to be installed and operating by early December 1987. Testing will last until early March 
1988, at which time ORS, their joint venture partner Azevedo At Travassos S/A of Sao Paulo, and Petrobras will meet in Rio de 
Janeiro to evaluate the results and negotiate a service/sales contract. The test will be conducted in the Potiguar Basin (Rio Parton 
Field) which contains several oil fields with in-place reserves estimated by I'etrobras at 4.4 billion barrels. A successful demonstra-
tion test could potentially lead to several hundred installations within Brazil. 

Universal Energy believes that total lifting costs using its technology could be as low as $3 per barrel 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (T-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is in-
dicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. Phase 1 of the Project will involve the drilling, construc-
tion, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a continuation of field delineation and 
development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The delineation and 
development wells are drilled on a 16.19 hectare spacing and are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Steam injection into the 13-well project was initiated in July, 1987. 

Oil production from current wells at Amoco's Elk Point field totals 900 cubic meters per day. Production with these new wells will 
gradually increase totals to approximately 1.280 cubic meters per day. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and pricing. 

Project Cost:	 Phase 1 - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Ltd. (T-29) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986. 

The Phase I project, costing C$90 million, would involve development of primary and thermal recovery operations in the Lindbergh 
and Frog Lake sectors near ElkPoint in east-central Alberta. Phase! operations include development of 16 sections of land where 
119 wells were drilled by the end of November, 1987. The steam simulation processes is being evaluated in two sections. 

An additional 160 Phase I wells would be drilled over the project's 20 years life. PanCanadian requested permission to develop two 
sections for steam stimulation of the Cummings sand formation. The wells would be drilled in a seven-spot pattern on 4 hectare 
(10 acre) spacing. PanCanadian expects to develop one-quarter section every two years. Phase I would also include primary 
development of the remaining 14 sections on 16 hectare (40 acre) spacing. 

PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase III would go into operation in the late 1990's and 300 new wells would be drilled on six sections. Production would increase 
to 12,000 barrels per day. Phases II and III would be developed as thermal recovery projects. After cyclic steaming, the patterns 
would be converted to steamfloods or firefloods.
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COMMERCIAL PROJECTS (Continued) 

The schedule originally proposed to the ERCB in 1986 has slipped about three years. 

Project Cost: 	 Phase I = C$90 Million 

FOREST HILL PROJECT— Greenwich Oil Corporation (T-26) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a lire  flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project now has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The current oil p roduc-
tion rate is 1.200 barrels per day. 

Project Cost:	 Estimated $425 million 

LINDBERGH COMMERCIAL PROJECT - Dome Petroleum Limited T-32) 

Dome Petroleum received approval from the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover five sections and and was planned to be developed at a rate of one section per year for five 
years. It will employ "huff-and-puff' steaming of wells drilled on 10 acre spacing, and will require capital investment of ap-
proximately $158 million (Canadian). The project is expected to encompass a period of 12 years and will result in peak production 
of 12,000 barrels of oil per day, which when coupled with production from two experimental plants and additional wells will raise 
the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted after 31 wells were 
completed. These wells have been placed on primary production. Steaming, gathering, and processing equipment was committed 
prior to the oil price decline, and is being stored for use when the oil price recovers. 

Project Cost: 	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (T-33) 

Murphy Oil Company Ltd., has completed construction of a 3,000 barrel per day commercial thermal recovery project in the 
Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the north Saskatchewan River. Startup of the new wells is underway. All 
wells will be in production by year end. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses the a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand 
Rapids zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 
30,000 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project. 

Capital cost was $30 million (Canadian) for the initial installations, with about $12 million in capital additions expected for each 
succeeding year to drill and tie in additional wells. Operating expenditures will be in the order of $12 million per year. 

Project Cost: 	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually 

NEWGRADE HEAVY OIL UPGRADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-35.2) 

Site work has been started for the $650 million upgrader project to be built adjacent to the Co-Operative refinery in Regina, Sas-
katchewan. Construction has passed the 65 percent completion point and is still scheduled for completion in the fall of 1988. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 
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COMMERCIAL PROJECTS (Continued) 

Co-Operative Refineries will provide  percent of the costs as equity, while the provincial government will provide 15 percent. The 
federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the costs as debt. 

NewOrade has selected process technology licensed by Union Oil of California for the upgrader. The integrated facility will be 
capable of producing a full slate of refined products or alternately 50, barrels per day of upgraded crude oil or as will be the ini-
tial case, some combination of these two scenarios. 

Project Cat:	 $650 million 

OSLO GROUP - Esso Resources, Petro-Canada, Canadian Occidental. Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
EMuity, 

In late 1987 discussions with the Canadian and Alberta governments were held with the goal of enabling plant construction to begin 
in 1988 and production to be underway in 1994. 

Pro ject Cost: $4 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (P353) 

Shell Canada Limited expanded the ori ginal Peace River In Situ Pilot Project to an average production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Shell Explorer Limited. 

The expansion, at cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The com-
mercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant for 
generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline and ini-
tially would be exported to the northern tier refineries in the United States for asphalt production. 

An application to the ERCB received approval in early November 1984. Drilling began in February 1985. Construction began June 
1985. The expansion was on stream October 1986. This expansion is only the first step of Shell's long-term plan to develop the 
Peace River oil sands. 

On January 25, 1988 the Energy Resources Conservation Board approved Shell Canada's application to expand the Peace River 
project from 10,000 barrels per day to approximately 50,000 barrels per day. 

PREP II. as it will be called, entails the construction of a stand-alone processing plant, located about 4 km south of PREP I. PREP 
II would be developed in four annual construction sta ges, each capable of producing 1,600 cubic meters per day. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP 11

SYNTHETIC FUELS REPORT, MARCH 1988 
3-39



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL PROJECTS (Continued) 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (I'-38) 

Dome has proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Dome is earning a 
working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company under-
took a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest in 
eight sections of adjoining oil sands teases. The 41 well pilot was producing 2,000 barrels per day of 10 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Dome can earn an interest in an additional 225,000 acres of adjoining oil 
sands lands through development of a commercial production project. The project is estimated to catty a capital cost of at least 
$C1.2 billion and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each year for the first five years Dome will start a new 400 well, 
5,000 barrels per day stage. Each stage will cover four sections with sixteen 26 well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. 

Due to the dramatic decline in oil prices, the proposed 1986 drilling schedule has been postponed. The project will proceed when 
oil prices return to levels which make the project viable. 

In January 1984, Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration Inc., which per-
mits those companies to earn a total of 25 percent of Dome's interest in the Primrose pilot recovery project and the proposed com-
mercial production facility. Under this agreement, the two companies have reimbursed Dome for approximately $20 million of its 
costs for the pilot recovery project and will pay one-half of future expenditures on the commercial production project. The two 
companies also have the right to earn a 15 percent working interest in any subsequent projects for the recovery of bitumen from the 
Alberta Energy lands. 

Project Cost: 	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SARNIA-LONDON ROAD FIELD MINING ASSISTED PROJECT - Devran Petroleum Ltd. and Shell Canada Ltd. (t'.39) 

Devran and Shell Canada are proceeding with a project to recover 2 million barrels of oil from a long-dormant oil field near the 
southern tip of Ontario. Devran operates the mining-assisted oil recovery project near Sarnia, Ontario. Devran and Shell Canada 
jointly lease approximately 3,900 acres with 1,200 acres in the active field. Known as the Sarnia-London Road Field, the area was 
drilled by Imperial Oil from 1898 to 1901. Production rates from individual wells of two or three barrels of oil per day were re-
corded with some wells reported to have initial producton rates of over 10 barrels per day. The Sarnia-London Road Field 
produced for 25 years, yielding a significant amount of natural gas with the oil. 

Unit A is the fiat production project, designed to produce oil from approximately 600 acres. A shaft has been sunk to a depth of 
430 feet, and two production stations have been established, one for each of two oil-bearing layers. Facilities to collect the oil and 
pump it to surface are included in these production stations. Conventional surface production facilities including a heater treater, 
tanks for storage of the oil, a service building, and a mine shaft house are in place. 

A total of 120,000 feet of horizontal drilling in the two oil layers will allow oil to flow freely along the paths provided by the holes. 
Production rate is expected to be on the order of 600 barrels daily. Satisfactory results from Unit A could lead to follow-up 
development of a second production facility based around a second shaft on Unit B to be located approximately 1 kilometer 
northwest of Unit A. 

Unit A is being financed by Devran and Shell Canada. Devran received a $475,000 grant from the Federal Ministry of Energy, 
Mines and Resources and a $100,000 grant from the Ontario Provincial government. Financing is also facilitated by the quali-
fication of this project under federal government tax incentives encouraging investment in Canadian petroleum exploration. 

The procedure being applied involves three major steps. First, a mine shaft is sunk to the oil layer. Next, a production station is 
excavated where the shaft passes through or reaches the oil layers (the pay zone). Finally, the production station becomes the site 
from which holes are drilled horizontally in a radial or "wagon wheel" pattern into the pay zone. Each production station with its 
set of wells drains by gravity several hundred acres. The length of these horizontal wells is determined by the formation geometry 
and geological conditions. 

First production from the project commenced in November, 1986. 

Project Cost:	 $6.5 million
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COMMERCIAL PROJECTS (Continued) 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (T-40) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,00) barrels per day with the design allowing for expansion to 70,ODO barrels per day. Feedstock is provided by 
the two existing oil sands plants. The refinery's petroleum products are gasoline, diesel, jet fuel and stove oil. Byproducts include 
butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,(Y00 tonne/year styrene plant. Refinery and petrochemi-
cal plant officially opened September 1994. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

SUNCOR, INC., OIL SANDS GROUP - Sun Oil Company (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (F-SO) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. is comprised of three major groups: Resources Group, Sunoco Group, and Oil Sands Group. The Resources Group is 
sub-divided into three divisions: Exploration, Production, and Marketing and Business Management. The Sunoco Group refines 
and markets petroleum products. The Oil Sands Group is explained in the following paragraphs. 

Oil Sands Group operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of 
Fort McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, over-
burden is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. 
Third, hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal 
cracking produces coke, and cooled vapors form distillates. The distillates are desutfurized and blended to form high-quality syn-
thetic crude oil, most of which is shipped to Edmonton for distribution. 

Current estimated remaining reserves of synthetic crude oil are 370 million barrels 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-600) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of 
combined hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and 
retorting technologies. The available core data are being used to determine the extent of the mineable resource base in the area 
and to provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work is planned for 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - GNC Tar Sands Corporation (T-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent ash 
and water. Chevron also ran a series of tests using the solvent circuit first 

followed by flotation and found it to be simpler and 
cheaper than the reverse cycle.

SYNTHETIC FUELS REPORT, MARCH 1988 
341



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL PROJECTS (Continued) 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today ONC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
Heavy. 

GNC has 2,000 acres of fee teases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The 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 Corporation (SFC) for tar sands projects that utilize mining and surface processing methods, GNC 
requested loan and price guarantees of $452,419,0)0. Construction would start in the third quarter 1986 with first production in the 
first quarter 1989. On November 19, 1985 the SFC determined that the project was a qualified candidate for assistance under the 
terms of the solicitation. 

On December 19, 1985, the SFC was cancelled by Congressional action. GNC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg indicating feasibility, after the decline in 
prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent gasoline 
and 69 percent diesel. The 7,500 barrels per day plant, with some used equipment, would cost $149 million. 

Project Cost: 	 $149 million for 7,500 barrels per day facility 

SYNCRUDE CANADA, LTD. - I3sso Resources Canada Limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (13.23 percent); Athena Energy Company (10.0 percent); Gulf Canada Cor-
poration (9.03 percent); lIBOG Oil Sands Limited Partnership (5.0 percent); PanCanadian Petroleum Limited (4.0 percent) (1'-60) 

Located near Ft. McMurray, the S yncrude surface mining and extraction plant has a current capacity of 130,000 barrels per calen-
dar day. Mining-electric draglines; extraction-hot water flotation process; upgrading-two fluid tokens. In 1979, 18 million barrels of 
synthetic crude were delivered. Production in 1980 was over 28 million barrels; production in 1981 was over 29.7 million barrels. 
The 1982 production figure was 31.32 million barrels, and 1983 was 40.8 million barrels, 1984 was 31.2 million barrels, 1985 was 
46.7 million barrels and 1986 was 47.4 million barrels. Mining utilizes four draglines and four bucketwheels. Syncrude's staff is 
4,200. A debottlenecking and capacity addition project (expansion) will increase synthetic crude oil production to 150.000 barrels 
per day. The expansion is expected to be complete by the end of 1988. 

ments. 

If Syncrude decides to go with the proiect, it would be completed in 1993 and boost the plant's output by 50 percent to 225, 	 bar-
rels per day, which would be 15 nercent of Canada's total crude production. 

Project Cost:	 Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (F-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the 'huff-and-
puff" method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

Twenty-two welts 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. Drilling of wells began October 15, 1983 and the initial 192 wells 
were complete in early July 1984, 73 months ahead of schedule. 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg, the 
wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 
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COMMERCIAL PROJECTS (Continued) 

The project is going ahead largely due to tax and royalty concessions by both federal and provincial governments. In early 1983 the 
Canadian federal government announced that new oil sands and heavy oil projects would be exempted from the Petroleum and Gas 
Revenue Tax until capital costs have been recovered. The Alberta government has indicated that during the early years of the 
project the province will levy only a nominal royalty. This royalty initially could be as little as I percent, possibly increasing to as 
much as 30 percent of net profits once the project sponsors recover their investment. 

BP and Petro. Canada are now exploring options for future plants on the Marguerite Lake leases. During the winter of 1984/1985 
an extensive delineation drilling program was carried out which identified possible areas for future developments. 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). In January, 1987 the Alberta ERCB approved BP Canada's application for Phase 2. In June 1987 the 
companies announced their intention to proceed. 

In November 1987, the project was producing bitumen and a program designed to expand production by 2,400 cubic meters per day 
to 3,700 cubic meters per day, total bitumen production was well advanced. The major contract for the central plant was let to 
Fluor Corporation in October, 1987. 

Project Cost: Wolf Lake I
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

R & D PROJECTS 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (T-85) 

The project is operated by Bow Valley Industries Ltd. The process utilizes superheated steam, carbon dioxide, and chemicals to 
recover bitumen from the Clearwater formation. This technology was developed by Cannel Energy of Houston, and partially 
tested in heavy oil fields in the United States. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A second phase consist-
ing of a 9-well pad has been in operation since early 1987. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot 
several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf 
pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is left to soak for 
a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in the oil, reducing its viscosity. 
The well is then put on production with back pressure and the gas comes out of solution to provide a gas depletion drive 
mechanism. After the individual wells achieve 'link-up' with this cyclic procedure, the pilot may be converted to a steam drive. 
Carbon dioxide is trucked in to the pilot facility. 

Project Cost:	 $15 million for the first phase 
$13 million for the second phase 

ATI LALBASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Canterra Energy 
Ltd., Tenneco Oil of Canada, Ltd. (T.130) 

The Canterra/TEC.AN/AOSTRA steamflood pilot commenced operation during December 1981 in one of its two patterns. The 
first pattern consists of 6 producers, 7 injectors, 8 observation wells inside the pattern and 3 outside the pattern, 3 water source 
wells and 3 water disposal wells. A 'modified second pattern was started up in 1984. The modification consists of four new wells 
drilled to form a single 9-spot pattern with 8 producers and I injector. There are 2 observation wells inside the pattern and 4 out-
side the pattern. In 1987, the second pattern was expanded with the addition of 4 producers. 2 iniectors, and 2 observation wells. 

Due to the decline in crude oil prices, the total field program could not be maintained. The first pattern's steam injection was ter-
minated in September 1986. The expanded second pattern was started up in 1987. Results have been encouraging. 

Project Cost:	 $lg million (estimate)
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K & I) PROJECtS (Continued) 

I3iVI'l'RUM IN Sl'U WET COMBUSTION - Mobil Oil Canada, Ltd. Unocal Canada Limited, Saskoil. husky Oil lAd.. Cantern, 
Uncrn' Ltd., Hudson's Bay Oil and Gas (T-135) 

Mobil Oil Canada initiated dry combustion in the Battrum field in the Swift Current producin g area of Saskatchewan in 1965 and 
converted to wet combustion in 1978. 

In 1987 Mobil be gan a $30 million expansion program to increase oil production from three in situ wet combustion units. 

This expansion includes drillin g additional welts; convenin g some of the wells to air/water iniection; recom pleting existing wells. 
and upgrading surface production and air iniection facilities. 

The air iniection plant is also being upgraded to meet the increased demand. Work is ex pected to be com pleted by the middle of 

The expansions are expected to increase total oil production from the three units b y more than 2,500 barrels per day. 

Project Cost: 	 $30 million 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources (F-140) 

The original project, n single-well experimental in situ project located at 36-61-2-W4M, was terminated in 1975. ERCB approval No. 
2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the recovery of crude bitumen from the Cold Lake Oil 
Sands Deposit. This approval was amended to locate the pilot in Section 3141-1 W4. Construction began in early May 1977 with 
operation commencing in March 1978. Approval was further amended in November 1981 to convert to drive operation and extend 
expiration to 12/31/1984. Project consists of six producing wells, one steam injection well and eight temperature observation wells. 
A steam drive-producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. Ceased steam injec-
tion at end of 1984. Started heat scavenge phase in January 1985, by injecting all produced and make-up water. 

The project was finally shut-in October 1, 1985 and is presently in suspended status. 

Project Cost: 	 $14 million (estimated) 

CANMI3T HYDROCRACKING 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 CANME1' Hydrocracking Process is effective for the processing of heavy 
feedstocks with conversion of 90 weight percent of the pitch to distillate boiling below 524 degrees C (Pitch is defined as material 
boiling above 524 degrees C,) An additive has been developed for the CANMET Hydrocracking Process which acts as a 
hydrogenating and coke-getting agent. High asphaltene conversions are achieved with the CANMET additive at comparatively 
moderate pressures and temperatures. Only moderate H2 consumption is required to achieve high levels of asphaltenc 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. 
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R & I) PROJECTS (Continued) 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. 

Upon startup, the unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was 
achieved. In May 1986, introduction of additive led to the achievement of 80 weight percent pitch conversion. 

The unit was shut down for detailed mechanical and materials inspection during the summer of 1986. Since no mechanical corro- 
sion or materials problems were found, the unit was restarted in October, 1986 for further process refinements and operational 
data collection. 

The test program is continuing. 

Project Cost: 	 Not disclosed 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (F-200) 

Mobil's heavy oil project is located in 152 and Rn, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 
Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations are 
continuing. 

Project Cost:	 $21 million (Canadian) (Capital) 

CI-IARLOTIE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (T-205) 

Canadian Worldwide currently holds a 25 percent working interest in this 8,960 acre property located approximately 12 miles 
southeast of the town of Bonnyville. An agreement has been reached with Husky Oil Operations Ltd., to proceed with a $5 million 
pilot project to be completed by December 31, 1987. By completing this work, Husky will earn one-half of Canadian Worldwide's 
25 percent interest. Two wells have now been drilled and tested by steam cycling. Production from the first well was very en-
couraging, however, results from the second well were below expectations. As a result of this, along with continued low oil prices, 
further field work has been postponed. Agreement has been reached to extend the completion deadline to December 31, 1988. 

Project Cost:	 $5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (F-230) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 100 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 10 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones are being tested in the Upper 
and Lower Grand Rapids formation. The tests are scattered throughout Mobil's leases in Townships 63 and 64 and Ranges 6 and 
7. Encouraging results have been observed. 

The program has been reduced to six active wells in 1987, as objectives for some wells were being met, and as a result of the drop 
in oil prices. 

Project Cost:	 Not disclosed
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R & D PROJECTS (Continued) 

DONOR REFINED BITUMEN PROCESS - Gull Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour Ia Valorization des Huiles Lourdes (ASVAIIL) (r-247) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations are to be 
completed by the end of 1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
caise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 
The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

ENPEX SYWFARO PROJECT - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil Company, M. H. Whit-
tier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General Partners) (T-260) 

ENPEX Corporation has operated Texas Tar Sands, Limited's 400 barrels per day San Miguel tar sands recovery project. The 
project has been on-tine since January 1984 and produced San Miguel tar at rates of above 500 barrels per day. The project utilizes 
a 50,000 pound per hour fluidized bed coal combustor to provide steam for a steam drive process. Daily production rates in excess 
of 500 barrels per day were achieved. Tar sales were approximately 150 to 200 barrels per day. 

The plant is shut down due to current oil prices. The fluidized bed combustion system and oil processing unit are available for 
operations elsewhere. 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Lad. (17-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Laming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease No. 
40. Esso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is currently 3,100 cubic meters per day—i.e., about 19,500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as follow-up on new recovery methods. Esso has been aranted a five-year extension to their pilot license for Leming. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million
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EYEHILL IN SITU STEAM PROJECT - Canada Cities Service, Ltd., Canadian Reserve Oil and Gas Ltd. and Murphy Oil Company 
Ltd. (T-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 
The p1101 has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F porosity 34 percent, and permeability 6,000 ad. 

Project Cost:	 $15.2 million 

FT. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (r-290) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of 
Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with Suncor as operator. This oil has an average 
gravity of 123 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with steamdrive as an additional 
recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns converted from 1984 through 

Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an Swell cluster drilled in late 1985. Five additional develop-
ment well locations have been identified. Approximately 73 wells are now operating, including 4 wells which had previously been 
shut-in due to low oil prices. With production avenging 1.800 barrels per day. Further development work, including tying-in the 
8 wells most recently drilled, has been delayed. Ultimate recoveries are anticipated to be greater than 21 percent with recoveries in 
the 26 percent range in the steamflood areas expected. 
Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

Project Cost: See Above 

FOSTERTON N.W. IN SIT IU WET COMBUSTION - Mobil Oil Canada Ltd. (T.295) 

Mobil operates a pilot in the watered-out F'osterton Northwest reservoir. The dry combustion scheme, commenced in 1970, was 
converted to wet combustion in 1977. The pilot was expanded to two bums in 1983, and injection rates were increased. 

Project Cost:	 Not Disclosed 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AO&rRA, and Petro-Canada Ltd. (17-29 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2486-7W4. The par-
ticipants are Amoco (123 percent), AOSTRA (75 percent), and Petro-Canada Inc. (123 percent). Other parties may participate 
by reducing AOSTRA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). 
Amoco is the operator. The production pattern will consist of a four-spot geometry with an enclosed area of 0.28 hectacres 
(0.68 acres). Observation wells will also be drilled. The process will test the use of steam and steam additives in the recovery of 
highly viscous bitumen (lx 10 million cP at virgin reservoir temperature). In the absence of natural injectivity, a special fracturing 
technique will be used. Sophisticated seismic methods and other techniques will be used to monitor the in situ process. 

Reservoir selection, evaluation studies, and construction are complete. The project began operation in September 1985 and was 
onstream in the Fall 1986. 

Project Cost:	 $22 million (Canadian)
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GROSMONT THERMAL RECOVERY PROJECF— UNOCAL Canada Limited (T-300) 

Since 1975, Union has operated seven in situ steam tests and two in situ combustion tests in the Orosmont formation of Alberta's 
carbonate heavy oil deposit. In 1982, a new single five spot pattern was tested using stimulation and drive processes in section 28-
87-19 W4. At present 2 single well huff and puff pilots are still in operation. Participants in this project include the Alberta Oil 
Sands Technology and Research Authority (50 percent), Canadian Superior Oil Ltd. (25 percent) and Union Oil Company of 
Canada Limited (25 percent). The project has now been mothballed. 

At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost: 	 Not disclosed 

HANGING STONE PROJECT - Pctro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japanese 
Canadian Oil Sands (T-700) 

The Hanging Stone Project is located 50 km south of Port McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three welts have been tested for injection and recovery. Ten additional wells were drilled 
in the winter of 1987-88 to further delineate the zone of interest. Although continuous production has been achieved, the 
project/process is not commercial at this time. 

Total land holding for the project is one-half million hectares. 

Project Cost: 	 Not formulated. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada Ltd. (T-690) 

The Iron River Pilot Project will consist of a 10 acre pad development with 23 directional and slant wells on an eight and four acre 
spacing within a 160 acre site. The project is 100 percent owned and operated by Mobil Oil. It will be loacted in the northwest 
quarter of Section 6-64-6 W4 adjacent to the existing Iron River battery facility located on the southwest corner of the quarter sec-
tion. The project is expected to produce 1,450 barrels of oil per day. Through expansion, the existing battery facility wilt be able to 
handle the expected oil and water volumes. Plans call for the produced oil to be transported by underground pipeline to the bat-
tery. Pad facilities will consist of a 75 million ETU steam generation facility, test separation equipment, piping for steam and 
produced fluids, and a flare system for easinghead gases. 

To obtain water For the steam operation, a ground water well is proposed to be drilled on the pad site. Prior to use, the water will 
be treated. Produced water will be injected into an existing disposal well. The Fuel will be supplied from Mobil's existing fuel gas 
supply system and the treated oil will be trucked to the nearby Husky facility at Tucker Lake. 

Government applications and engineering studies are planned to be completed by early 1987. Assuming government approvals, 
construction and drilling could begin during the summer of 1987 with production beginning in 1988. The pilot project is expected 
to operate for a minimum of five years. 

Project Cost:	 $12 million 

JET LEACHING PROJECT - HP Resources Canada Ltd. (T-396) 

HP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The process, called jet leaching, involves high-rate iniection of water into a tar sand formation so that the a gitation of the injected 
fluid cuts the tar sand and separates the bitumen. The iniected water contains chemicals that cause the sand particles to ag
glomerate. further aidin g the separation process. 

The bitumen-laden fluid is brought to the surface in a typical production well while the sand particles remain in the formation. HP 
expects the fluid to be in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 
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The fluid in jection rate probably will be in the ranre of 15-25 barrels net hour at a fluid temperature of 175 degrees F. 

The pilot tareets the McMurray tar sands at a depth of 220 to 260 feet. 

Proiect Cost: asoo, 

KENOCO PROJECT - Kenoco Company (T-340) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin- 
cipals of Kenner,acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 
Plans are being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of S to 6 years to a 
10,000 barrels per day operation. Timing is not yet firm pending stabilization of oil prices. 

Project Cost:	 Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T-360) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot thick 
Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 acres. 
Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested from 1980 
to 1983 but has been terminated. Huff-and-puff continues. Production rates from the seven-spot area have been encouraging to 
date, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 30,000 Cp at 70 degrees F. Porosity is 33 percent and permeability is 2500 md. 

(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cast:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (T-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in order to 
evaluate an enriched air and air injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to 
evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

Air was injected into one pattern to facilitate sufficient burn volume around the wellbore prior to switching over to enriched air in-
jection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A concerted plan 
of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. En-
riched air injection was reinitiated in this pattern in August 1985. The blend-up process has been completed with present injection 
rate at 110 million cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any oxygen 
breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen 

Project Cost:	 $22 million 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST - Alberta Oil Sands Technology and Research Authority 
-33-1/3 percent; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada . 33-1/3 percent (T-395) 

BP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority (AOSTRA) entered into an agreement in 
1982 whereby they would test the potential for producing bitumen from the heavy oil deposits in the Cold Lake area of north-
eastern Alberta. The project consists of one cyclic steam stimulation well and two observation wells in the BIt) sand of the Lower 
Grand Rapids Formation (B Unit), and commenced in 1982. Initially only one cycle of steam stimulation was considered. The 
project deadline was extended to the end of 1986, consisting of four cycles. The results of the single-well test proved that the BlO 
sand has significant cyclic steam potential. (See Wolf Lake Project listed in commercial projects.) 
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This test has now been completed and the project has been suspended. 

Project Cost: 	 $4.2 million (Canadian) 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (17-420) 

Dome Petroleum Limited has completed a 44 well drilling program in Section 35-514 W4M in the Morgan field in order to 
evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have 
been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimulations to provide for 
production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. To date, six of the 
nine patterns have been ignited and are being pressure cycled using air injection. 

Project Cost: 	 $20 million 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (T460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phase I by contributing $30.8 mil-
lion, 

Phase II, designed initially to further test and delineate the resource, is now underway. This phase includes a multi-cycle single well 
steam simulation test at 13-27-84-11 W4 which has com pleted its four-cycle test proram and a second multi-cycle single well steam 
stimulation test at 16-27-84-11 W4 in its seventh production cycle. A third multicycle single well steam stimulation test at 4-35-84-
11 W4 is in its fourth cycle. 	 - 

Project Cost: 	 Not disclosed 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation (F-480) 

Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase IT (fireflood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. Remaining wells retained on 
production. In JanuaiyfFebruaiy 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot continuesand startup of the steamflood was initiated in fall 1987. 

Project Cost: 	 Not Specified 

PROVOST UPPER MANNVILI.E HEAVY OIL STEAM PILOT PROJECT - Norcen Energy Resources Limited (T482) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre in-
verted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until December 31, 1986. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. 

All nine pattern welts 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
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PR SPRING PROJECT - Enercor and SOIV-EX Corporation, (E-485) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
avenge grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Sotv-Ex in its laboratories and pilot plant and has 
the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital and 
operating costs. Process optimization and scale-up testing is currently underway for the Soh,-Ex/Shell Canada Project which uses 
the same technology. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230947000 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC was abolished by Con-
gress on December 19, 1985 before financial assistance was awarded to the project. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and equity 
participation for the project are being sought. 

Project Cost:	 $158 million (Synthetic crude option) 
$90 million (Asphalt option) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives and Ministry of International 
Trade and Industry (T-520) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking-demetallation-cracking, was completed in 1984. Its capacity is 
5 barrels per day, and operation is continued to evaluate catalyst performance and also to obtain engineering data. I-Iydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. A 10 barrels per day pilot plant with suspended-bed reactor, designed by the 
M. W. Kellogg Company, was completed in 1985 and is in operation. 

Project Cost:	 Not Disclosed 

RAS GHARIB THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (F-527) 

The tar sand thermal pilot lies onshore in the Ras Gharib field on the West Coast of the Gulf of Suez, Egypt. Three wells, spaced 
approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Oharib covers an area of approximately 1,300 acres with an average thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million BTU per hour single pass steam generator was purchased. The first 3 cycles recovered nothing but water from the 300 
foot deep zone. A fourth attempt in 1986 included a monitor well which showed that the steam was over-riding the tar zone. 

Project Cost:	 Not Disclosed

SYNTHETIC FUELS REPORT, MARCH 1988 
3-51



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

R & I) PROJECTS (Continued) 

RTR PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (T-540) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second halt 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substantial 
reduction in waste volume. 
Pilot data indicate that the total RTR/Gulf process (extraction and tailings management) offers a substantial economic advantage 
over conventional hot water technology. This is particularly true for a remote plant in which energy requirements must be genera-
ted. 

Project Cost:	 Undisclosed 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (T-550) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and more 
recently in 1985. Engineering studies on commercial feasibility are continuing. 

Project Cost:	 Not Specified 

SOUTH KINSELLA (KINSELLA B) - Dome Petroleum Ltd., PanCanadian Petroleum, and Petit-Canada (T-565) 

The project is a test of oxygen combustion in a waterflooded field. The pilot consists of five wells drilled in an inverted five spot 
configuration with two observation wells. Oxygen injection began in April 1985 and both oxygen and water were injected. 
Problems with oxygen breakthrough have occurred and the pilot has been shut in. 

Project Cost:	 $4.5 million 

SUFFIELD HEAVY OIL PILOT . (SHOP) - Alberta Energy Company Ltd., 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 sand in the Upper Man-
nville formation which is underlain by water. The wells, including three temperature observation wells, were drilled during the 
summer of 1980. Completion of facilities construction occurred in the fall of 1981 and injection started in early 1982. AOSTRA 
holds a 50 percent interest in the project, Alberta Energy Company holds a 33.3 percent interest and Westcoast Petroleum holds a 
16.6 percent interest. 

The pilot fulfilled its technical objectives in 1986. The technology is now planned to be implemented in selected regions of the 
South Jenner field. 

Project Cost:	 $11 million (Canadian) 

TACIUK PROCESSOR PILOT - AOSTRA,tflte UMA Group Ltd. (17-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William Taciuk of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat ex-
change, cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of 
Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between two majors. The in-
formation agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the in-
formation generated by the project during the current phase.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

R & D PROJECTS (Continued) 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid miter, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

AOSTRA approved a $45 million, two-year extension to the project. The principal objective of this continuation is to carry out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant to be 
constructed and operated in the Athabasca region. 

Consultive participation by industry in this new phase of the project is invited. Interested parties should contact AOSTRA. 

Project Cost: 	 To Date:	 $5.3 million 
Outstanding.,	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TANGLEFLAGS NORTH - Sce ptre Resources Limited and Murphy Oil Company Ltd. (T-626) 

The governments of Canada and Saskatchewan are providing up to $3.8 million in funding under the terms of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

Proiect Cost: $10.2 million b y 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, to 
be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tri-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimroek--Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-mm Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conventions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost:	 Unknown
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

R & D PROJECTS (Continued) 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T-655) 

Ilusky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,000 acre section of the lease. 

Approximately 1,250 barrels per day of 80 percent quality steam are injected into each well Sth . Two portable natural gas-fired 
steam generators rated to 2,700 psi are in use at the pilot. Water for the steam generators will be provided by fresh water wells at 
the site. 

Preliminary estimates indicate that oil in place at the project area exceeds 500 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feel at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,500 md. Oil gravity is 10 degrees API with a viscosity of 100,000 cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated facilities. 
The project resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil prices. 

Project Cost: 	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA)(T-4t0) 

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process unit. The project in-
volves drilling two parallel vertical shafts. Horizontal tunnels off the shafts allow drilling of access wells to permit heated bitumen 
to flow by gravity into the tunnels. 

AOSTRA refers to the technology as Shaft and Tunnel Access Concept (SATAC). Injection and production wells, 500 to 
600 meters in length, will be installed in the oil sand by drilling horizontally from tunnels in the sand, or by drilling up and deviating 
to the horizontal from tunnels in underlying limestone. Recovery schemes which might be considered include steam assisted 
gravity drainage, electrical preheat, carbon dioxide steam flood, or solvent processes. 

A test site was selected 12 miles west of Syncrude with reserves on the lease estimated at 325 million barrels. Exploratory drilling 
was done in the winter of 1985/1986 to expand the data base. Construction of a 22 mile access road started early in January 1984. 
A $23 million contract was signed with Patrick Harrison and Company Ltd. and Saturn Process Plant Constructors Ltd. for the 
sinking of two 3-meter diameter vertical shafts and 300 meters of preliminary tunnel work. The shafts have been completed and 
approximately 1 kilometer of tunnel is in place. 

An innovative underground drilling machine has been designed and fabricated by Drill Systems for the project. After undergoing 
surface testing at E,haw, Alberta, the rig was moved to the UTF site and reassembled in the mine. It has nowdrilled the initial 
underground test wells.

be tested in conjunction with drilling tests. Two processes have been selected for testinr a steam-assisted 

Process facilities construction is com plete and steaming started on both tests in November, 1987. 

Project Cost: 	 $100 million 

WOLF LAKE OXYGEN PROJECT (Formerly Marguerite Lake Phase A) - BP Canada Resources, Petro-Canda p.390 

BP Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 whereby Hudson's Bay 
and PanCanadian joined BP in a pilot in situ project to produce 900 barrels per day bitumen from the Cold Lake heavy oil deposit 
of northeastern Alberta. At the end of 1985 the first phase of the project was completed. The second phase lasted from 1986 to 
April 1, 1987, when the project agreement expired. The project is located at 7-66-R5-W4M. In view of the earlier success of the 
Marguerite Lake 'B' Unit experimental test, a multi-well cyclic-steam test is bein g conducted in the BlO reservoir. The test is being 
carried out in a maintenance satellite of the Wolf Lake project. However, the test is considered to be experimental since no prior 
multi-well cyclic-steam stimulation has been carried out in this formation. Also, some of the wells in this pad are testing the 
producibility of other sands in the B-Unit. The project utilizes cyclic steam stimulation followed by in situ combustion in the Man-
nville "C" zone at a depth of about 450 meters. The pilot initially consisted of four 5-spot well patterns with 5-acres per well spacing, 
plus four "out-of-pattern" test wells. Five mElt wells were drilled in 1981 and live additional mull wells were drilled in 1984. Initial 
steam injection (Phase A) commenced in mid-1978 and continued through the mid-1980s. Preliminary testing of the in situ com-
bustion stage began in several special test wells located immediately adjacent to the main pilot wells, using air. Oxygen injection was 
successfully tested on an experimental basis in March 1983, and the main pilot area was converted to oxygen injection in October 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1987) 

R & D PROJECTS (Continued) 

1983. The current phase will further develop the combustion process so that it can be taken into the Wolf Lake Project in the 
1990s. Combustion will continue until 1989. 

(See Wolf Lake Project listed in commercial projects.) 

Project Cost:	 $50 million (Canadian) 

YAREGA MINE-ASSISTED PROJECr— Union of Soviet Socialist Republics (r-665) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Avenge permeability is 3.17 mKm2. Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 1.5 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. Over the past 15 years, 10 million tons of steam 
have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under-
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cost:	 Not Disclosed
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COMPLETED AND SUSPENDED PROJECTS 

Prolect Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. December 1983; page 3-56 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil	 - 
University of Utah 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor December 1986; page 343 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova March 1987; page 3-29 
Petro- Canada 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 342 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources December 1979; page 3-31 

Deepsteam Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-51 
Development Project 

Ipiatik Lake Project Alberta Energy Company and December 1986; page 3-63 
Petro-Canada
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Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 3-43 
Westcoast Petroleum 

Meota Steam Drive Project Conterra Energy Ltd June 1987; page 3-60 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porla-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 343 

R. F. Heating Project lIT Research Institute March 1983; page 343 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project Soh,-Ex Corporation March 1985; page 3-45 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 3-43 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

200' Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Ortanization Project Name 

Alberta Energy Company Syncrude Canada Ltd. 3-42 

Alberta Oil Sands Equity Oslo Group 3-39 
Syncrude Canada Ltd. 342 

Alberta Oil Sands Technology ABC Cold Lake Pilot 343 
and Research Authority (AOSTRA) Athabasca In Situ Pilot Plant 3-43 

Donor Refined Bitumen Process 346 
CUSP Project 3-47 
Marguerite Lake B" Unit Experimental Test 349 
Taciuk Process Pilot 3-52 
Underground Test Facility Project 3-54 

Amoco Canada Ltd. Elk Point 3-37 
CUSP Project 3-47 

Amoco Production Company Sunnyside Project 341 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 3-43 

BP Resources Canada Ltd. Jet Leaching Project 348 
Marguerite Lake B Unit Experimental Test 3-49 
Wolf Lake Project 3-42 
Wolf Lake Oxygen Project 3-54 

California Tar Sands Development Corp. California Tar Sands Development Project 3-35 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 344 
Technology 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-47 
PCFJ Project 3-50 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 342 
Hanging Stone Project 3-48 
Oslo Group 3-39 

Canadian Reserve Oil & Gas Ltd. Eyehill In Situ Steam Project 347 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 3-45 

Canterra Energy Ltd. Athabasca In Situ Pilot Project 3-43 
Battrum In Situ Wet Combustion Project 344 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 344 
Underground Test Facility Project 3-54 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Pilot 3-43 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-38 

Devran Petroleum Ltd. Sarnia-London Road Field Mining Assisted Project 340 

Dome Petroleum Canada Ltd. Lindbergh Commercial Project 3-38 
Lindbergh Thermal Project 349 
Morgan Combination Thermal Drive Project 3-50 
Primrose Lake Commercial Project 340 
South Icinsella (Kinsella B) 3-52 

Enercor PR Spring Project 3-51 

Enpex Corporation Enpex Syntaro Project 3-46
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Company or Organization Proiect Name 

Esso Resources Canada Ltd. Cold Lake Project 3-35 
Esso Cold Lake Pilot Projects 3-46 
Oslo Group 3-39 
PCEJ Project 3-50 
Syncrude Canada Ltd. 3-42 
Hanging Stone Project 3-48 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-51 

GNC Tar Sands Corporation Sunnyside Tar Sands Project 341 

Greenwich Oil Corporation Forest Hill Project 3-38 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 346 
Oslo Group 3-39 
Pelican.Wabasca Project 3-50 
Sandalta 3-52 
Syncrude Canada Ltd. 3-42 

UBOG Oil Sands Partnership Syncrude Canada Ltd. 3-42 

Home Oil Company Sandalta 3-52 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-44 

Husky Oil, Ltd. Baltrum In Situ Wet Combustion Project 3-44 
Bi-Provincial Project Upgrader Facility 3-35 
Tucker Lake Pilot Project 3-54 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-51 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-50 
Hanging Stone Project 348 

Kenoco Corporation Kenoco Project 349 

Kirkwood Oil and Gas Company Circle Cliffs Project 345 
Tar Sand Triangle 3-53 

L'Association pour Ia Valorization Donor Refined Bitumen Process 346 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 344 
Celtic Heavy Oil Wet Combustion 345 
Cold Lake Steam Stimulation Program 3-45 
Fasterton N.W. In Situ Wet Combustion 3-47 
Iron River 348 
Sandalta 3-52 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-47 
Undbergji Commercial Thermal Recovery Project 3-38 
Lindbergh Steam Project 3.49 

NewOrade Energy Inc. NewGrade Heavy Oil Upgrader 3-38 

Norcen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-50 

Ontario Energy Resources Ltd. Succor, Inc. 3-41 

ORS Corporation Electromagnetic Well Stimulation Process 3-36 

PanCanadian Petroleum Elk Point Oil Sands Project 3-37 
Oslo Group 3-39 
South Kinsella (Kinsella B) 3-52 
Syncrude Canada Ltd. 342
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Company or Ortanization Proiect Name 

Fartec Lavalin Inc. CANMI3T Hydrocracking Process 3-44 

Petro-Canada CANMET Hydrocracking Process 3-44 
Daphne Project 3-36 
GUSP Project 347 
Hanging Stone Project 348 
Marguerite Lake B Unit 3-49 
Oslo Group 3-39 
PCEJ Project 3-50 
South Kinsella (Kinsella B) 3-52 
Syncrude Canada Ltd. 3-42 
Wolf Lake Project 342 
Wolf Lake Oxygen Project 3.54 

Research Association for RAPAD Bitumen Upgrading Project 3-51 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-52 

Saskatchewan Government Newflrade Heavy Oil Upgruder 3-38 

Saskoil I3attrum In Situ Wet Combustion Project 3-44 

Shell Canada Resources, Ltd. Athabasca Project 3-35 
Peace River Complex 3-39 
Sarnia-London Road Field Mining Assisted Project 340 
Scottford Synthetic Crude Relinety 3-41 

Solv-Ex Corporation Athabasca Project 3-35 
PR Spring Project 3-51 

Southworth, Ray M. Enpex Syntaro Project 346 

Suncor, Inc. Port Kent Thermal Project 347 
Suncor 3-41 

Sun Oil Company Suncor, Inc. 3-41 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 343 

Texaco Inc. Diatomaceous Earth Project 3-36 

Texas Tar Sands, Ltd. Enpex Syntaro Project 3-46 

Triad Engineering Services Ltd. PR Spring Project 3-51 

Ucntech Corporation Electromagnetic Well Stimulation Process 3-36 

Underwood McLellan & Associates Taciuk Processor Pilot 3-52 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-44 
Grosmont Thermal Recovery Project 348 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-55 

Whittier, M. H. Enpex Syntaro Project 346 

Worldwide Energy Fort Kent Thermal Project 3-47
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PROJECT ACTIVITIES 

BIDDERS FOR GREAT PLAINS PLANT IDEN'flFIEI) 

The	 United	 States Department	 of Energy (DOE) 
released	 the	 names of	 organizations that	 have	 ex-
pressed	 an	 interest in	 purchasing	 the	 Great Plains 
Coal	 Gasification	 Plant	 In	 Mercer County, North 
Dakota.

Fifteen prospective purchasers responded to DOE's re-
quest for statements of interest in acquiring the 
facility. 

The fifteen are: 

Amoco Corporation 
Chicago, Illinois 

Basin Electric Power Cooperative 
Bismarck, North Dakota 

Beta Pipeline & Equipment Inc. 
Midland, Texas 

Burlington Northern Inc. 
Seattle, Washington 

Carbontec Corporation 
Crosby, Minnesota 

CMS Energy 
Jackson, Michigan 

The Coastal Corporation 
Houston, Texas 

Complete Energy Petroleum Inc. 
Baldwin, New York 

FilM Energy Inc. 
Xenia, Ohio 

Industrial Engineering Services 
Belmont, New York 

International Investment Bankers Inc. 
Washington, D.C. 

Irving A. Backman 
Boston, Massachusetts 

MAPCO, Inc. 
Tulsa, Oklahoma 

NACCO Industries Inc. 
Cleveland, Ohio 

Seagull Energy Corporation 
Houston, Texas 

DOE decided to release the names of prospective 
buyers after It decided that disclosure would not 
jeopardize a fair and open,	 competitive sales

process. Release of the names, the department said, 
would also assure plant employees and local citizens 
that there are high-quality, competent organizations 
Interested in keeping the Great Plains facility 
operating. 

The Energy Department's Assistant Secretary for Fos-
all Energy, J. Allen Wampler, said, "Our decision to 
identify the interested organizations Is meant to 
send a strong signal to the local communities, which 
depend on the Great Plains plant for much of their 
economic livelihood, that prospects for continued 
plant operations are very positive. The significant 
number of highly competent organizations that appear 
on the list should reinforce optimism that a sale can 
be fashioned in a way that will keep Great Plains 
operating well into the foreseeable future." 

The Energy Department, along with its financial ad-
visor, Shearson Lehman Brothers Inc., is currently 
reviewing the preliminary offers. In January, site 
tours and detailed briefings were given for the 
prospective purchasers who will then be expected to 
submit formal purchase proposals. The Energy 
Department will then enter negotiations to finalize 
the purchase proposal It considers most attractive. 

The Energy Department acquired title to Great Plains 
in 1985 after the original plant sponsors defaulted 
on $1.5 billion in federal loan guarantees that had 
been used to construct the $2.1 billion facility. The 
department hopes to complete the process of return-
ing the plant to private sector ownership by Sep-
tember 1988. 

ENERGY D(TERNAflONAL UCG PROJECT STARTS RACING 
THE CLOCK 

Under Public Law 99-190, the Clean Coal Technology 
(CCT) Program, one of the selected projects is an 
underground coal gasification (UCG) demonstration 
project proposed by Energy International, Inc. (El). 
If the demonstration project is successful, El plans 
to continue operations at the demonstration site 
resulting in immediate commercial utilization of the 
demonstrated technology. 

The work to be performed under the Cooperative 
Agreement covers the design, 	 construction,	 and 
operation of the demonstration plant. This project 
Is estimated to cost $70,115,454 with the government 
share being $11,792,362. 

The specific objective of this project is to conduct 
a commercial scale demonstration of steeply dipping 
bed UCG to provide synthesis gas for a small, com-
mercial ammonia/urea plant. 
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Energy International will design, fabricate, Install, 
operate, and monitor the performance of a small, 
commercial ammonia/urea plant which will be sup-
plied with synthesis gas produced by UCG at the In-
dian Springs site near Rawlins, 	 Wyoming (see 
Figure 1). The Indian Springs site is located in 
Carbon County, Wyoming, approximately eight miles 
west of Rawlins, Wyoming, and two miles north of 
Interstate 80. The plant will be located on Section 
it, of T2IN, 1189W, which contains the coal resource 
to be used. Both surface and mineral rights of 
Section 11 are owned by Union Pacific Resources 
Company and will be leased by El. 

Project Description 

In this project, a demonstration of the steeply dip-
ping bed underground coal gasification technology 
will be carried out using subbituminous coal deposits 
In Wyoming. The demonstration facility will be at 
the same general Location (Rawlins, Wyoming) as pre-
vious tests sponsored by the Department of Energy 
(DOE), and will operate for 12 months, gasifying 500 
to 1,000 tons of coal per day to produce 24 to 
48 million standard cubic feet per day of UCO 
product gas. This gas will then be used to produce 
450 tons of urea and 90 tons of ammonia per day. 
The feedstock gas for the ammonia/urea plant will 
be produced using two UCG modules operating simul-
taneously.

In this application, a module is an area In the coal 
bed containing the gasification reaction zone and the 
necessary injection and production wells which would 
comprise a single process unit in a commercial plant. 
Each UCG module consists of two steam/oxygen in-
jection wells and one producer well located above 
the two injection wells. After combustion is in-
itiated, gasification will continue until exhaustion of 
the module. The produced gas will successively flow 
to heat exchange equipment, a gas/liquid separation 
unit, a sulfur removal unit, and then to conventional 
ammonia and urea synthesis units (see Figure 2). 

The plant will initially operate on natural gas for 
startup purposes and then switch to UCG gas when 
stable operation of the UCG module is established. 
The small-scale commercial plant, of which the 
proposed demonstration represents the first two suc-
cessive UCG modules, will continue operating for ap-
proximately 10 to 15 years. 

UCG Proce 

Underground coal gasification is the process by 
which coal is burned underground (in situ) and the 
heat generated by the oxidation pyrolytically decom-
poses and gasifies additional coal to produce com-
bustible gases. As the coal is consumed, a cavity 
develops in the coal seam. 

From 1979 to 1081, Gulf Research and Development 
Company conducted two UCG tests for the Depart-
ment of Energy in a steeply clipping coal bed near 
Rawlins, Wyoming.	 The seam was 23 feet thick, 
dipped 63 0 , and outcropped at the surface. Linking 
for the tests was completed by directional drilling. 
In both tests, the injection wells were lower in 
elevation than the production wells. The process is 
shown schematically in Figure 3. 	 The first Rawlins
test used a combination of air and steam and 
oxygen injection gases. The cavity was ap-
proximately 400 feet below ground level. The injec-
tion pressure was varied from about 70 to 115 psig 
and product gas heating value varied from about 
150 BTU per standard cubic foot (air only) to 
250 BTU per standard cubic foot (steam/oxygen). 
The second Rawlins test was conducted at ap-
proximately 600 feet depth and peak injection pres-
sures were nearly 160 psig. Steam and oxygen were 
the only Injection gases used.	 During one 19-day 
period of operation, product gas heating values 
averaged 356 BTU per standard cubic foot, the 
highest obtained in any United States UCG experi-
ment to date. The reasons given for the success of 
this test are that the higher cavity pressure in-
creased methane production (concentrations as high 
as 24 percent) and a IJCG cavity formed in a 
steeply dipping bed more efficiently utilizes the 
coal. 

Energy international obtained the rights to the Gulf 
Technology and will be applying it at the Rawlins 
site. Work started on the project in October. 

Energy International applied last October for its en-
vironmental permit from the Wyoming Department of 
Environmental Quality. The company is preparing to 
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FIGURE 2 

FLOW SCHEME FOR ENERGY INTERNATIONAL PROJECT 
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file Its application for an in situ mining permit. 
Meanwhile, drilling of monitoring wells has begun, 
and geological, hydrological and environmental assess-
ments are well tinder way. 

Aiaut 30 government and Industry observers visited 
the site In late January. Despite severe winter 
weather conditions, Energy International Is proceeding 
on a rigid construction schedule so it will he able 
to take advantage of the still existing alternate 
energy tax credit.	 To get the tax break, the
project must be up and running by December 31, 
.1989. 

Energy international is moving an existing 420 ton 
per day anhydrous ammonia plant from Columbia, 
Georgia. By reconstructing the plant In the exact 
configuration It Is now, the company estimates it 
can save 50 to 60 percent over building it new. It 
has also hired personnel who worked at the plant 
before, and will be thoroughly familiar with the 
operation.

#4fl 
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ROCKY MOUNTAIN I TEST COMPLRTES HIGHLY 
SUCCESSFUL 100-DAY BURN 

Rocky Mountain 1 Is an underground coal gasification 
(UCG) research and development test. The test 
began in November 1987 and operated for 100 days. 

The RM-1 Test Is jointly sponsored by the United 
States Department of Energy (DOE) and an industry 
consortium which Is headed by the Gas Research In-
stitute (CR!), and includes Amoco Production Com-
pany, Electric Power Research Institute (EPRi) and 
Union Pacific Resources Company. Stearns-Roger 
Division of United Engineers & Constructors Inc. is 
the prime contractor with Lawrence Livermore Na-
tional Laboratory, Western Research Institute and 
Energy International, Inc. participating as project 
team members.

The	 total	 $13	 million	 budget	 for the	 test was 
provided	 approximately	 45 percent by	 DOE and 
55 percent by CRi.	 Amoco contributed	 $500,000 and 
EPRI	 $250,000,	 while	 Union Pacific contributed the 
cool resource.

The site location near Hanna, Wyoming Is shown in 
Figure i. The Rocky Mountain 1 Test was set up to 
gasify the Hanna No. 1 Coal Seam which Is ap-
proximately 30 feet thick, 350 feet deep and dips at 
an angle of four degrees along the well path. Two 
different 0CC technologies were demonstrated simul-
taneously at the RM-1 Test, the extended linked 
well (ELW), and the controlled retracting injection 
point (CRIP). 

FIGURE 1 

TEST BURN LOCATION ROCKY MOUNTAIN I PROJECT 
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FIGURE 4 

PLAN VIEW OF UCG MODULES 
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Primary objectives of the Rocky Mountain 1 Test 
were to obtain data for economic evaluation and 
commercial design and to establish resource recovery 
parameters. The final objective is a ground water 
restoration program to prove the feasibility of 
mitigating the environmental impact of the UCG 
technology. 

Side-by-side modules tested both the ELW (Figure 2) 
and CHIP (Figure 3) techniques. The modules are 
shown in plan view in Figure 4. 

The CRIP method involves placing an ignitor in a 
burnable lining placed horizontally in the coal seam. 
The coal is ignited, and combustion is continued with 
the Injection of oxygen and steam. Gas exits one 
of two production wells. When combustion falls off, 
the ignitor Is pulled back, or retracted, and the 
liner housing is burned through to create a new In-
jection point. The process is repeated in successive 
maneuvers until the entire seam is gasified. 

The ElM method entails more conventional UCG tech-
nology whereby one vertical injection well is drilled 
for each burn zone. 

Three CRFP burns and two ELW burns were planned 
as shown in Figure 4.
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FIGURE 1 

SITE LOCATION FOR COAL/OIL 
CO-PROCESSING PLANT 

WARREN, OHIO 
CO-PROCESSING PLANT 

The test was expected to result in an average daily 
consumption of 100 tons of coal for each of the 
two technologies. Project managers said at an open 
house in January that the GRIP method is much more 
efficient so far than the ELW method. 

Project personnel have been extremely enthusiastic 
about performance to date. There have been no 
equipment failures of any consequence. 

Whether commercial projects can be built depends in 
part on whether the Wyoming Department of Environ-
mental Quality gives Rocky Mountain 1 a clean bill 
of environmental health. Rocky Mountain 1 has the 
most extensive environmental monitoring of any 1JCG 
test to date. To curtail contamination and to prove 
that UCG can be conducted safely, project sponsors 
Included an environmental program that will examine 
both prevention of contamination and post-burn 
cleanup.	 The Western Research institute (WRI), is
doing the work. 

Groundwater tests have shown that some contamina-
tion occurred early in the test, when steam was 
being injected at high pressures, causing a bubble of 
gas to expand into the aquifer. Will recommended 
that pressure be reduced and the gas bubble began 
shrinking. 

The site has several closely spaced monitoring wells, 
from which samples are taken every 10 days, more 
often if high levels of contamination are found. 
The key to keeping groundwater contamination to a 
minimum is maintaining a pressure in the burn cavity 
lower than hydrostatic pressure. 

Groundwater cleanup procedures include venting and 
flushing the coal cavities after gasification, while 
maintaining the cavity pressure at less than hydros-
tatic. In that way, influxing groundwater will main-
tain contaminant transport into the cavity for eon-
(inement. 

Plans are to remove and treat two cavity volumes 
of water. Treatment will include tar, oil, and water 
separation, coagulation/sedimentation, filtration, car-
bon adsorption, and disposal of the treated water. 

41*1111 

0010 ONTARIO CLEAN FUELS PROJECT REPORT SENT 
TO CONGRESS 

One of the requirements of the United States Clean 
Coal Technology program (CCT) being carried out un-
der Public Law No. 99-190 is that the Department 
of Energy submit a comprehensive report to Congress 
on any project selected for cooperative funding un-
der the CCT program.	 One of the first projects 
selected was Ohio Ontario's proposed coal/oil 
coprocessing demonstration plant. The comprehensive 
report to Congress describes the technical features 
of the project in a general way.

Project Dosatpticm 

The Ohio Ontario Glean Fuels, Inc., project will 
demonstrate a technology that produces clean liquid 
fuels from high-sulfur, high-nitrogen, Ohio bituminous 
coal, and poor-quality petroleum residuum. This 
project is intended to demonstrate the technical, en-
vironmental, and economic advantages of coprocessing 
coal and residual oil versus the utilization of these 
resources separately. 

The prototype commercial plant for this demonstra-
tion will produce approximately 7,250 barrels per day 
of middle distillate and 4,500 barrels per day of 
naphtha for a total liquid fuel production of 
11,750 barrels per day. Other fuel products include 
approximately 340 barrels per day of propane, 
190 barrels per day of butane, and 185 tons per day 
of flaked bottoms. Other products also include 
57 tons per day of sulfur and 14 tons per day of 
ammonia. The main iced materials will be 800 tons 
per day of high-sulfur Ohio Mo. 	 5/6 coal and
8,675 barrels per day of Cold Lake heavy crude oil. 

The demonstration will be conducted at the partially 
utilized site of a currently active steel distribution 
facility.	 This site is serviced by oil and gas 
pipelines and other important utilities.	 it Is located
near Warren, Ohio (Figure 1). 

Project Sponsorship and Cost 

Co-funders of the project include the United States 
Department of Energy, the State of Ohio, Stone and 
Webster Engineering Corp., Air Products and Chemi-
cals, Inc., Canadian Occidental Petroleum, Ltd., The 
Electric Power Research Institute, various equipment 
vendors, and Merrill Lynch. 
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The estimated project cost is $225,674,805, which 
will be shared 80.1 percent by the participants and 
19.9 percent by the Department of Energy 

Overview of Process Development 

The production of heavy oils is costly due to the 
accompanying use of steam and chemicals necessary 
to make the oil flow from underground. Once 
brought to the surface, the heavy oil requires ex-
pensive processing to remove metals, sulfur, and 
nitrogen to produce a light oil equivalent. As a 
result, most such heavy oils are used for asphalt 
production, because they are too costly to process 
to a quality equivalent to conventional crude oil. 
To combat this cost penalty, it was recognized that 
more economic processing would result through 
blending low cost coal into available heavy oil and 
extracting the resultant upgraded products. 

The economic incentives of this type of process 
were demonstrated in early development work. The 
Initial commercial development of the coprocessing 
technology began over thirty years ago when 
Hydrocarbon Research, Inc. (Hal) started to develop 
their patented If-Oil Process.	 The i1-Oil Process 
uses an ebullated-bed reactor to catalytically 
upgrade residual and heavy oils, and has been used 
commercially for more than twenty years. 

As the If-Oil Process moved toward commercializa-
tion, development of the Il-Coal Process for coal U-
quefaction began. This occurred about twenty years 
ago.	 Like the H-Oil Process, the H-Coal Process 
uses the ebullated-bed reactor. 	 However,	 the
U-Coal Process Is used to convert coal into liquid 
fuels. Development of the If-Coal Process cul-
minated in the construction and operation of a 
250 tons per day pilot plant at Catlettsburg, Ken-
tucky. This plant operated successfully under the 
Department of Energy and Industrial sponsorship from 
early 1980 to late 1982. 

Recent work has focused on a third-generation coal 
liquefaction process that uses a two-stage reaction. 
The two-stage process uses two ebullated-bed reac-
tors connected In a series arrangement and results 
in higher product yields and better quality liquids, 
and also allows the process to operate at a lower 
temperature and pressure. 

This work led to the development of the coprocess-
ing technology, which allows coal and heavy oils to 
be processed simultaneously to produce clean liquid 
fuels as the primary products in a more cost effec-
tive manner. 

The first tests run specifically to process coal/oil 
mixtures took place in 1974, and they demonstrated 
the feasibility of coprocessing. In all, over 
4,000 hours of bench-scale tests have been run with 
coal/oil mixtures. Most of these tests used a single 
ebullated-bed reactor. However, over 1,200 hours of 
recent coprocessing bench-scale tests used the two-
reactor system that is proposed for demonstration in 
this project.

Feasibility tests were undertaken in 1976, 1980 and 
1982 to examine the merits of coprocessing. OOCF 
(Ohio Ontario Clean Fuels) received financial support 
commencing in 1983 from the Ohio Coal Development 
Office (OCDO). As a result of the OCDO and early 
Electric Power Research Institute (EPRI) support, con-
tinuous pilot plant operations were conducted In 
facilities at Kerr McGee, Crescent City, Oklahoma. 
Simultaneously, laboratory work was also being con-
ducted In other locations. 

Recently completed test programs at HRI that were 
cosponsored by EPRI, Ontario-Ohio Synthetic Fuels 
Corp. Ltd. (affiliated with OOCF), Alberta Research 
Council, OCDO, Dyn Corp., and Canadian Occidental 
Petroleum, Ltd. were conducted to accomplish the 
following tasks: 

- Feedstock characterization 
- Reactivity screening 
- Continuous bench-scale operations 
- Product characterization 
- Economic screening 
- Commercial planning 

The results of these tests formed the data base for 
this prototype project. 

Process Description 

This demonstration project is a grass-roots plant, 
which Is a fully Integrated chemical process facility. 
An overall block flow diagram Is shown in Figure 2. 

In the Coal Preparation Area (100), the raw coal 
feedstock Is received, less than 30 mesh. 

The other feedstock, Cold Lake crude oil, is received 
In the Atmospheric Distillation Area (300) and 
pumped to a standard distillation unit that operates 
at atmospheric pressure. The naphtha and distillate 
are then upgraded in the Naphtha Hydrotreating 
Area (500) and the Distillate Hydrotreating 
Area (600) of the plant. The residual heavy oil is 
pumped to the Coprocessing Area (200), where It is 
mixed with coal and recycle solvent. 

The Coprocessing Area (200) is shown In detail In 
Figure 3. 

Coprocessing starts by mixing prepared coal, atmos-
pheric bottoms, and a recycle solvent generated 
within the Coprocessing Area in approximately equal 
parts in the slurry preparation tank. The mixture is 
then raised to pressure by special slurry pumps and 
flows through a gas-fired heater to raise Its tem-
perature, and then on to the first of the two 
ebullated-bed reactors. This series arrangement of 
the two reaction vessels allows for operation at 
relatively mild conditions. 

The hydrogen used in the process is combined with 
the slurry mixture and is injected into the reaction 
vessels.	 The hydrogen is also heated in a fired 
heater before It is utilized. The production of 
hydrogen to satisfy the process requirements Is ac-
complished within the plant. 

4_7	 SYNTHETIC FUELS REPORT, MARCH 1988



FIGURE 2

PROTOTYPE COMMERCIAL COAL/OIL CO-PROCESSING PLANT 
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FIGURE 3 

COAL/OIL CO-PROCESSING AREA 
RE CYCLE HYDROGEN 
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The material leaving the second reactor is subjected 
to a series of process steps that lower the pressure, 
reduce the temperature, and separate the various 
reaction products. The heavy oil/coal/ash containing 
slurry strea,n is Introduced to a vacuum distillation 
cI)lunn. 

The vacuum bottoms material contains unconverted 
residual oil and the unreacted coal and ash, and it 
is sent to the Bottoms Processing Area (1100). In 
this area the material is cooled and solidified to 
form solid flakes, which are used as a boiler fuel to 
produce steam. 

This project is intended to demonstrate the techni-
cal, environmental, and economic viability of 
coprocessing coal and petroleum-derived residual oil 
to produce clean liquid fuels at a commercial scale. 
The	 coprocessing system,	 that	 contains two 
ebullated-bed reactors,	 constitutes	 the central 
process section In this project. All ancillary 
processes that will be utilized in the plant are 
well-established commercial operations. 

Specifically, this demonstration of the process will 
prove that Ohio Nos. 5 and 6 coal can be liquefied 
and the products upgraded while simultaneously 
upgrading Cold Lake crude oil residua. It will also

demonstrate that the products can be used directly 
as clean boiler fuel or readily upgraded to transpor-
tation fuels in a conventional refinery. 

APPALACHIAN PROJECT TO PROVE OUT ERIN GASIFIER 

Under the Clean Coal Technology Program, the United 
States Department of Energy will provide cooperative 
funding to the Appalachian project. A comprehensive 
report on the project was delivered to Congress in 
December, 1987. 

The objective of the Appalachian Project is to 
demonstrate an efficient, economical, and environ-
mentally superior method of generating electric 
power from coal. The work to be performed under 
the Cooperative Agreement includes the design, con-
struction, and operation of the demonstration plant. 
The project is estimated to cost $243,837,000 with 
the	 government	 share	 being	 $87,528,500,	 or 
36 percent.	 The project sponsors are the
M. W. Kellogg Company and Bechtel Development 
Company.	 Construction is scheduled to begin by
mid-1989 with the two-year operating phase starting 
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In mid-1991. Operation of the plant during the 
two-year demonstration period will provide the infor-
mation and experience needed for system commer-
cialization. 

The location of the Appalachian Project plant is 
shown in Figure 1.	 A nominal 60 megawatts 
(electric) advanced integrated coal gasification 
combined-cycle (lace) plant will be designed, built, 
and operated in Somerset County, Pennsylvania, to 
demonstrate the commercial viability of this ad-
vanced power generation system. 

A fluidized-bed gasifier will be designed to convert 
551 tons per thy of local bituminous coal to fuel 
gas for delivery to a combined-cycle power genera-
tion block which will feed a utility power grid. 
New hot gas cleanup technology will permit delivery 
of the gas to the combustion turbine at a tempera-
ture in excess of 1,000 0 F, avoiding the thermal 
penalties encountered with conventional cold gas

cleanup systems. Exhaust from the gas turbine will 
generate steam for additional power production 
utilizing a conventional steam turbine. Operation of 
the plant during a two-year demonstration period 
will provide the information and experience needed 
for system commercialization. 

The site of the Appalachian Project is the 
Quemahonlng industrial Park approximately 12 miles 
south of Johnstown. This region, once the coal and 
steel heartland of Pennsylvania, has experienced high 
levels of unemployment and is In need of new In-
dustries. The 120-acre site Is part of an industrial 
park which already includes a large steel fabricating 
facility. Essential infrastructure services are avail-
able, Including water, natural gas, rail and highway 
access, electric service, and sanitary waste disposal. 

The Appalachian Project utilizes the KRW fluidized -
bed gasification technology, which is capable of 
economically and efficiently utilizing all United 

FIGURE 1 
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States coals. it Is specifically designed to utilize 
coals found in the major bituminous coal fields of 
Pennsylvania, West Virginia, Kentucky, and Ohio. The 
KRW process development unit gasifier at the Waltz 
Mill site near Madison, Pennsylvania, has been suc-
cessfully operated with representative coals from 
these areas (Pittsburgh 8, West Virginia, Ohio 9, Kit-
taning, Freeport, Clarion, and Kentucky 9) as well as 
with bituminous coals from the mid-continent 
(Illinois 6) and with lignites and subbituminous coals 
from Texas, Utah, Wyoming, and North Dakota. 

The Appalachian Project Is conceived to be second-
generation IGCC technology. By using an air-blown 
gasifier (which consumes less auxiliary power than an 
oxygen-blown system), hot gas cleanup, and an in-
novative tail gas treatment processing scheme, the 
concept offers the potential of providing higher 
thermal efficiency and superior environmental pert or-
manee when compared to first-generation systems. 
In addition, Its standardized, modular design and 
simple process configuration are expected to yield 
significantly lower engineering and equipment costs. 

The project integrates a number of technologies fos-
tered by the Department of Energy. Among these 
are the KRW Energy Systems fluidized-bed gasifier, 
In-bed desulfurizatlon using limestone sorbent, and 
zinc ferrite sulfur removal from a hot gas stream. 
The Department of Energy and Its predecessor 
agencies	 have	 supported development	 of	 this 
fluidized-bed gasification technology since 1972. 
Construction of a one ton per hour process develop-
ment unit (PDU) was completed in 1975 at 
Westinghouse's Waltz Mill Facility near Madison, Pen-
nsylvania. It has operated with government support 
since that time, accumulating over 11,000 hours of 
gasifier operation on a wide variety of United States 
coals. 

During the period from 1984 to 1986, the addition 
of dolomite and limestone to the gasifier bed for in 
situ sulfur removal was successfully demonstrated at 
the P013. These tests Indicated that 85 to 
90 percent sulfur removal efficiencies could be 
routinely achieved while using coal feedstocks con-
taining two to 4.5 percent sulfur. In addition, the 
use of these sorbents in the gasifier was found to 
Increase the product gas heating value while 
decreasing the production of ammonia, a major con-
tributor to NOx emissions. 

In 1986, operation of a full-stream zinc ferrite sul-
fur re moval unit was begun at the Waltz MW P013. 
This regenerable sorbent Is capable of removing sul-

fur components In a hot gas stream to a level of 
less than 10 parts per million. 	 When coupled with 
In-bed desulfurization, sulfur removal efficiencies 
greater than 99.5 percent can be achieved with this 
hot gas cleanup technology. 

Process Description 

The two major components of the plant are the 
gasification Island and the power island (Figure 2). 
In the gasification process, crushed and sized coal 
and limestone (551 and 126 tons per day, respec-
tively) are fed through a central feed tube into the 
bottom of a KEW pressurized fluidized-bed, ash-
agglomerating gasifier along with air and steam 
(1,728 and 190 tons per day, respectively). At a 
temperature of 1,800 0 F and a pressure of 
285 pounds per square inch, the coal is gasified by 
reacting with the air and steam to form a low-BTU 
gas composed essentially of carbon monoxide, 
hydrogen, and nitrogen. Over 90 percent of the 
sulfur In the raw gas Is removed by limestone sor-
bent is the gasifier bed. Hot particulates are then 
removed by cyclone separators and a hot filter at 
temperatures of 1,200 0 F and the balance of sulfur 
cleanup is accomplished by the external bed of zinc 
ferrite sorbent. Thus the process delivers a hot 
clean fuel gas from the fuel block that is well 
within environmental emission requirements and tur-
bine fuel gas contaminant limits. Regeneration tail 
gas from the external zinc ferrite dcsulfurizer Is 
recycled to the gasifier where sulfur compounds in 
the tail gas are removed by the limestone in the 
gasifier bed. Spend limestone and agglomerated ash 
(175 tons per day combined) are removed from the 
bottom of the gasifier and transported to a 
fluidized-bed sulfator in which the calcium sulfide 
formed during sulfur capture is converted to more 
environmentally benign calcium sulfate. 	 These solid
wastes are then disposed of by landfill. 

In the power block, the clean, low-IITU fuel gas is 
fed to a combustion turbine generator designed to 
accept the gas delivered at 1,000 0 F and combust it 
In a multifuel combustor. Steam produced by heat 
recovered from the turbine exhaust and from the 
gasification Island heat recovery system is used to 
generate additional electric power in a non-reheat 
steam turbine-generator. 	 Of the 66.8 megawatts
(electric) gross output, 39.6 megawatts (electric) is 
produced	 by	 the	 combustion	 turbine	 and
27.2 megawatts (electric) by the steam turbine. Ap-
proximately 3.3 megawatts (electric) of the generated 
power is used on site and 63.5 megawatts (electric) 
is provided to the utility power grid. 
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FIGURE 2 
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CORPORATIONS 

BASIN aRaBIC CONSIDERS BID FOR GREAT PLAINS 
PLANT 

Basin Electric Power Cooperative is proceeding with 
studies of the merits of purchasing the Great Plains 
coal gasification plant. 

Basin Electric's membership set the course for inves-
tigating the gasification plant purchase at the 
Cooperative's annual meeting in November. Delegates 
attending the meeting voted to authorize continued 
investigation into purchase of the plant. 

The delegates also passed an amendment to the 
Cooperative's bylaws that allows Basin Electric to 
form one or more subsidiary organizations if neces-
sary to coincide with any move to engage in other 
business. This is one of several measures that Basin 
Electric would take to insulate its member systems 
to the greatest extent possible from liability relating 
to the gasification plant. 

Delegates further specified that before any final 
decision would be made to purchase the gas plant, 
the matter would have to be brought before Basin 
Electric's members for a vote. 

Basin Electric's interest in the gas plant is closely 
related to the Cooperative's major goal of maintain-
ing stable rates for wholesale electric power. The 
main concern of the Cooperative is to protect mem-
bers from extensive costs that might be incurred if 
the gasification plant would be shut down. 

The Antelope Valley generating station (AVS), which 
is part of the Basin Electric power supply system, 
shares water supply, water treatment, coal handling, 
rail and transmission facilities with the gasification 
plant. The AVS also supplies a large block of 
electric power required for the gasification plant to 
operate.	 Basin Electric and the gasification plant 
also realize economies from large-scale joint 
development of the Freedom Mine which supplies lig-
nite for operations at AVS and the gasification 
plant. 

Basin Electric's principal objective is to ensure 
long-term operation of the plant, thereby protecting 
these investments, revenues and economies worth 
about $37 million annually to the Cooperative. 

A second concern to Basin Electric is the extreme 
economic damage that a shutdown of the gasification 
plant would have on the already fragile economy in 
western North Dakota and subsequently the impact 
on Basin Electric's electric loads. 

Revenues from continued operation of the plant will 
help keep electric rates stable for more than a mil-
lion people in this region and development of 
gasification plant byproducts would result in in-
creased electric demand further contributing to rate

stability,	 according to Robert McPhail,	 Basin
Electric's general manager. 

McPhail said another positive development for the 
gasification plant was United State Senate approval 
of an appropriations bill that included amendments 
providing for Congressional review of the sale of the 
gasification plant. 

The amendments, put forth by North Dakota Senator 
Kent Conrad, require the Department of Energy (DOE) 
to tell Congress 30 days in advance who the buyer 
of the gasification plant will be, what assurances 
have been made and what justification the DOE has 
for choosing that buyer. 

Conrad said the amendments establish "the clear in-
tent of Congress that long-term operation of the 
plant is a priority." The amendments also establish 
a national security Interest in the plant which will 
make it harder for a foreign buyer to step in, ac-
cording to Conrad.

nfl 

WESTINGHOUSE WINS FUNDS TO SCALE UP INNOVATIVE 
HOT GAS FILTER 

A new research contract awarded by the United 
States Department of Energy to the Westinghouse 
Electric Corporation calls for Westinghouse to scale 
up an Innovative ceramic cross-flow filter and test 
it at the coal gasification pilot plant operated by 
Texaco Inc.	 in Montebello,	 California.	 Under 
development since the late 1970's, the filter is 
projected to be capable of capturing more than 
99 percent of the particles of mineral matter and 
ash that are swept out of a gasifier when coal is 
gasified. 

Future coal-fired power plants may employ coal 
gasifiers linked to high-efficiency gas turbines. But 
to work effectively with coal gasifiers, turbines must 
be protected from the steady bombardment of tiny, 
often microscopic particles caught up in the gas 
stream. 

Conventional	 particulate	 removal technologies	 work 
effectively	 but only at relatively	 low 
temperatures--around 200 0	 F or	 less.	 This	 requires 
the	 hot	 coal	 gases to	 be cooled before	 they	 are 
cleaned, a step that reduces plant efficiency	 and in- 
creases costs.

The ceramic cross-flow filter reduces the cool-down 
requirement by removing particles at temperatures of 
1,500 0 F or more. Combined with high-temperature 
sulfur removal devices, the ceramic filter could per-
mit a future coal-fired power plant to meet all 

4-13	 SYNTHETIC FUELS REPORT, MARCH 1988 



federal and state emission standards using existing 
coal gasifiers and conventional gas turbines. 

The filter, to be fabricated for Westinghouse by 
Coors Porcelain of Denver, Is essentially a box of 
corrugated layers, each layer positioned at a right 
angle to the one below it. The ceramic material 
used to fabricate the floor and ceiling of each layer 
is porous, thus permitting the hot coal gases to pass 
through while trapping the particulate matter. 
Particle-laden coal gases blown in through one side 
of the corrugated element pass through the gas-
permeable layers and emerge at right angles cleaned 
of their impurities. 

The ceramic cross-flow filter was conceived by Wes-
tinghouse in the 1970's and funded initially by the 
Environmental Protection Agency. In 1979 the 
Energy Department awarded its initial contract to 
Westinghouse for early development of the concept. 
To date, ceramic cross-flow filter systems using 
single filters six inches square by two inches thick

have been tested on small gasifiers, including one at 
the Energy Department's Morgantown, West Virginia, 
Energy Technology Center. Under the new contract, 
Westinghouse will scale up the titter element to hold 
two filters, each 12 inches square and four inches 
deep. In future commercial-scale plants several 
hundred of these filter elements would be arranged 
in a pressure vessel. 

Researchers hope the test program will identity and 
solve any mechanical problems associated with the 
filters, test possible improvements in the system, 
provide the basis for more reliable cost estimates 
and develop the basis for designing future systems 
that could be Installed in full-size, gasifier-turbine 
power plants. 

The total value of the two-yeir contract is 
$1,343,048 which includes Westinghouse's contribution 
of $48,856. 
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GOVERNMENT 

DOE ISSUES PROGRAM OPPORTUNITY NOTICE FOR 
RErRoFrr CLEAN COAL TECHNOLOGY 

The United States Department of Energy (DOE), Of-
fice of Fossil Energy has issued a Program Oppor-
tunity Notice (PON) (Number DE-PS01-88FE61530) in 
response to Public Law. No. 100-202, the Continuing 
Resolution for the fiscal year ending September 30, 
1988. This Act, among other things, provides funds 
to conduct cost-shared Innovative Clean Coal Tech-
nology (ICCT) projects to demonstrate emerging clean 
coal technologies that are capable of retrofitting 
and repowaring existing coal burning facilities. The 
purpose of the PON is to solicit proposals to 
demonstrate technologies that are capable of being 
commercialized In the 1990's, more cost effective 
than current technologies, and capable of achieving 
significant reduction of SO 2 and/or NOx emissions 
from existing coal burning facilities, particularly 
those that contribute to transboundary pollution. 

The Act provides that the Secretary of Energy shalt 
not finance more than 50 percent of the total costs 
of each innovative clean coal technology project. 
The PON contains qualification criteria, and each of-
feror will need to demonstrate ability to meet these 
qualification criteria. 

Each project will consist of three phases: 

Design and Permitting 
Construction and Startup 
Operation and Disposition 

The period of performance is to be proposed by the 
offeror. 

The Act makes available a total of $575 million for 
this program, as follows: $50 million in fiscal year 
1988, and $525 million in fiscal year 1989. Of 
these monies, $32.512 million will be set aside for 
Program Direction, and $6.782 million will be set 
aside for the Small Business and Innovative Research 
Program, and unavailable for projects. All of the 
remaining monies, $535.706 million, will be available 
for award under this PON. 

The Innovative Clean Coal Technology Program is re-
lated to the decision by President Reagan on March 
18, 1987, to seek $2.5 billion to fund the 
demonstration of innovative clean coal technologies 
over a five-year period, provided that appropriate 
projects are proposed that meet, among other things, 
cost sharing requirements similar to those provided 
In the earlier (February 17, 1986) CCT (Clean Coal 
Technology) solicitation. Accordingly, the Administra-
tion amended the fiscal year 1988 budget request 
and supporting "outyear" estimates for the CCT 
Program, such that the Administration had requested 
the remaining $350 million from the CCT Reserve In 
fiscal year 1988, and advanced appropriations of 
$500 million each year for fiscal years 1989 through

1992, for demonstration projects. However, Public 
Law No. 100-202 has established a total funding 
level of $575 million for fiscal years 1988 and 1989. 
These funds will be used in a single solicitation 
which is the subject of this PON. The cost sharing 
requirements ensure that industry will invest an 
equal or greater amount over this period to stimu-
late deployment of ICCT. 

In addition to the announcement of the intention to 
seek funding for the ICCT solicitation, President 
Reagan, on March 18, 1987, also stated that projects 
will be selected, as fully as practicable, using the 
criteria recommended by the Special Envoys on Acid 
Rain, Drew Lewis of the United States, and William 
Davis of Canada. President Reagan had appointed 
Drew Lewis to the position of United States Special 
Envoy on Acid Rain in March of 1985, and, at the 
same time, Prime Minister Brian Mulroney appointed 
William Davis as the Canadian Special Envoy. 
Charged with the responsibility "to assess the inter-
national environmental problems associated with 
transboundary air Pollution, and then recommend ac-
tions that would solve them," the appointees in 
January of 1986 issued the Joint Report of the Spe-cial Envoys on Acid Rain, also popularly known as 
"the Lewis/Davis Report." The Special Envoys 
provided twelve recommendations, the first one of 
which was that the: 

United States government should implement a 
five-year, five-billion-dollar control technology 
commercial demonstration program. The federal 
government should provide half the funding ... for 
projects which industry recommends, and for 
which industry is prepared to contribute the 
other half of the funding. 

Program Guidelines 

The projects in this program will be industry 
projects assisted by the government. The Congress 
has stipulated that government funding shall not 
exceed 50 percent of total project cost. 

Candidate technologies must be applicable to existing 
coal-burning facilities. However, the demonstration 
projects can be at new "grass-roots" facilities, as 
long as the technology is applicable to existing 
coal-burning facilities. The technology must be 
either capable of being retrofitted to existing 
facilities or capable of repowering existing facilities. 
For purposes of this PON, retrofit technologies are 
those technologies used to modify existing facilities 
to reduce SO2 and/or NO emissions, which are acid 
rain precursors. Repowering technologies replace a 
significant portion of the original facility and, In 
addition to achieving significant emissions reductions, 
often increase capacity, extend the life of the 
plant, and improve the efficiency of the system. 
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Retrofit technologies must have the potential to 
reduce significantly emissions of 502 and NO and 
minimize losses in efficiency. Retrofit techn.logies 
such as advanced coal cleaning, limestone injection 
multistage burners, slagging combustors, gas reburn-
ing, in-duct sorbent injection, coal-water mixtures, 
and advanced flue gas cleanup, used separately or in 
combination, are expected to control SO 2 and/or NO 
emissions. 

Repowering technologies must have the potential to 
reduce significantly emissions of SO 2 and/or NO., 
Improve efficiency, and expand the capacity for 
energy production. Repowering technologies, such as 
Integrated gasification combined cycle and fluidized 
bed combustion are expected to reduce both SO 2 and 
NO x emissions. 

The	 PON	 is	 open to all	 market applications of	 in-
novative	 clean	 coal technologies that	 can lead	 to 
reduced	 emissions	 of SO 2	 and/or NO,	 from existing 
coal-burning	 facilities, this includes applications for 
utilities,	 industry,	 commercial and residential markets, 
and transportation.

ENERGY DEPARTMENT SEEKS COAL RESEARCH IDEAS 
FROM UNIVERSITIES 

The United States Department of Energy has again 
called on the nation's academic community to submit 
novel coal research ideas for federal program grants. 
Funds set aside for the ninth year of this program 
will likely total approximately $6 million, and will 
be sufficient to award about 33 new grants. Some 
$500,000 of the funds will be earmarked for black 
colleges and universities for both training and 
grants. 

During the previous eight years of the "University 
Coal Research Program," 230 grants, totaling 
$38.5 million, have been made to 98 academic in-
stitutions. 

The department's Pittsburgh Energy Technology Center 
is accepting proposals in the following seven techni-
cal areas: 

Coal Science: Structure, characteristics, and 
reactivity of coal and coal-derived materials; 
nature of the oxygen, nitrogen and sulfur 
bonding in coal; geochemical and geophysical 
properties of coal; weathering of coal during 
preparation, transport and storage; analytical 
techniques and instruments applicable to coal, 
coal	 mineral	 matter	 and	 coal-derived
materials, 

Coal Surface Science: 	 Surface properties of 
coal and 'mineral matter pertinent to clean-
ing,	 conversion and utilization; 	 surface-



enhanced beneficiation; dewatering and pel-

letizing of fine coals; and stabilization of 
coal and coal/oil slurries, 

Reaction Chemistry: Fundamental research 
directed toward an understanding of organic 
and inorganic chemistry of coal with respect 
to catalyzed and uncatalyzed conversion and 
utilization; chemical coal cleaning; biochemi-
cal coal gasification, liquefaction and desul-
furization; novel reactions for depioymerizing 
coal;	 chemical reactions in supercritical
fluids; and fuel cell chemistry, 

- Advanced Process Concepts: Improved coal 
conversion and utilization process concepts 
through novel chemistry and/or reactor sys-
tems. 

- Engineering Fundamentals and Thermodynamics: 
The effect of temperature and/or pressure on 
transport phenomena with or without chemical 
reactions; measurement and correlation of 
thermodynamic and transport properties per-
tinent to coal conversion and utilization; and 
supercritical phase behavior. 

- Environmental Science: Chemistry of forma-
tion and/or elimination of pollutants arising 
from coal conversion and utilization reac-
tions;	 formation,	 transport	 and 
collection/removal	 of	 particulates	 from
aerosols. 

- high Temperature Phenomena: Physical and 
chemical phenomena at high temperatures as-
sociated with combustion and gasification of 
coal and with electromagnetic generation of 
power; vaporization of alkalies and ash fusion 
in coal conversion and utilization processes; 
high temperature sulfur and particulate 
removal; and membrane separations. 

CONGRESS REQUIRES NOTICE FROM DOE BEFORE 
SELLING GREAT PLAINS 

Tucked into the 1988 Continuing Resolution which 
was signed into law in December is a provision re-
quiring that the United States Department of Energy 
notify Congress before entering into any binding 
agreement for sale of the Great Plains coal gasifica-
tion plant. 

It is stated In section 317 that, notwithstanding any 
other provision of law, the Secretary of Energy is 
directed to notify the Appropriations Committees of 
the House and the Senate, the Energy and Natural 
Resources Committee of the Senate and the ap-
propriate authorizing committees of the House of the 
Secretary's intent to enter into a binding contract 
for the sale of the Great Plains Coal Gasification 
Plant In Beulah, North Dakota: 	 Provided, That such 
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notification shall be received by the above-
referenced committees at least thirty (30) calendar 
days before the agreement Is effective:	 Provided 
further, That such notification shall include a 
detailed description as to the terms and conditions 
of the sale, including, but not limited to, the pur-
chase price, the name of the prospective purchaser, 
the basis for agreeing to the sale, and a statement 
of commitment signed by an authorized individual of 
the purchaser for continued long-term operation of 
the facility at a rate and for a period determined 
appropriate and reasonable by the Secretary. 

Other language In the Congressional report says the 
Congressional managers agree that the Department of 
Energy should place higher priority on the continued 
long-term operation of the Great Plains Coal 
Gasification Plant as part of its divestiture activity. 
Continued long-term operation Is needed to avoid 
disruptions to the local community, capture the 
benefits associated with extended plant operations 
and collect emission reduction technology data. The 
managers also agree that there roust be a proper 
balance between realizing fair value for the project 
and continued operation.

# Ui 

COAL R&D PROGRAMS GET INCREASE FOR 1988 

The three-month-late compromise worked out between 
the	 United	 States	 Senate	 and	 House	 of Representa-
tives	 resulted	 In	 an	 overall	 increased budget	 for 
coal-related	 progra .ns	 In	 the	 Department of	 Energy 
(DOE).	 A	 total	 of	 $233	 million	 was	 voted	 for	 coal 
research	 and	 development	 in	 fiscal	 year (FY)	 1983 
compared to $203 in FY87 (Table 	 t).	 The clean coal 
technology	 program	 was	 funded	 at	 $149 million	 for 
Round 1 projects, as requested by the Administration, 
but	 Round	 2	 projects	 were	 funded for	 only 
$50	 million	 in	 1988	 compared	 to	 a request	 of 
$350	 million.

Written into the language of the FY88 Continuing 
Resolution are a rluLnber of specific instructions to 
DOE for spending the money; 

Clean Coal Technology 

For Clean Coal Technology demonstrations $50,000,000 
are appropriated for the fiscal year beginning Oc-
tober 1, 1987, and shall remain available until ex-
pended and $525,000,000 are appropriated for the 
fiscal year beginnIng October 1, 1988, and shall 
remain available until expended. 

Nolater than slty days following enactment of this 
Act, the Secretary of Energy shall issue a general 
request for proposal for emerging clean coal tech-
nologIes which are capable of retrofitting or 
repowering existing facilities. Proposals under this 
section shall be submitted to the Department of 
Energy no later than ninety days after Issuance of 
the general request for proposals, and the Secretary

of Energy shall make any project selections no later 
than one hundred and sixty days after receipt of 
proposals. 

Provided further, That preaward costs Incurred by 
project sponsors after selection and before signing 
an agreement are allowable to the extent that they 
are related to (1) the preparation of material re-
quested by the Department of Energy and identified 
as required for the negotiation, or (2) the prepara-
tion and submission of environmental data requested 
by the Department of Energy to complete National 
Environmental Policy Act requirements for the 
projects. 

Bill language, proposed by the House, which would 
have prohibited using grants has been deleted. The 
managers agreed that project funding is expected to 
be based on cooperative agreements, but that grants 
might be applicable to support work also funded 
from this account. 

The managers agreed to delete Senate language 
providing personnel floors for Clean Coal Technology. 
The agreement includes 58 new positions above cur-
rent employment floors for the fossil energy or-
ganization and 30 positions within the floors. 

The managers agreed that the funds provided are 
available for non-utility applications as well as for 
utility applications. 

The managers agreed that no funds are provided for 
the demonstration of clean coal technologies which 
are intended solely for new, stand alone, applica-
tions. The Senate had proposed up to 25 percent of 
the funds be available for this purpose. 

Fossil Energy Research and Development 

Appropriates $326,975,000 for fossil energy research 
and development instead of $345,394,000 as proposed 
by the House and $291,390,000 as proposed by the 
Senate. The change from the amount proposed by 
the House for coal conversion programs consists of 
increases of $800,000 for bioprocessing research at 
Idaho National Engineering Laboratory; $1,200,000 for 
the Consortium for Fossil Fuel Liquefaction Science; 
$200,000 for bench scale research on direct li-
quefaction; $500,000 for bench scale research In In-
direct liquefaction; $353,000 for advanced concepts 
in fuel cells; $500,000 in underground coal gasifica-
tion; $1,800,000 for mild gasification. 

The change from the amount proposed by the House 
of Representatives also consists of decreases of 
$100,000 for the Wilsonville pilot plant in direct li-
quefaction; $800,000 for 7.5 megawatt phosphoric 
acid fuel cells; $2,000,000 for dielectric cooled 
phosphoric acid fuel cells; $1,000,000 for a basic 
technology program In phosphoric acid fuel cells; 
$4,800,000 for molten carbonate fuel cell stack 
development; $500,000 for the 25 to 200 kilowatt 
solid oxide fuel cell program; $700,000 for the Waltz 
Miii gasifier; and general reductions of $250,000 
from Western Research Institute programs and 
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TABLE 1 

LV 1988 COAL PROGRAMS APPROPRIATION 

Fl 1988 
Fl 1987 Housc Senate Final 
Approps Approps Approps Approps 

$37.83 $42.71 $39.41 $41.21 

32.29 31.81 41.65 31.96 
24.11 24.40 22.92 26.20 
15.14 23.18 21.48 21.98 
23.08 41.40 20.60 32.65 
12.15 18.05 21.05 18.05 
2.37 2.33 2.83 2.83 

26.50 35.00 35.00 35.00 
24.66 22.08 23.38 23.18 

$203.22 240.96 228.32 233.06 

$149.10 $149.10 $149.10 $149.10 
-- 50.00 350.00 50.00

COAL BUDGET 
Control Technology 

& Coal Preparation 
Adv Res & Tech Dev. 
Coal Liquefaction 
Combustion Systems 
Fuel Cells 
Heat Engines 
Undergrd. Gasification 
Magnet ohydrodymi Cs 
Surface Gasification 

Total Coal 

Clean Coal Tech (41) 
Clean Coal Tech 02) 

$200,000 for University of North Dakota Energy 
Research Center (UNDERC) programs. 

The managers agreed that: 

- Of the $130,050,000 for heat engines, 
$7,000,000 is for diesel engine work and 
$11,050,00 is for multiple contracts for tur-
bine work, and that $350,000 for UNDERC 
sliall be provided from diesel and turbine 
funds; 

- Funds for mild gasification are for multiple 
contracts through Phase Two; 

- Funds for advanced concepts in fuel cells in-
clude $7,000,000 for the 25 to 200 kilowatt 
solid oxide concept, and $1,353,000 for all 
other advanced concepts; 

- No funds are provided for the Otisca In-
dustries industrial fuel boiler demonstration 
because the project is more appropriately 
funded in the Clean Coal Technology program; 
this decision Is made without prejudice to 
the merits of the project; 

- At least $1,500,000 of direct utilization funds 
in Advanced Research and Technology 
Development should be for electrochemistry 
and fundamental aspects of fuel cells; 

- The Department should Issue a new molten 
carbonate fuel cell Program Research and 
Development Announcement at the earliest 
possible date;

- Support for Argonne National Laboratory 
should be at a level of not less than fiscal 
year 1987; 

- Ongoing work on conversion of natural gas to 
liquids should continue under the unconven-
tionul gas progran activity and management; 
all synthetic gas related C chemistry li-
quefaction work should continue tinder the 
Indirect liquefaction and advanced research 
liquefaction programs and management; 

- Within the additional $1,400,000 for gas 
stream cleanup, construction of the subpilot 
scale turbine particulate control facility 
should be completed; 

- The report on utility-scale phosphoric acid 
fuel cells requested by the Senate is due by 
April 1, 1988. 

Bill language proposed by the House and stricken by 
the Senate Is included which allows the use of funds 
previously earmarked for the iCiingas project for 
other purposes. 

PUBLIC MEETINGS GIVE DOE SUGGESTIONS FOR 
IMPLEMENTING CLEAN COAL TECHNOLOGY 

Four public meetings were convened by the Depart-
ment of Energy (DOE) in August and September of 
1987 in order to obtain views, comments, and 
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recommendations with regard to the Innovativi Clean 
Coal Technology (ICCT) solicitation. 

The meetings took place in Albuquerque, New Mexico, 
St. Louis, Missouri, Pittsburgh, Pennsylvania, 
Washington, D.C. 

The meetings notice published in the Federal Register 
listed five issues and concerns of particular interest 
to DOE. Additional subjects were identified as 
noteworthy for discussion by the public both in per-
son at the meetings and by written comments. Cap-
sule statements of the public's suggestions regarding 
these issues were then published by DOE as follows: 

Qualification Criteria 

The issue was whether qualification criteria, such as 
with regard to site availability, teaming arrange-
ments, and financing, should be more stringent than 
in the last solicitation? 

In general, the public felt that qualification criteria 
used in the earlier solicitation are reasonable and 
adequate. 

Evaluation Criteria 

Under this heading, DOE asked how should evaluation 
criteria be written to adequately judge quality 
projects, while minimizing the burden on the 
offerors?; and should the solicitation provide for 
deselection if negotiations do not proceed at a 
satisfactory pace? 

Public comments were that the solicitation should 
stress technical innovation and marketability, but 
that financing should be weighed more heavily as 
compared to the technical aspects of the proposal 
than was the case In the previous solicitation. 

It was also noted that deselection should occur if 
negotiations do not proceed at a satisfactory pace. 
Criteria for deselection should include project 
financing and teaming arrangements. 

Other comments urged DOE to implement the 
Lewis/Davis project criteria cautiously in order to 
avoid precluding consideration of meritorious projects. 
Projects should include a diversity of applications, 
technologies, and locations (including Western United 
States), and should include "grass roots" facilities. 

Alternative Solicitation Mechanisms 

Suggestions received in this area included a cost-
shared "phase zero" which would go into effect sub-
sequent to proposal selection, during which financing, 
teaming, etc., would be pursued, in accordance with 
negotiated milestones, leading to executed coopera-
tive agreements. Failure to consummate agreements 
after a reasonable time intervals, say, six to 
eighteen months, would result in deselection. 

Alternatively, a two-phase solicitation mechanism 
could be designed in which the first phase would be 
to submit qualification proposals.

Selection by DOE of proposals qualified to proceed 
to phase two would be followed by submission of 
detailed proposals. 

Proposal Preparation Time 

It was suggested that DOE allow at least 90 days 
for proposal preparation, as opposed to 60 days in 
the previous solicitation. 

Environmental Requirements 

In the area of environmental requirements, the public 
felt that the National Environmental Policy Act 
strategy In the previous solicitation was reasonable 
and adequate. However, the offeror, rather than 
DOE, should define the needs for environmental 
monitoring. 

Recoupment 

The comments received agreed that, in concept, 
recoupment of the government's cost share is 
reasonable and appropriate, if profits are derived 
from the project. Reimbursement should ensue from 
profits subsequent to the completion of the 
demonstration project. After the demonstration, the 
government should consider the effects of recoup-
ment on the competitiveness of the technology, if 
any. 

At least one comment suggested that for regulated 
electric utilities, recoupment should not be required 
from continued operation of the project beyond the 
demonstration program. 

In general repayment plans should permit flexibility 
of terms, payback schedule, etc. 

Cost Sharing 

Suggestions received in this area were that DOE 
consider requiring 50 percent cost sharing for the 
overall project rather than on a phase-by-phase 
basis. 

Also, DOE could consider counting the loss of gener-
ating capacity during the demonstration toward 
electric utility cost sharing. 

Regulatory Incentives 

The issue raised by DOE was whether the solicitation 
should favor projects that are located in states that 
offer favorable regulatory Incentives for clean coal 
technology projects? 

The public response was that DOE should not favor 
projects located in states that offer regulatory In-
centives for clean coal technologies, because of the 
possible inequities that may result. 
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ENERGY POLICY AND FORECASTS 

WEST VIRGINIA CONGRESSMAN PROMOTES METHANOL 
FROM COAL 

At a January 15, 1988 workshop, West Virginia Con-
gressman Bob Wise told a gathering of government, 
industrial, and technology leaders that West Virginia 
is ideally suited to become a central figure in what 
may become a major industry. Wise organized the 
meeting in order to bring together the various 
people that could play a key role in the develop-
ment of methanol. 

"I have been fighting in Congress for methanol for 
several years, but 1987 produced by far the greatest 
results," said Wise. "There is no reason to think 
1988 will not produce even further progress for this 
alternative fuel source." 

Wise's	 interest	 In	 methanol sterns from the fact	 that 
It	 can be made from both coal and natural gas--two 
feedstocks readily	 available In West Virginia, and the 
need for the United States to take measures to curb 
its	 trade deficit and dependency on foreign oil.

Wise told the group of the growing momentum of 
methanol, not only In Congress, but throughout the 
nation. "In December the House overwhelmingly 
passed the Alternative Fuels Act, legislation that 
promotes methanol by providing automakers incentives 
to produce vehicles that use it." Wise was an 
original cosponsor of that legislation, and a com-
panion bill in the Senate, sponsored by Senator Jay 
Rockefeller, may be voted on early this year. 

The most recent development in Wise's methanol 
program is the introduction of a bill to require that 
buses purchased with federal funds be powered by 
alternative fuels. "The purpose of this legislation is 
actually two-fold, using methanol for mass transpor-
tation will increase Its demand while at the same 
time helping the environment. Methanol bums 
cleaner than gasoline or diesel fuel, thus areas that 
have air pollution problems will benefit by using al-
cohol fuels," Wise said. 

Because of growing momentum to develop alternative 
fuel sources in this country, Wise Is urging West 
Virginia to do everything it can to become a key 
player. "We have known for a long time that we 
have the feedstocks to produce methanol, but we 
cannot be content with that alone--let's start to 
think in terms of supplying the raw material, refin-
ing the product, and distributing it nation-wide," 
said Wise. "We have the coal and natural gas, the 
chemical industry, the river transportation, and a su-
perior workforce, so we can be ready for this in-
dustry when it booms," said Wise adding that, "West 
Virginia is a natural for methanol and we cannot 
afford to be playing catch-up on this Issue." 

The Rockefeller bill, S-1518 had not been acted on 
by the first of March, but no controversy is an-
ticipated over this legislation.

As approved by Senate Commerce, the bill would al-
low manufacturers of alternative-fuel vehicles to 
more easily meet federal corporate average fuel 
economy (CAFE) standards. Incentives would also be 
established for the production of "dual fuel" 
vehicles, which can run on either gasoline or alter-
native fuels.	 The committee approved the measure
by voice vote in November. 

Supporters of the bill hope It will spark production 
of enough alternative-fuel automobiles to attract 
producers, distributors and retailers of non-petroleum 
fuels. They note that the United States transporta-
tion sector is almost entirely dependent on oil, much 
of which must be imported, and that methanol, 
ethanol and natural gas can be produced from 
domestic resources. 

Dual-fuel vehicles--even if they used only gasoline 
at first--could reduce the impact of future supply 
disruptions, because their owners could then switch 
to other fuels, the bill's backers contend. 

The current CAFE standard, as implemented by the 
Transportation Department, requires the fuel ef-
ficiency of each automaker's American-made cars 
sold during each "model year" to average at least 
26 miles per gallon. The Motor Vehicle information 
and Cost Savings Act (P1-92-513) sets a CAFE re-
quirement of 27.5 miles per gallon but allows the 
Department of Transportation to reduce it to 
26 miles per gallon. 

Bill 5-1518 would give cars designed to run ex-
clusively on natural gas and alcohol fuels--primarily 
methanol and ethanol--CAFE ratings based on only 
15 percent of the fuel they actually consumed 
(because methanol fuel generally contains at least 
15 percent gasoline). So a car getting 15 miles per 
gallon on methanol, expected to be typical perfor-
mance, would earn a federal fuel efficiency rating 
of 100 miles per gallon. 

"Dual-fuel" automobiles would receive a CAFE rating 
based on an average of their efficiency ratings on 
alternative fuels and on gasoline.	 When operating 
on 85 percent alternative-fuel mixtures, such 
vehicles would have to be able to drive at least 
250 miles; between fill ups, although the Transporta-
tion Department could reduce the minimum range to 
as low as 200 miles. In addition, the benefits for 
dual-fuel vehicles would be available only during a 
10-year period (extendible to 15 years) beginning any 
time from 1993-1996. 

Automakers that built alternative-fuel vehicles, 
therefore, could boost their overall fleet efficiency 
ratings and possibly avoid fines for missing the CAFE 
standards. But fuel efficiency labels on new 
alternative-fuel cars would have to show the actual 
number of miles per gallon they could achieve. 

4-20	 SYNTHETIC FUELS REPORT, MARCH 1988 



ECONOMICS 

DCL SLAGGING GASIFIED SEEN MOST ECONOMIC FOR 
'CCC 

A site-specific study by Bechtel National, Inc., spon-
sored by the Electric Power Research Institute (EPRI) 
Investigated the merits of combining the highly effi-
cient British Gas/Lurgi (BGL) slagging gasifier with an 
advanced gas turbine in a 180-megawatt (electric), 
commercial scale 16CC (Integrated Gasification Com-
bined Cycle) power plant sited at Virginia Electric 
and Power Company's Chesterfield Power Station. 
The gasification plant is fed with run-of-mine Pitts-
burgh No. 8 coal and sized to fully load one GE 
MS700IF gas turbine at 88 0 F ambient temperature. 

A sensitivity study compared the cost and perfor-
mance of a similar 16CC power plant located at an 
alternate plant site in Michigan owned by Detroit 
Edison. 

As reported to the Seventh EPRI Conference on Coal 
Gasification, the 16CC plant design was based on a 
concept proposed to the United States Synthetic 
Fuels Corporation (SFC) in November of 1985. After 
funding for the SFC was ended by the United States 
Congress in December of 1985, it was decided not 
to proceed with the project as proposed. It was 
agreed among the sponsors, however, to complete 
certain design and cost tradeoff studies in order to 
present a more realistic picture of the technology 
and to also determine if the allowable plant emis-
sions led to a significant reduction in the sulfur 
removal requirements from 99 percent to 95 percent. 

Plant Description 

The gasification plant is fed with run-of-mine Pitts-
burgh No. 8 coal containing up to 60 percent fines, 
and Is sized to fully load the gas turbine at 88 0 F 
ambient temperature. Number 2 fuel oil (distillate) 
Is used to augment the fuel supply to the gas tur-
bine at ambient temperatures below 88 0 F. 
Seventy-five percent of the total coal fines, less 
than 0.25 inch, are pelletized by agglomeration prior 
to gasification. 

The plant is designed to remove approximately 
95 percent of the sulfur in the feed coal and incor-
porates steam Injection into the gas turbine combus-
tor to meet New Source Performance Standards 
(NSPS) NO  emission requirements. Slag produced In 
the gasification process is sluiced to an onsite ash 
pond. Tars and oils are recycled to the gasifiers, 
while the gas liquor is Incinerated. 

The 16CC power plant converts high-sulfur bituminous 
coal into a clean medium-BTU fuel gas, which Is 
then used to fuel a combined cycle power generation 
system (Figure 1). 

The Pittsburgh No. 8 bituminous coal contains ap-
proximately 3.5 percent sulfur and 11.5 percent ash.

The higher heating value of the coal, on an as-
received basis, is 12,350 BTU per pound. 

FIGURE 1 

IGCC BLOCK DIAGRAM 
WITH BGL GASIFIER 
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The steam and power generation system that forms 
the basis for the power block Is configured around 
General Electric's STAG 107F combined cycle power 
plant. The STAG 107F equipment includes one gas 
turbine generator (with a nominal firing temperature 
of 2,300 0 F),	 one HRSG (heat recovery steam 
generator), and one steam turbine-generator. The 
gas turbine exhaust gas flows through the HRSG 
where heat Is recovered from the exhaust gas to 
generate steam for the steam turbine generator and 
to meet NO X control and gasification process re-
quirements. 

The 16CC plant consists of three 45 percent capacity 
gasifiers, one 100 percent capacity gas purification 
unit, and one 100 percent capacity combined cycle 
unit. The remaining facilities in the plant also con-
tain adequate spare trains and/or spare equipment to 
meet the 80 percent equivalent availability target 
for the plant. 

Cost Estimates 

The total capital requirement (excluding allowance 
for funds used during construction, AFDC) for the 
Virginia Power 16CC plant has been estimated to be 
$301 million (mid-1985 dollars). It consists of the 
plant facilities Investment and the owner's costs as 
summarized In Table 1. The plant facilities invest-
ment Includes direct field material, direct field 
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TABLE 

VIRGINIA POWER la)) PVER PLANT
'TOTAl. CAPITAL REQUIRneIT

(Mid-1905 Dollars) 

$MillIon	 $/kW 
Ambient Temperature 

Plant Facilities Investment 
Total Plant Cost 234.1 1,108 1,345 
Contingency 44.7 212 257 
Initial Catalyst and 

Choral cals 0.4 2 2 
Owner's Costs 21.8 103 12€ 

Total Capital Requirement 301.0 1,425 1,731

aWI[h distillation augmentation to fully load the gas turt 

labor, subcontracts, indirect field costs, engineering 
and contingency.	 The cost estimate assumes an 
overall	 contingency	 (process	 and	 project)	 of 
19 percent. Owner's costs Include license fees, 
spare parts, startup costs, owner's management costs, 
working capital, allowance for funds during construc-
tion and land costs. 

Also shown in Table I are the capital costs for the 
Virginia Power IGCC plant In dollars per kilowatt, 
for a 20 0 F ambient temperature, with distillate 
augmentation. 

Operating and maintenance costs (in mid-1985 dollars) 
are summarized as follows, based on a 100-percent 
capacity factor:

$ Million/Year 

Fixed operating costs 	 11.2 
Variable operating costs 	 2.1 
Byproduct credit 	 (2.2) 
Coal cost	 21.5 

The delivered coal cost Is assumed to be $1.55 per 
million BTU. Sulfur is assumed to be sold for 
$135 per ton. 

Capital Cost Comparison 

The Plant Facilities Investment (PFI) costs for the 
Texaco-based, 100 megawatt (electric) Cool Water 
IGCC power plant were compared to the PFI costs 
for the BOL-based, 174 megawatt (electric) Virginia 
Power IGCC plant. The Cool Water plant costs were 
escalated to mid-1985 dollars and adjusted for those 
costs not applicable to a commercial project cost 
estimate. Next, the Cool Water costs were scaled 
to 174 megawatt (electric) capacity, with a heat 
rate of 9,100 BTU per kilowatt hour.

The comparison showed that the FF1 cost for the 
scaled 174 megawatt (electric) Cool Water plant 
($1,800 per kilowatt) would be 11 percent higher 
than the PFI cost at 88 0 F for the Virginia Power 
plant ($1,600 per kilowatt). 

A sensitivity study evaluated tile cost and perfor-
mance of a similar [CCC power plant to be located 
at an alternate plant site owned by Detroit Edison. 

The overall plant design configuration and coal 
feedstock for the alternate site study are the same 
as that used for the Virginia Power plant. Thu 
Detroit Edison plant is to be located at the Delray 
Power Station site. However, the existing power 
plant Is assumed to be retired and ciemnoll.lhed, thus 
providing essentially a grass roots site for tile new 
IGCC plant. 

The total capital requirement for the Detroit Edison 
plant ranges from $1,600 to $1,940 per kilowatt, 
depending on the ambient temperature and ase of 
distillate augmentation. These costs are ap-
proximately 12 percent higher on a dollar per 
kilowatt basis than the Virginia Power capital cost. 
This Is primarily due to the following factors: 

- Higher construction labor costs 

- Additional scope items (i.e., essentially grass 
roots versus existing power station) 

- Additional costs for winterization and more 
extensive piling foundations 

The overall results indicate that the British 
Cas/Lurgi-based IGCC power plant at Virginia Power's 
Chesterfield station has a very good heat rate on 
coal (8,990 BTU per kilowatt hour at 59 0 F) and a 
moderate capital cost ($1,730 per kilowatt, on coal 
at 88 0 F), for a plant in the 200 megawatt size 

4-22	 SYNTHETIC FUELS REPORT, MARCH 1988 



It Is also possible to increase the quantity of CO2 
and raise its partial pressure to over 200 psla. In 
this case, the hot gas from the gasifier is quenched 
with water that is evaporated into the gas to 
provide steam for the water gas shift conversion 
reaction, In which most of the carbon monoxide in 
the gas can be converted to CO2. 

range. With distillate augmentation to fully load the 
gas turbine at 20° F, the capital cost drops to 
about $1,425 per kilowatt. 

CCC POWER PLANTS TO BE ECONOMICAL SOURCE OF 
CO2 FOR EOR 

According to an analysis carried out by Fluor Tech-
nology for the Electric Power Research Institute 
(EPRI), gasification combined cycle (6CC) power 
plants may be one of the most economical sources 
of carbon dioxide for use In enhanced oil recovery. 

Based on the study, EL'Rl says that carbon dioxide 
produced In CCC power plants will inherently cost 
less than that produced from flue gases in conven-
tional power plants. 

In a plant using coal gasification, CO 2 can be 
produced as a mixture with hydrogen sulfide or as a 
separate product. Compared to a conventional 
coal-fired power plant system, the volume of gas 
that would have to be processed for CO 2 removal in 
the conventional plant Is almost 17 times as great 
as that in the gasification system. Further, the 
partial pressure of CO 2 In the gasification system 
fuel gas is about 70 psla, whereas CO 2 pressure is 
only about two psia In the conventional plant flue 
gas. Costs of processes that involve absorption or 
chemical reaction of CO2 with a liquid (the favored 
processes for this purpose) tend to be strong func-
tions of the actual volume of the gas treated and 
the partial pressure of CO 2 . Thus, lower CO2 
production costs might be expected for the coal 
gasification system, even though the quantity of CO2 
would be considerably less.

The first step in the Fluor study was to design and 
cost 6CC electricity-only power plants and then to 
design plants of the same electricity capacities that 
produce both electricity and CO 2 . This made it 
possible to determine the revenue required to pay 
for the additional plant cost incurred to produce 
CO2. 

Two cases were studied: a case in	 which shift con-
version was not used and a	 ease using shift	 conver-
sion	 to	 produce the	 maximum quantity	 of	 CO 2 . In 
both cases, CO2 product is	 compressed to	 2,000 pslg 
for	 pipeline	 delivery. Table	 1.	 summarizes the 
results. 

About 8,000 standard cubic feet of CO 2 are required 
to produce one additional barrel of oil. 	 Therefore, 
the CO 2	 produced with	 no shift	 conversion
(42 million standard cubic feet per day) could yield 
an additional 5,250 barrels per day of oil. With 
shift conversion employed the 263 million standard 
cubic feet per day of CO 2 produced could yield as 
much as 32,900 barrels per day of oil. 

The revenue requirements are considerably less than 
what might be required for CO  produced at 't con-
ventional coal-fired plant. One estimate places the 
latter value at about $2.50 per 1,000 standard cubic 
feet which at 8,000 standard cubic feet a barrel 
would cost $20 per barrel of oil recovered. On the 
same basis, the costs of CO 2 estimated in the EPRI 
study would be $6.80 per barrel of oil (no shift 
conversion) and 55.12 per barrel of oil (with shift 
conversion). 

TABLE t

PLANT PR(MXCTIU4 CAPACITIES AND ()STS 

No Shift Conversion Shift Conversion 

Plant Characteristic Electricity Eleetriity- Electricity Electriity-
CO CO 

Net Electric Power	 (I,sV) 589 589 571 571 
Production (Million Ft 3 /D) - 42 - 263 

Power Consuption (if,V) 91 1.06 93 172 
Coal Consuwtion (Million BTU/U) 5,306 5,459 5,661 7,003 
Plant Cost	 (Million 1985 Dollars) 735 780 632 870 
Revenue Required For 0)2 - 0.85 - 0.64 

(1985	 $/1000 Ft3)
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FI3C SUPERIOR TO GASIFICATION FOR UTILIZING GREAT 
PLAINS FINES 

The Great Plains Gasification Plant (GPGP), located 
near Beulah, North Dakota produces synthetic natural 
gas from North Dakota lignite. The lignite is 
gasified In Lurgi moving bed gasifiers, which require 
screening of fines. The fines not processed by the 
Lurgi gasifiers are sold to Basin Electric Power 
Cooperative (fines are burned in Basin Electric's ad-
jacent power plant). The Lurgi gasifiers also 
produce byproduct coal Liquids that are currently 
burned in Riley boilers to generate the steam needed 
by the GPGP plant. 

Consideration has been given to a number of options 
for improving plant revenues. One of the potential 
options identified by the GPGP management was 
marketing portions of the current Liquid byproducts 
(crude phenol, tar oil and naphtha), as upgraded 
byproducts.	 Replacement fuel energy could come 
Iron utilization of the lignite fines. 	 Stearns-Roger
evaluated technologies that could use some of the 
fines within the SPOt' facilities. The Intent of the 
study was to Identify possible economic benefits that 
could derive fro ii utilizing the lignite fines. 

Some results of the GPGP Improvement Study were 
raported to the Fourth Annual Pittsburgh Coal Con-
ference last fail. 

The study developed a range of fuel replacement op-
tions. Nominal plant sizes of 100, 250, and 
500 million BTU per hour (input) were evaluated. Of 
the byproduct liquids, the crude phenols and the 
naplitha are the primary candidates for marketing 
and have heat values of up to 200 million BTU per 
hour and 150 million BTU per hour, respectively. 
Portions of the tar oil, which has a heat value of 
approi.nst.ly 650 million BTU per hear, may be 
upgraded to jet fuel, wood preservatives, road tars 
and other products. 

The initial evaluation of technology options including 
gasification, combustion, purchase of steam and 
cogencration, resulted In coal gasification and atmos-
plieric fluid bed combustion (FBC) being selected as 
the most appropriate general approaches for using 
Lignite fines. 

It was decided that the coal gasification cases 
would gasify lignite fines and provide gas to the 
existing (Riley) byproduct liquid fired boilers. The 
cord gas would thus be substituted for some of the 
byproduct liquids, allowing these liquids to become 
available for sale. In the AFEC cases, the fluid bed 
boLlar would generate steam and this steam would be 
placed in the existing steam system allowing the 
boiler load to be reduced. Again, a portion of the 
byproduct Liquid would become available for sale. 

Coal Gasification 

Based on a screening analysis, Wellman Galusha, Lurgi 
moving bed, Kellogg Rust Westinghouse (KRW) fluid 
bed and Lurgi fluid bed processes were chosen as 
the basis for the gasification portion of the study.

Wellman Galusha was selected for the nominal 
100 million and 250 million BTU per hour cases. 
The Wellman Galusha gasifier is particularly suited to 
these sizes because It comes in 70 million BTU per 
hour (heat input) increments. Although suitable in 
throughput capacity, the lignite feedstock particle 
size poses significant challenges for this fixed hod 
gasifier.	 For purposes of the study, the Wellman 
Galusha cases employ briquetting technology. The 
study is based on a version of the Wellman Galusha 
process that uses in-bed desuLfurization with time. 

The Lurgi moving bed gasifier was selected for the 
nominal 500 million BTU per hour case. A lignite 
Input of 620 million BTU per hour approximates the 
size of Lurgi's commercial gasifier. Again, briquet-
ting Is employed to produce the larger feedstock 
necessary for the Lurgi moving bed. 

The Lurgi fluid bed gasifier was 11180 selected for 
the nominal 500 million HTIJ per hour size. Desul-
furization is accomplished witiIn the bed using lime-
stone. 

The KRW air blown process was also developed for 
the nominal 500 million BTU per hour size. Actual 
lignite input for this ease was 580 million BTU per 
hour. The ICRW process is a pressurized fh.,iilzed 
bed gasifier which Is designed to achieve 85 percent 
sulfur removal In-bed using limestone. An additional 
14	 percent	 removal	 would	 occur	 (total	 of
99 percent) in the external des'jlfurization bed (tlnc 
ferrite). 

Capacity information for each coal gasification case 
is shown in Table 1. The item "Gas Produced' is 
based on the flow of gas fro  new gasifiers multi-
plied by the higher heating value of the gas. The 
line "Millions BTU/hr Byproduct Liquids Replaced by 
Fuel Gas" is the amount of liquid In tile existing 
Riley boilers that is replaced by fuel gas. The 
value differs from the gas produced due to differing 
boiler efficiencies for gas and byproduct Liquid. The 
line "Million BTU/hr Byproduct Liquid from New 
Gasifiers" shows, for the three moving bed gasifier 
cases, the esti-nated amount of byproduct liquids 
that would be recovered Iron these gasifiers. These 
byproduct liquids would either be fed as fuel to the 
Riley boilers, (and/or) processed for sale along with 
the GPGP liquid byproducts. Consequently, these li-
quids would provide new substit'tte fuel energy for 
steam production in addition to the fuel gas from 
the movi'-tg bed gasifiers. Therefore, credit has been 
taken for these amounts of byproduct liquids in the 
calculation of the total liquid byproduct replaced in 
each moving bed gasifier case. 

Atmospheric Fluid Bed Combustion 

The circulating fluid bed combustor (CFBC) and bub-
bling fluid bed combustor (DFBC) were evaluated and 
the CFBC was selected because It had more ex-
perience, higher overall efficiency and superior sulfur 
capture capability compared to IIFBC. 

4-24	 SYNTHETIC FUELS REPORT, MARCH 1988



TABLE I

(XML G&SIFIC&TKP4 CASES 

Heat Input, r&IBTU/Hr 70 210 580 620 
Gasifier Type Wellman- Wellman- ICRW Lurgi 

Galusha Galusha Fluid Moving 
Moving Moving Bed Bed 

Bed Bed 
Gasifiers Required 1 3 1 1 
Lignite Feed To Gasifiers, TPH	 5.45 16.35 45.50 4.24 
Sorbent Required, TPD 15.73 47.1 82.6 N/A 
Gasifier Pressure, psig 0 0 275 400 
Fuel Gas Produced by Gasifier, 

Millions BTU/Ur 55 163 377 483 
Byproduct Liquid Replaced, 2 

Millions BTU/Hr Liquids - 
Replaced By Fuel Gas 48.2 148.2 420.1 441.3 

Millions OTU/ilr Byproduct 
Liquids From New New Gasifiers 9.5 28.5 0.0 84.0 

Millions BTU/Hr Total 57.7 176.7 420.1 525.3 

1 620 x 106 case has LO-CAT Desulfurization, other 3 cases have in-bed 
sulfur removal. 

2The fuel gas	 (coal gas) is substituted for	 (replaces) some of the byproduct 
liquid allowing it	 to become available for sale. 

3 1ncludes credit for TIP steam production fron 1(11W gasifier. -

The CFBCs generate superheated steam at 1,200 psig 
which Is placed into the existing steam system. 
Therefore, there Is no net change In the amount of 
boiler feed water required or steam generated. Be-
cause the steam Is provided by the CFBCs, the ex-
isting Riley boilers need to produce less than the 
current amount of steam (require combustion of less 
liquid byproduct). The liquid byproduct not needed 
by the Riley boilers becomes available for sale. 

Capacity information for the CFBC eases is shown In 
Table 2. 

The new CFBC cases would be designed to remove at 
least 90 percent of the incoming sulfur (90 percent 
of the sulfur coming from the lignite). 

Costs/Economies 

The capital costs of three coal gas cases and two 
CFBC cases are presented in Table 3. 

An economic analysis was performed to help a future 
owner of the GPGP decide whether an investment In 
a plant to consume lignite fines as fuel for steam 
production would provide a better economic return 
than the alternative of buying substitute fuel (oil or 
gas) to replace the BTU's contained In any byproduct 
liquids that are sold. 	 Essentially, this analysis in-
volved comparing the cash outflow streams 
(investment and operating costs) for the coal 
gasification cases and circulating fluid bed combus-
tion cases against the cash outflow stream that

would be Involved in purchasing low-sulfur fuel oil 
to burn In the existing Riley boilers. The cash out-
flow stream for the purchased fuel oil could be 
termed the "avoided cost" to use for evaluating the 
proposed investment In a coal gas or CFBC plant, 
which by itself would produce no revenue stream. 

The economics of each case was calculated using the 
paybacic period method. This method focuses more 
on the short run implications of the investment 
decision.	 The payback period calculations for five 
of the cases are presented in Table 4. All of the 
cases had payback periods equal to or in excess of 
fifteen years, except for the 500 million BTU per 
hour CFBC case, which has a payback period of 
10.9 years. 

These calculations are based on a $21 per barrel 
low-sulfur fuel oil price. As another sensitivity 
ease, a calculation was made to determine what fuel 
oil price would be needed to give the 500 million 
BTU per hour CFBC case a four-year payback period. 
A fuel oil price In excess of $37 per barrel would 
be required to do this. 

As a final sensitivity case, the payback was calcu-
lated for a 90 percent plant (onstream) capacity 
factor and $21, per barrel oil. It was found that 
the 500 million BTU per hour CFBC ease would have 
an 8.3 year payback period. If the 90 percent 
capacity factor and $23 per barrel sensitivities are 
combined the payback period would be 6.9 years. 
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TABLE 2

CIRCULATING FLUID B) COMBUSTION CASES 

Heat Input, MMBTU/Hr 100 250 500 
CFBCs Required 1 1 1 
Lignite Feed To CFCs, TPH 7.79 19.47 39.89 
Steam Produced,	 10	 Lb/Hr 76.7 193.7 387.8 
Limestone Required, TPD 14.4 193.7 387.8 
Liquid By-Product Made Available, 

Million 8Th/Hr 95.1 240.1 480.2 

Technology 
Name 

Energy (Lignite) In, 
UTvIBTU/Ur 

Subsystems: 

Lignite Handling 
Lignite 3riquetting 
Gasification/CFIIC 
Particulate Rerroval 
Dust, 1 fur izat ion 
Sorbent Handling 
Solids handling 
Solids Disposal 
Water Treatment 
Auxiliaries 
Total Plant cost

TABLE 3 

PLANT CAPITAL (X)STS - $1000 

Coal Gas	 Coal Gas Coal Gas 
Wel Gains	 KIM Lur MB CFBC CBFC 

70.0 580.0 620.0 100.0 500.0 

$1,798 $5,879 $1,867 $4,523 
$956 $39549 None None 

$2,405 $18,855 .579709 $29,376 
$719 $2,351 

$3,479 
$292 None $259 $879 
$414 $832 $428 $1,019 

$1,280 $5,201 $1,889 $7,304 
$439 $6,308 None None 
$861 $4,308 $826 $2,795 

$9,445 $43,700 $48,411 $1.3,697 $48,247 

TABLE 4

PAYBACK PERIOD CALCULATIONS - 1987 $ 

Technology	 Coal Gas	 Coal Gas	 Coal Gas 
Name	 Wei Galas KIM	 Lurgi MB 

Energy (Lignite) In

CFBC	 CBFC 

(Million BTU/Ur) 70 
Total Capital Required (TCR) 9.14 

($ Miliion) 
($ Per Lb/Hr Equivalent Stearn)(223) 

Total Operating Cost (1) 
($ Million/Year) 2.42 

Liquid Fuel Replaced (LFR) 
(Million Million 8Th/Year) 0.379 

Avoided Cost Of Fuel Oil	 (ACFO) 
(LFR x $3.60/Million 0Th) 
($ Million/Year) 1.36 

Net Annual Cash Flow (NACF) 
(ACF() - 'rUG)	 (Million/Year) (1.06) 

Payout Period (Tell/MACF) 
(Years) --

500 620 100 500 
46.4 53.3 14.7 53.1 

(132) (146) (192) (137) 

7.89 8.95 2.25 6.47 

2.75 3.45 0.624 3.15 

9.94 12.4 2.25 11.34 

2.05 3.45 0.00 4.87 

23 15 -- 10.9
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The study concludes that if the installation of a 
large CFBC plant Is studied, the potential cogenera-
tion of electric power (to offset power purchases 
for the GPGP plant) should also be evaluated. The 
CFBC technology Is more economically attractive for 
this application than gasification. In addition to the

straight economic consideration, the installation of a 
coal gasifier does not provide GPGP with additional 
capacity to produce steam, whereas the installation 
of a CFBC does. 
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TECHNOLOGY 

YOEST-ALPINE AND KORF PATENT COAL GASIFIER 
IRON REDUCTION PROCESS 

United States Patent Number 4,699,655, "Process and 
a Plant for the Direct Reduction of Iron Oxide Par-
ticles in a Shaft Furnace and for Smelting the Ob-
tained Iron Sponge Particles in a Meltdown Gasifier" 
has been issued to K. Milionis, and assigned to 
Voest-Alpine Akt., Austria, and Korf Engineering 
GmbH, Federal Republic of Germany. 

It describes a process and a plant for the direct 
reduction of iron oxide particles in A' shaft furnace 
and for smelting the obtained iron sponge particles 
in a meltdown gasifier. A coal fluidized bed is 
formed in the meltdown gasifier by supplying coal 
and oxygen-containing gas, in which the heat neces-
sary to smelt the iron sponge particles as well as 
the reducing gas to be injected into the shaft fur-
nace are produced. 

This presumably is similar to the process which has 
been proposed for funding under the Clean Coal 
Technology Program, first by Weirton Steel, then, 
after their withdrawal, by the State of Minnesota 
and USX Corporation. 

As described in the patent, the top gas remaining 
after the iron reduction is drawn off the upper part 
of the shaft furnace and the dusty particles of coal 
are washed out. 

A process of this kind is described in Austrian 
Patent No. 376,241. There, the solid matter 
separated from the reducing gas and from the top 
gas by means of a hot cyclone or in scrubbers is 
agglomerated into shaped coke, which is then top 
charged into the meltdown gasifier. 

However, the expenditures involved in briquetting are 
relatively high and the temperature of the coal 
fluidized bed cannot be controlled to a sufficient 
degree, which may lead to the deposition of tarry 
components in the meltdown gasifier. 

The invention aims at avoiding these disadvantages 
and difficulties in that the suspension of the washed 
out solid particles is thickened, separated into a 
clear overflow and a concentrated coal slurry, the 
coal slurry is recycled into the meltdown gasifier, is 
pressure-gasified with oxygen and Is burnt by means 
of burners arranged in the upper part of the 
meltdown gasifier and directed towards the coal 
fluidized bed. 

As shown in Figure 1, a direct reduction shaft fur-
nace and a meltdown gasifier are combined into a 
single structural unit. The reduction shaft furnace 
comprises an inlet for iron oxide particles and an 
inlet for reducing gas. Furthermore, the shaft fur-
nace, in its upper part, includes a discharge duct 
for the top gas remaining after the reduction.

FIGURE 1 
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The meltdown gasifier, which Is integrally connected 
with the reduction shaft furnace, comprises a lower 
section for molten metal and slag, a central section 
for a coal fluidized bed, and a widened upper sec-
tion, which serves as a killing space. In the 
meltdown gasifier, a supply duct for coal and a 
supply duct for fluxes are provided in the upper 
killing section and a supply duct for coal is 
provided In the central section. In the border 
region between the central section and the lower 
section, the meltdown gasifier Is provided with inlet 
nozzles for oxygen-containing gas. In the region of 
the central section, additional supply ducts for water 
and hydrocarbons may be provided. A tap hole for 
molten metal and a tap hole for slag are provided 
in the lower part of the meltdown gasifier. 

4-28	 SYNTHETIC FUELS REPORT, MARCH 1988



The upper killing section comprises a discharge duct 
for the reducing gas formed, which leads to a hot 
cyclone, from where the reducing gas partially treed 
from solid particles is guided into the upper shaft 
furnace. Another portion of the reducing gas Is 
guided to the gas scrubber, where the remaining 
solid particles are washed out and guided to a solids 
collector. 

The top gas from the reduction shaft furnace is 
guided to the upper gas scrubber, the suspension of 
washings and solid particles also being sent to the 
solids collector. 

Part of the excess gas coming from the gas scrubber 
may be compressed and returned to the hot cyclone 
as a cooling gas, - and from there may be guided to 
the reducing gas Inlet of the shaft furnace. 

The coal particle suspension is separated into a 
clear overflow and a concentrated coal slurry. The 
coal slurry Is introduced into a homogenizing vessel. 
Into this homogenizing vessel, added fine coal is In-
troduced and, if desired, fine lime. 

The concentrated coal slurry with a solids content 
of from 50 to 80 percent is pumped to one or a 
ring of burner(s) penetrating the wan or the killing 
space of the meltdown gasifier. In the combustion 
space(s), the pressure gasification of coal dust takes 
place under the formation of a flame jet, which Is 
directed downwardly onto the coal fluidized bed. 

The	 advantages	 of the	 process	 are	 that	 the	 solid 
particles	 separated in	 the	 cyclone	 and	 in	 the	 gas 
scrubbers,	 which	 substantially consist	 of	 carbon,	 can 
be	 reused	 without any	 further	 treatment,	 with	 a 
carbon	 conversion of	 up	 to	 99	 percent	 being	 at-
taIned,	 and	 in	 that a	 favorable	 temperature	 profile 
Is	 developed In the meltdown	 gasifier.	 In the killing 
space	 or	 section of	 the	 meltdown	 gasifier,	 higher 
temperatures	 than so	 far	 are	 attained,	 thus	 also 
reaching	 a	 better preheating	 of	 the	 materials	 top-
charged into the	 meltdown gasifier,	 i.e.,	 coal,	 fluxes 
and	 iron	 sponge. A	 further	 advantage	 consists	 In 
that	 the	 undesired separation	 of	 tar and tarry	 com-
ponents	 is	 prevented	 due	 to	 the	 higher temperature 
prevailing	 in	 the killing	 space	 of	 the	 meltdown 
gasifier.

## #4 

COAL HYDROGENATION WITH INTEGRATED GROSS OIL 
REPINING YIELDS IMPROVED PERFORMANCE 

The story of how a new twist on an old technology 
was developed was revealed in a paper by 
B. 0. Strobel and F. Friedrich of liergbau-Forschung 
GmbIl, Essen, West Germany, at the International 
Coal and Gas Conversion Conference held in Pretoria, 
South Africa last year. 

They note that several coal hydrogenation processes 
have been developed to the point of technical

availability. A number of novel features have been 
successfully incorporated, but the competing schemes 
can all still be seen as mere modifications of the 
conventional high-pressure hydrogenation process. 
Apart from the process steps they have all in com-
mon (slurry preparation, solvent recycle, indirect 
preheating, asphaltenes and solids separation, etc.), 
there Is another joint feature. The coal oils 
produced are unacceptably high In oxygen and 
nitrogen contents and require extensive further 
refining prior to hydrocracking, reforming or use as 
marketable fuels. Particularly in view of the black 
sediments which form during even short storage, and 
which are severely poisonous to upgrading catalysts, 
the syncrudes hardly qualify as distillates. 

A further aspect that requires attention Is that the 
raw syncrudes are perceived as it potential health 
hazard, at least In the working field. In syncrudes, 
polynuclear aromatics, aromatic nitrogen bases, ben-
zene, and to some degree phenols are of relevance 
to health considerations. It has therefore been 
recommended that the coal hydrogenation processes 
be operated or modified so as to yield lower bolting 
and preferably saturated coal oils. 

Integrated Product Refining 

Conventionally, refining of the syncrude is carried 
out In an additional high-pressure process plant 
separate from the coal conversion unit (Figure 1). 
Various attempts at Integrated refining have been 
made. With a low level of integration, the raw net 
product oil Is taken from the cold stripper of the 
coal hydrogenation unit and immediately fed to the 
preheater of the refining unit with no depressuriza-
tion. With ultimate Integration on the other hand, 
all the intermediate stripper overhead vapors and 
gases are temperature-adjusted by heat exchange and 
directly led to the fixed-bed catalytic refining reac-
tor (Figure 2). Thus, the only additional equipment 
required (heat exchanger, refining reactor) is fully In 
the process stream and there Is only one joint 
hydrogen makeup and recycle gas system. 

The catalyst works in a product vapor phase.	 By
cooling the reactor effluent, refined coal oil is con-
densed and obtained from the cold stripper. As it 
result of the rejection of the heteroatorn.s and in 
spite of appreciable saturation of the aromatics, the 
refining step brings about some loss in overall oil 
yield. 

Integrated Gross Oil Refining 

In the course of Investigations aimed at clearing up 
the role of the phenols in coal hydroconversion, 
researchers on the Kohleol Process ran a blank test 
which required neutral recycle oil. Rather than 
spending too much effort with a difficult acid/base 
wet extraction procedure, an integrated recycle-oil 
hydrorefinlng reactor was temporarily set up. To 
make sure that definitely no phenols would get into 
the recycle oil, the flash distillate was continuously 
injected into the hot separator overhead line and 
thus also refined (Figure 3). 
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All	 oils	 Involved	 in the	 liquefaction	 process are thus 
hydrotreated simultaneously (gross	 oil	 refining).	 Con-
sequently,	 much as	 in net	 oil	 refining, a 
stoichiometric	 yield reduction was expected.	 But in-
stead	 of	 being	 lower,	 the oil	 yield	 proved	 to be 
significantly	 higher (Figure 4,	 IGOR	 mode).	 C 5 + oil 
was	 recovered	 at 55.5 percent	 rather	 than at 
48.5	 percent	 yield on	 dry ash	 free	 coal.	 Butanes 
made	 another	 5.5 percent; thus	 the	 C 4 +	 yield was 
61 percent.

Due to the much higher space velocity In the 
catalytic reactor (four times that which had been

typical in the net oil refining mode), the refining 
efficiency dropped markedly. 

Once equilibrated through continual recycling, the 
process solvent will resemble an inert diluent that 
does not undergo further hydrogenation reactions. 
Seen from this point of view, the gross oil refining 
catalyst is merely treating net product oil, although 
under moderately favorable space velocity conditions. 
Theref ore it seemed promising to apportion the 
catalyst into two separate but smaller reactors, with 
the first one employed for gross oil and the other 
one for net oil treatment only (Figure 5). 
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FIGURE 5 
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The results received from a test run with the ap-
propriately rearranged process development unit (mu) 
fully met expectations, as both high oil yield and 
perfect quality were obtained (Figure 4, IGOR+ 
mode). 

Unrefined syncrude from	 the	 Kohleol process, though 
recovered	 at	 good yield,	 is	 fairly	 low	 in boiling 
range; the	 naphtha fraction	 C 5 -/-200°	 C	 makes	 up 
roughly one	 third of	 the	 total	 oil	 produced. The 
refined oil	 has	 an even	 lower	 boiling	 end; nearly 
half	 of it	 consists of	 naphtha.

Hydrogen Consumption 

Naturally, hydrogen demand In a coal liquefaction 
process with an Integrated refining step will be con-
siderably higher than in a mere syncrude producing 
one.	 But the extra hydrogen amount is, for the 
most part, found In the product oil. In other 
words, separate syncrude upgrading would spend 
about the same amount of hydrogen or probably 
more, because of the additional equipment-related 
losses. 

Mechanism 

Two possible mechanisms were considered to be 
responsible for the improved conversion in integrated 
gross oil refining: As the continually-regenerated 
recycle oil is extensively saturated during refining, 
It might possess a particularly good hydrogen donor 
potential. By the same token, refining reactions and 
hydrogen uptake result In a substantially lowered

boiling curve so that the correspondingly enhanced 
stripping in the coal conversion reactor may create 
some extension in liquid/solid phase residence time. 

A series of mini-autoclave tests was carried out in 
order to determine the decisive mechanism. There 
were no differences to be seen which would indicate 
any superior hydrogen donor action of the 
hydrogen-rich refined solvent. The test results sug-
gest that the improved conversion in the IGOF1 
process mode has a residence time basis. 

A novel tracer technique was used with Gadolinium 
as a tracer. Tracer response signals obtained from 
PDU test runs having identical coal feed rates 
showed very marked differences. The average 
liquid/solid phase residence time in the IGOR mode 
was found to be more than twice that existing in 
the conventional Kohleol process. This not only 
gave a satisfactory explanation of the "driving 
force' behind the unpredicted improvements obtained, 
but also Is seen as an impulse to reconsider coal 
hydrogenation reactor design. 

Operation 

The refined oil,	 thoroughly different from any 
syncrude, Is water-white, stable in storage, and 
completely free of coal-oil odor. 	 Less obviously, 
practically all process internal oil streams, 	 par-



ticularly the recycle solvent Inventory, are similarly 
odorless and separate easily from water. Moreover, 
any biotoxic potential suspected in the previous 
process liquids has probably been removed with in-
tegrated refining. 

The findings and improvements looked attractive 
enough to be tested on a larger scale. Ever since 
mid-1986 Ruhrkohle AG and Veba Oel AG have 
operated their 200 tons per day Kohleol pilot plant 
at Bottrop In the Integrated Gross Oil Refining mode. 
According to the authors, the results have even ex-
ceeded expectations. 

P-GIG PROCESS SHOWS PROMISE FOR COAL 
GASIFICATION 

The Pressurized Coal Iron Gasification process (P-dC) 
is based on the injection of pulverized coal and 
oxygen into an iron melt at above atmospheric pres-
sure. The development started at the Royal In-
stitute of Technology in Stockholm In the beginning 
of the 1970's with the non pressurized CIG. Over 
the years work has been done on ironmaking, coal 
gasification and ferro alloy production in laboratory 
and pilot plant scale. A progress report on the 
process was given by C-L Axeisson, of the Royal In-
stitute of Technology, Sweden, at the Coal Power 87 
Conference held in Duesseldorf, Germany last fall. 

In 1984 Interproject Service AS ([PS) of Sweden and 
Nippon Steel Corporation (NSC) of Japan signed an 
agreement to develop the P-GiG process in pilot 
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plant scale. The pilot plant system was built up at 
the Metallurgical Research Station (MEFOS) in Lulea, 
Sweden. The first tests started in 1985 and several 
test campaigns were carried out until 1986. The 
results were then used for the design of a 
demonstration plant with a gasification capacity of 
500 tons of coal per day. 

The bottom blowing process for injection of coal and 
oxygen in the Iron melt gives strong reducing condi-
tions. In combination with the high temperature and 
the carbon (2-4 percent) dissolved in the melt, this 
provides for stability of the gas composition and 
sulfur pick up by the slag.	 The desulfurizatlon is 
also influenced by the slag composition. Slag 
formers such as lime or dolomite form a Liquid slag 
together with the acid components in the coal ash. 
A slag basicity (CsO/S10 9) of one to two prevents 
wear of the lining and dissolves three to four per-
cent sulfur as calcium sulfide. 

The injected coal powder is degasified and carbon is 
dissolved in the iron melt. Simultaneously it reacts 
with oxygen, mainly in the form of iron oxide 
formed when oxygen gas penetrates the melt. The 
iron melt with its solubility for carbon also acts as 
a carbon buffer which stabilizes the gas composition. 
The gas will mainly be composed of CO and H2 with 
small amounts (below 1.0 percent) of CO 2 and H20. 

Very small metallic particles are carried out with 
the generated raw gas. Most of these particles are 
iron, vaporized in the super-heated area near the 
tuyeres. The metallic dust also includes iron sulfide 
particles formed by the reaction between hydrogen 
sulfide and iron particles. The iron dust with its 
large surface area will act as a desulfurizer in the 
gas phase and reduce the sulfur content in the gas 
to very low levels (20-30 parts per million). 

The Main part in the P-GiG process Is the pres-
surized reactor. The steel vessel has a lining of 
refractory material to withstand the temperature of 
1,400-1,500° C. In the pilot plant experiments it 
was charged with up to six tons of iron. A special 
sealing system was developed in order to have a gas 
tight connection between the reactor and the slag 
separator.	 Coal powder, slag formers and oxygen
are Injected into the iron melt from the bottom of 
the reactor. The coal powder Is crushed to 
-1 millimeter and dried to about two percent mois-
ture. 

A mixture of coal powder and slag formers is 
pneumatically transported with nitrogen into the 
melt. The ash content of the coal reacts with the 
flux (burnt lime and dolomite) and forms a slag 
layer on the top of the iron melt. The overflow of 
slag is collected in the slag pot in the bottom of 
the slag separator. 

The produced gas is separated from slag particles in 
the slag separator and then quenched to 80 0 C in 
the gas scrubber.

Operational Results 

The test campaigns were mainly carried out In order 
to evaluate the effect of pressurization on the 
process. 

The gas evolution caused by the injection of coal 
and oxygen will cause a tremendous stirring of the 
iron bath. The gas throughput is one limiting factor 
for the specific gasification capacity of the process. 
An aim with the pressurization was to increase the 
specific feeding rate. Another aim was to evaluate 
sealing systems and process control during several 
days of operation. 

The gasification reactor was lined with high quality 
magnesia bricks. Burnt lime was added to neutralize 
the acid component (S102) in the ash, to reduce the 
wear of the lining and to increase the solubility of 
sulfur in the sing. The slag also has a solubility of 
MgO. Therefore dolomite was added with the lime 
to further reduce the lining wear. Different types 
of coal powder were mixed with the flux in iron 
ore fines for cooling the melt. 

The reactor was normally operated with a total 
pressure of three to 3.5 bar. The feeding rate of 
coal was increased from 250 kilograms coal per ton 
of iron per hour at atmospheric operation tip to 
nearly 500 kilograms per ton per hour at three bar. 
The carbon content of the melt, which determines 
the liquid temperature of the iron was controlled by 
the coal/oxygen injection ratio. 

The operation temperature was varied in the range 
of 1,350° C to 1,550 0 C and no significant relation 
between the temperature and the gas composition 
could be seen. The same conclusion was drawn from 
the influence of different pressures on the gas 
analysis. The major factor which determines the 
CO/11 2 ratio in the off-gas is the composition of the 
coal and the injected Gb 2 molar ratio. The feeding 
rates of coal could be varied in a wide range 
without influencing the gasification efficiency or the 
gas composition. The carbon conversion was in the 
range of 95-100 percent and could be controlled by 
changing the operational conditions. 

The sulfur behavior In the molten bath process is 
completely	 different	 from	 other	 gasification 
processes.	 Besides the fact that the slag dissolves 
sulfur, the process generates iron dust that desul-
furizes the gas. Both slag and dust give the 
process an unique flexibility to gasify coals with 
different sulfur content. It will be possible to keep 
the sulfur level in the gas below 20 milligrams sul-
fur per megajoule even with high sulfur coals. 

P-GIG Process Applications 

The P-C1G process generates a gas with a low level 
of impurities and a relatively high heating value 
(11-12 megajoules per cubic meter). The gas could 
therefore be used for a number of different applica-
tions. 
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Axeisson says that the project has been technically 
successful, no real setbacks have occurred. He feels 
that a technical lead In the gasification field has 
been obtained and is kept. 

The process originated from the development of a 
new coal based ironmaking method, smelting reduc-
tion. It is possible to produce liquid iron by using 
the gas from the gasifier for prereduction of the 
ore and using the gasifier Itself for smelting of the 
prereduced material. 

Another route is to make iron in the solid state, 
sponge iron, where the gas Is used for reduction. 
The sponge would then be further processed to steel. 
Many processes for sponge iron making are pres-
surized to between two to four bar and could be 
connected directly to the gasifier. 

Alternatively, the gas can be processed to yield 
methane or used as a feedstock for the synthesis of 
many chemicals. A large ammonia plant has been 
discussed in Sweden. 

The P-CIG process is also highly suitable for In-
tegration with combined cycle electric power genera-
tion. An important aspect is the sintering/melting 
tendency of the dust in the gas turbine. This was 
studied together with gas turbine producers and 
P-CIG gas including traces of dust will be suitable 
for gas turbine operation. 

The Demonstration Plant 

A 500 tons of coal per day demonstration plant has 
been designed and cost estimated for Swedish and 
Japanese conditions. The gasification system consists 
of a reactor with a charge weight of iron of 
40 tons. Twenty-two tons per hour of raw coal is 
crushed, dried and mixed with five tons of flux and 
Injected together with 9,000 cubic meters of oxygen. 
Steam is used for cooling the melt. Forty thousand 
cubic meters of gas per hour is produced at a pres-
sure of four bar. The reactor will be prepared for 
operation at 20 bar in a second step. The produc-
tion of gas in large units is expected to make the 
P-GIG gasification process economically competitive 
with other energy sources especially as environmental 
aspects will be stressed in the future. 

Vessels with a charge weight of 400 tons of iron 
have been manufactured for the steel-making in-
dustry. One such unit could theoretically gasify 
200 tons of coal per hour corresponding to more 
than 400,000 cubic meters of gas per hour. Several 
processes are available for slag treatment and waste 
heat recovery from slag. The composition and other 
properties of the slag are similar to blast furnace 
slag and could be handled in the same way.

CHEMICALS FROM COAL SUBJECT OF NEW BOOK 

Chemicals From Coal: New Processes, Critical 
Reports on Applied Chemistry, Volume 1.4 edited by 
K. R. Payne, is a new book from John Wiley a Sons, 
published for the Society of Chemical Industry. 

The first volume of chemicals from coal (Chemicals 
from Coal: New Developments, Critical Reports on 
Applied Chemistry, Volume !) included chapters on 
the overall economics of coal chemistry and recent 
technical advances In the pyrolysis and liquefaction 
of coal. The present volume completes this review 
of the production of coal-based chemicals with 
chapters on the gasification of coal, the Fischer-
Tropsch process, and a study of the calcium carbide 
route to coal-derived chemicals. 

The chapter on gasification provides a good overall 
description of generic coal gasification techniques. 
Also of interest is the listing of commercial coal 
gasification plants worldwide, showing some 196 Lurgi 
gasifiers, 26 Koppers-Totzek gasifiers, and 34 Winkler 
gasifiers. 

In addition to the expected coverage of Fischer-
Tropsch and C 1 chemistry, the book includes a useful 
chapter on the now-neglected route to chemicals 
from coal via calcium carbide. 

The book provides a short (109 pages), and highly 
readable overview on the technology of manufactur-
ing chemicals from coal-derived synthesis gas. its 
conclusions as to why coal gasification products and 
byproducts from the Sasol plants In South Africa 
have failed to dominate the chemical markets should 
be studied by anyone planning a new coal gasifica-
tion venture. 

4-33	 SYNTHETIC FUELS REPORT, MARCH 1988



INTERNATIONAL 

SHANXI PLANS COAL CONVERSION PLANTS 

According to an article in the China 2I heavy 
investment Is to be Injected to develop Shanxi 
Province into China's largest energy production cen-
ter to ease the country's power and fuel shortages. 

Located in the center of North China, Shanxi will 
need about 4.5 billion yuan ($1.2 billion) this year 
to build or renovate coal mines, thermal power sta-
tions, railway lines, and other projects, says the 
Provinces Planning Commission. 

The investment will help realize the province's ambi-
tion of supplying its coal to the whole country and 
becoming the largest coal exporter in China. 

The energy center development, under the overall 
planning of the Shanxi Energy Office, is expected to 
mine 270 million tons of coal in the province by 
1990, compared with 220 million tons In 1986. Out-
put will be raised to 400 million tons by the year 
2000. 

By 1990, new thermal power stations with a com-
bined generating capacity of 2,500 megawatts will 
start operation in Shanxi. 

Five railways covering 560 kilometers are being built 
In the province. 

Negotiations are said to be under way with foreign 
investors to build several large coal liquefaction and 
chemical factories. Big mines similar to the 
Pingshuo Coal Mine, a Sino-United States joint yen-
tune, will be established if possible.

high-pressure, continuous gasifier.	 CPU cools the 
gas with a water quench to about 250 0 C.	 This 
knocks out the liquid and solid impurities. Other 
gasifier operations have not used a quench because 
this normally costs about three percentage points in 
thermal efficiency, compared with the use of high-
pressure direct boilers for gas cooling. Humphreys & 
Glasgow, however, claims to have found a way to 
use almost all of the low-level energy from the 
quench. The CPG has a thermal efficiency of 
37 percent--about the same as achieved by some of 
the largest and most efficient conventional coal-fired 
plants.	 And it compares favorably with a Cool 
Water type facility using high-pressure direct boilers. 

Until patents have been granted, neither Humphreys 
& Glasgow nor Nykomb will tell how CPG is able to 
utilize most of that low-level energy from the 
quench step. 

INDIA PLANS HORIZONTAL WELL FOR UCG 

India's Oil and Natural Gas Commission has announced 
plans to drill a horizontal well as part of its in 
situ coal gasification program near Mehsana in 
northern Gujarat. The well will be drilled through a 
coal seam at a depth of 2,950 feet. 

MORE DETAILS RELEASED ON IIUMPIIREYS a GLASGOW 
PROCESS 

Humphreys & Glasgow Ltd. of London and Nykomb AS 
of Stockholm had announced a new coal gasification 
process (Pace Synthetic Fuels Report, December 1987, 
page 4-10). More details on the process have been 
revealed by way of an article in Chemical Engineer-
Ing. The process is referred to as Clean Power 
Generation (CPG). 

The CPG uses the integrated coal-gasification com-
bined cycle (IGCC) arrangement, consisting of coal 
gasification and gas cleanup, followed by power gen-
eration in gas turbine /alternators, and by steam gen-
eration to obtain additional power from steam 
turbine /alternators. 

Any available coal gasification system may be used. 
The difference Is in the cleanup methods that CPG 
will use for the raw gas from coal gasification in a

NEW 200 TPD RIGht PRESSURE SLAGGER DUE AT 
WESTFIfl.D IN 1988 

The British Gas Lurgi Slagging Gasifier (BGL Gasifier) 
has been developed by British Gas and Lurgi at the 
British Gas Westfield Development Centre in Fife, 
Scotland. Work commenced in 1975 and during the 
following decade development and demonstration in-
volved the use of a 350 ton per day gasifier using 
a combination of British Gas and Lurgi technology. 

The experience gained was then incorporated in a 
large scale gasifier with a capacity of approximately 
550 tons per day of coal. Following successful 
commissioning of this unit It is now being used to 
demonstrate the gasification of a wide range of 
coals with emphasis on the utilization of coals with 
a high fines content typical of "run of mine' coal. 

The operational plant installed at Westfield in 1960 
included four standard three meter diameter Lurgi 
dry grate gasifiers. These units produced town gas 
until 1974 when the advent of natural gas in the 
locality made them unneeded. 
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The facilities on the site made it an excellent loca-
tion for the development of a high pressure coal 
gasification plant. 

In addition to the current 550 ton per day gasifier, 
an experimental gasifier designed to operate in the 
fixed bed stagger mode at pressure up to 
70 atmospheres is being constructed. It is designed 
for a throughput of 200 tons per day. 	 Completion 
of construction is expected in mid 1988. The unit 
is to be used to study the effect of pressure on 
methane production and gasifier performance. 

The initial development and demonstration program 
was completed in 1982 utilizing a 350 ton per day 
unit with a reactor diameter of six feet. 

Having demonstrated the viability of the process at 
this scale, a large gasifier incorporating design im-
provements developed during the operation of the 
350 ton per day unit was constructed. The internal 
diameter is seven feet, six inches, equivalent to a 
coal throughput of 550 tons per day. The length 
was Increased to allow for a deeper fuel bed iden-
tified as a desirable feature. 

The general arrangement of the 550 ton per day DCL 
gasifier is shown In Figure 1. 

The Demonstration Program at Westfield 

The earlier program at Westfield using the 350 ton 
per day gasifior demonstrated the operability of the 
gasifier, the program culminating In a 90-day run 
which provided assurance of the satisfactory perfor-
malice of the gasifier. The current 550 ton per day 
gasifier size is appropriate for many commercial 
needs and the present program will conclude with a 
90-day proving run to be carried out in 1988. 

It has already been demonstrated that the gasifier 
will operate satisfactorily at the design load. With 
tar recycle to the distributor a fines content of up 
to 35 percent of the coal feed is achievable. 

An objective was to demonstrate the capability to 
recycle hydrocarbons to extinction through the 
tuycrcs of the gasifier. It has been demonstrated 
that this can be readily done using only two 
tuyeres. It has also been shown that the tar 
recycled to the coal distributor is substantially 
gasified. There is therefore no difficulty in dispos- 
ing of the hydrocarbon byproducts within the 
gasification	 area	 leaving	 no	 net	 hydrocarbon
byproduct. 

A major part of the program concerns the utilization 
of fine coal over and above that readily Included 
with the top feed. A number of options are avail-
able. One of these techniques is to agglomerate the 
fines and add the agglomerate to the top coal feed. 
An advantage of this Is that It maximizes methane 
yield and enhances gasifier efficiency. To this end 
a thousand tons of pitch bound briquettes were made 
on a commercial unit and shipped to Westfield. The 
gasifier was operated under various conditions up to
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a maximum of 50 percent briquettes and 50 percent 
coal by weight. Operation was completely success-
ful. 

An alternative type of agglomerate is obtained by 
pelletizing fine coal using a bentonite hinder. Itu 
order to evaluate this technique approximately one 
thousand tons of pellets were made from Markham 
coal on a commercial plant situated in Yorkshire and 
shipped to Westfield. This was to be followed by a 
run in which pellets made from Pittsburgh 8 coal 
will be gasified. 

The program terminates	 with	 a long run of	 90 days 
operation during which some	 of the product	 gas	 will 
be used in the turbine and some	 will be methanated 
to	 demonstrate the	 production of SNC	 (synthetic 
natural gas).

Work following this run will include the operation of 
the new experimental high pressure gasifier. 
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CONSTRUCTION OF 111W FLUIDIZED RED PILOT PLANT 
TO BEGIN IN 1988 

The status of process development work on the 
high-Temperature Winkler (IITW) Process was discussed 
by Rheinische Braunkohlenwerke AG of the Federal 
Republic of Germany at the Seventh EPRI Conference 
on coal gasification. 

The 111W process Is a fluidized-bed gasification 
process operating at a temperature below the ash 
softening point. Gasification pressure can be ad-
justed to the application requirements, mainly in the 
10 to 30 bar range. The coal is fed into the 
gasifier in a dry state, and the ash is discharged in 
a dry state also. 

Because of its characteristics the 111W process has 
the following advantages: 

- Low oxygen consumption 

- No fine-grinding of the feedstock required 

- High flexibility with regard 10 different 
feedstocks 

- Great range of potential process applications 

With Rhenish Lignite, the 111W process can be used 
both for the production of synthesis gas as a chemnN 
cal feedstock and of low-BTU gas for power genera-
tion in the combined-cycle gas/steam turbine system. 

A 30 ton per hour 111W demonstration plant, operat-
ing at a pressure of 10 bar, has been running since 
t986. In 1987 the successful test operation of the 
111W demonstration plant was continued. Process im-
provements were made with naphthalene separation 
from the raw gas and in the waste water pretreat-
'neat unit.	 By these measures it was possible to 
significantly increase plant availability.	 Results
through late 1987 include: 

Gasifier operation:	 5,500 hours 
Lignite Input (maf): 	 115,000 metric tons 
Synthesis gas output: 120 million cubic mters 
Methanol production:	 34,000 netric tons 

All values achieved for specific gasification rate, gas 
yield and carbon conversion exceed the design 
parameters. This also applies to oxygen consumption, 
which undercut expectations by almost 10 percent. 

After failures, such as electric power breakdowns, 
the gasifier can be brought back to full operation 
within 30 to 45 minutes from ignition. 

Process Engineering 

From Its startup, the 2.75 meter gasifier of the 
demonstration plant exceeded its design parameters 
even in continuous operation. Thanks to low CO2 
formation in the gasifier the content of usable gas 
(Co + ii) In the raw gas Is about 75 volume per-
cent instead of 70 volume percent as expected.

At first two cyclones and one water scrubber were 
used downstream of the gasifier for dust separation. 
The particles separated in the first cyclone were 
recycled to the fluidized bed of the gasifier while 
those retained by the second cyclone were dis-
charged from the process through a lock-hopper sys-
tem. Tests were successful in showing that the 
second cyclone can be dispensed with without over-
loading the water scrubber with solids. 

Two units that failed to meet expectations at first 
were the waste water pretreatment unit and the 
Stretford plant for recovering elementary sulfur from 
the acid gases washed out in the Rectisol plant. 
The waste water pretreatment unit Is to strip most 
of the ammonia from the waste water before it is 
fed to a biological treatment plant. But after 
modifications of both units were carried out, overall 
plant	 operation	 is	 no	 longer	 fundamentally
obstructed. 

Future Objectives of Demonstration Plant 

Test operation will continue with the following tar-
gets: 

- Further increase in availability 

- Extended-time testing of plant components 

- Full-load testing of the gasifier units of
performance and of operational flexibility 

- Investigation of materials behavior (corrosion) 
during extended-time operation 

- Modifications to optimize and simplify plant 
design 

- Further investigation of environmental aspects 

IGCC System with Integrated 111W Gasification 

Rheinische Braunkohlenwerke has studied the use of 
the 111W gasifier for power generation in combined-
cycle power stations with integrated coal gasifica-
tion. These considerations were intensified when in 
1983 statutory emission regulations came Into force 
providing that boilers fired with pulverized lignite 
have to have flue gas desulfurization (FCD) and NOx 
reduction. Another reason why the 111W process Was 
chosen for the said study is that, besides its known 
advantages in gasifying reactive carbon carriers, it 
can use air instead of oxygen as the gasification 
agent. 

Figure 1 shows a simplified flow scheme of the IGCC 
plant studied, assuming air as gasification agent and 
a net power output of 653 megawatts. The 
gasification concept provides for six gasifiers when 
air is used, and for four gasifiers when oxygen is 
used, with one standby unit in each case. It Is a 
conservative design concept which may allow a 
reduction in the number of gasifiers. The gasifica-
tion pressure is 25 bar. 
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FIGURE 1 

HTW—IGCC POWER STATION 
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Regarding dust emissions, the values obtained for the 
IITW-IGCC power station are about 25 percent tower 
than for a conventional station. The SO 2 emissions 
of the UTW-IGCC power stations are only one-third 
of those from a comparable lignite-fired power sta-
tion, assuming a 95 percent desuifurization. And the 
t40, emissions from the 10CC station are about 
one-bait of those from the lignite-fired station, 
which were assumed to be 200 milligrams per cubic 
meter. 

With a gas turbine inlet temperature of 1,2200 C, 
the capital cost for }ITW-IGCC is estimated at 
2,700 deutsche mark per kilowatt when either air or 
oxygen is used. When air is used for gasification 
no air separation plant is required, but the costs 
saved are set off by the larger number of gasifiers. 
The specific capital costs are about 10 percent 
lower than for a conventional lignite-fired power 
station with flue gas desulfurization (FeD) and NO  
reduction. 

When the costs of power generation are determined 
on the basis of the said capital costs, a 15 percent

cost advantage results with a gas turbine inlet tem-
perature of 1,220 0 C compared with a conventional 
lignite-fired power station including FGD and NOx 
reduction, while with a gas turbine inlet temperature 
of only 1,0000 C the power generation costs are al-
most the same. 

Fluidized-Bed Pilot Plant 

A step-by-step development and demonstration 
program for an lace power station with HTW 
gasification is planned including: 

- Continued demonstration and extended-time 
proof of the industrial-scale 2.75 meter 
gasifier at a 10 bar pressure at the Berren-
rath demonstration plant 

- Operation of a new HTW pilot plant 
(fluidized-bed pilot plant) at a pressure of 
up to 25 bar 

The new fluidized-bed pilot plant Is to gain ex-
perience with the operation of the 1ITW gasifier at 
the elevated pressure required for 10CC technology. 
This plant will investigate a range of possible 
feedstocks and also study improvements in economic 
viability by raising process efficiency and lowering 
plant costs. In particular, an increase of the 
fluidizing gas velocity up to a circulating fluidized-
bed mode is to be tested. This is a logical further 
step of development since the IITW gasifier has al-
ready been operating successfully using dust recir-
culation to the fluidized bed. 

For the	 new	 fluidized-bed	 pilot plant, an existing 
and currently	 mothballed pilot plant and Its	 in-
frastructural installations will	 be used. The neces-
sary refitting	 is	 scheduled	 to	 be completed by	 mid-
1989 (see	 time	 schedule, Figure 2). The refitted 
pilot plant	 will	 have	 a throughput	 of 6.5 tons	 of 
dry lignite	 per	 hour. The design allows	 for 

FIGURE 2 
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gasification	 both	 with	 0 2 /steam and air/steam.	 in 
addition	 to	 gasifier testing,	 it Is planned	 to	 test 
dust	 separation	 from the	 rely gas at	 temperatures 
between about 3500 and 4000 C by a	 ceramic	 filter 
System.

#411111 

USE AMMONIA PLANT GASIFIES VARIETY OF COALS 

Ube Industries, Ltd. (Ube) completed the world's first 
large-scale ammonia syngas plant based on the 
Texaco Coal Gasification Process at its subsidiary 
company, Ube Ammonia industry Co., Ltd. in 1984, 
after an extremely short period of construction and 
commissioning. This project installed the new coal 
gnsification unit as an alternative "front end" of the 
existing steam reforming unit, retaining the original 
syngas compression and ammonia synthesis facilities. 

Ube Ammonia has beer, successfully operating this 
commercial	 plant	 at	 the	 rated	 capacity	 of
1,000 metric tons per day of ammonia without a 
hitch since its startup. As reported to the Fourth 
Annual Pittsburgh Coal Conference, the plant is now 
utilizing various coals from Canada, Australia, South 
Africa and China and also petroleum coke. 

Ube's History of Ammonia Manufacture 

Ube is a city located in the western part of Japan. 
The district of Ube contains subbituminous coal 
reserves. The history of Ube dates back to 1897 as 
a coal mining company. in 1934, Ube for time first 
time launched the manufacture of ammonium sulfate 
fertilizer by applying the Koppers low temperature 
carbonization process for gasifying the inferior coal 
produced in Ube's own coal mine. During the 1950's, 
the company switched from solid feedstock to liquid. 

In 1960, hJbe Put into operation a crude oil gasifica-
tion unit with the Texaco crude oil gasification 
process. At the same time Ube made improvements 
on the Texaco oil gasification plants to utilize 
vacuum residual oil in order to keep the small-scale 
plant still competitive. Development of this technol-
ogy alloncd Ube in 1982 to modify the plants to 
essentially utilize petroleum coke as feedstock. This 
valuable experience of feeding the solid material 
played an important role during the implementation 
of the subsequent coal gasification project. 

Aft-sr the first oil crisis, Ube decided to utilize the 
coal gasification project and in 1982 'vent ahead 
with construction of the coal gasification plant at 
Ube Ammonia. The Ube Ammonia plant successfully 
started its operation for continuous production of 
ammonia from coal in mid-1984, after an extremely 
short design and construction period of 21 months. 

D1gn Philosophy 

The objective of the Ube Ammonia project was to 
build u new ammonia syngas production facility based

on coal and to link to the syngas compressor in the 
existing conventional Kellogg ammonia synthesis sec-
tion which is utilized as it is. For this mason the 
gasification pressure was set so that the syngas 
after the final purification was at the same pressure 
as the syngas compressor suction, 

Further, in order to cope with any changes in the 
future energy situation, the new facilities were 
designed so as to be capable of processing various 
kinds of coal, or other solid feedstocks such as 
petroleum coke. 

Description of Ube Ammonia Plant 

Three trains of ball mills are provided to obtain a 
coal/water slurry with stable properties. Two of 
them are normally In operation, one is on standby. 
The slurry stored in a slurry tank is continuously 
pumped into the gasifier. 

There are four complete trains of the quench-mode 
gasifiers. Three trains are In operation with one on 
standby. Each train Is capable of generating syngas 
equivalent to 350 tons of ammonia from 500 tons of 
coal a day. 

The ash hopper is periodically Isolated fro'n the 
gasifier to discharge the collected slag in the form 
of slag/water fixture. 

Additional hydrogen is produced by water gas shift. 
The sulfur-active catalyst in three stages reduces 
the CO concentration to a very low level. Neat of 
the reaction is recovered as saturated stea.n-.vhich 
drives an electric power generator. 

The Reetisol process is incorporated to selectively 
remove carbon dioxide and hydrogen sulfide from the 
process gas. 

The hydrogen sulfide fraction fran the acid gas 
removal section Is processed In a Claus unit and an 
aqueous ammonia scrubbing unit to recover elemental 
sulfur and ammonium sulfite, respectively. 

A small amount of residual carbon 'nonodde and 
carbon dioxide in the process gas froln the acid gas 
removal section is converted to innocuous methane 
over a catalyst. 

Operating Experience 

Overall plant economics generally is the key for 
selection of coals, but the fluid temperature of the 
ash is of 'such importance. The fluid temperature 
must be below the gasification temperature to ensure 
smooth slag removal from the gasifier. 

Another major consideration Is the slurry properties, 
especially solid concentration, which significantly af-
fects the gasification performance. The solid con-
centration in the slurry depends on the particle size 
distribution, coal characteristics and surfactant. 
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The Ube Ammonia plant has now gasified coals from 
Canada, Australia, South Africa, and China as well 
as petroleum coke. Typical physical properties are 
summarized in table 1. 

Canadian coal Is exclusively utilized during the 
gasifier startup for prevention of air pollution as it 
contains a very little sulfur. Australian coal has 
been principally used, followed by South African and 
Chinese coal.

Typical gasifier performance on the Canadian and 
Australian coal and petroleum coke is presented in 
Table 2. 

The carbon conversion on coal turned out to be 
mostly over 98 percent, which is much higher than 
expected. The carbon conversion on petroleum coke 
Is more sensitive to the gasification temperature and 
the characteristics of petroleum coke. The conver-
sion usually reaches 95-98 percent. this lower con-

TABLE 1 

TYPICAL EEWSnXXS FOR USE AMMONIA PLANT 

South Pet roleuii 
Coal Origin/Coke Canada Australia Africa China Coke 

Proximate Analysis 
Moisture	 (lVt%) 7.5 1.0 3.2 7.5 - 
Ash	 (WtVG) 10.3 14.9 13.1 7.1 0.6 
Vol. Matter	 (Wt%) 34.1 46.7 28.9 29.7 10.8 
Fixed CArbon (Wt%) 48.1 37.4 54.8 55.7 98.6 

Gross Heating Value 
(Kea 1/(g) 6,190 6,190 6,700 6,700 8,600 

Ultimate Analysis 
C	 (IYt96) 69.7 66.8 09.5 76.0 88.5 
U	 (wtca) 4.6 5.0 4.1 3.8 3.5 
0 (Wt?6) 13.9 7.3 9.9 10.6 2.0 
N	 (Wtc6) 0.8 1.7 1.7 1. t 1.3 
S	 (wtca) 0.3 4.2 1.3 0.8 4. 
Ash 11.2 15.0 13.5 7.7 0.6 

Ash Fusion Tenperature 
(Reducing Atmosphere) 

I.T.	 (°C) 1,210 1,150 1,160 1,060 1,500 
F.T.	 (°C) 1,400 1,300 1,310 1,740 N/A 

TABLE 2 

USE GASIFIER PERFORMANCE 

Canadian Australian Petroleum 
Feedstock Coal Coal Coke 

Pressure (Kg/th 2G) 38-40 38-40 38-40 

Syngas Composition 
(Vo196,	 Dry Basis) 

II., 37.7 35.7 34.7 
Co 40.2 41.8 42.8 

21.8 20.6 20.8 
N 2 0.7 0.5 0.4 
11 9 S 700 ppn 1.4 1.7 
CU4 50 ppn 50 ppn 100 ppi 

Carbon Conversion (c&) 98-99 98.5-99.5 95-98
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version is most likely due to low reactivity originat-
ing from its high fixed carbon and low volatile mat-
ter content. 

During coal gasification, some slag sticks onto the 
gasifier refractories and piping. Therefore, scheduled 
maintenance is required.	 In such cases, full plant 
load Is held by switching to the spare.	 On-stream
days of a single gasifier are two to throe months 
on average. However, utilization of the spare 
gasifier allows nearly 100 percent overall plant on-
stream factor. 

Ube has demonstrated in laboratory scale that the 
slurry concentration can be raised to 70 weight per-
cent and plans to use this high concentration slurry 
In the plant operations. Raising the slurry con-
centration helps to cut down consumption of both 
coal and oxygen. 

The gasifier pressure shell is protected with refrac-
tories. As a result of intensive tests on the 
refractory material, durihg nearly three years of 
operation cxjnriencc, Ube now has much confidence 
that the refractories will last for up to two years. 

TWENTY TPD HYDROGEN-FROM-COAL PILOT PLANT 
BEING BUILT IN JAPAN 

In Japan, the New Energy Development Organization 
(F4ED0) was established by law in 1980, to accelerate 
the development of new energy technologies for the 
purpose of commercialization of all alternative 
energies except nuclear energy and oh. 

In recent years, FJEDO has promoted coal gasification 
technologies based on the fluidized bed. These in-
elude the HYBRID process for high-BTU gas making 
and the low-BTU gas making process for integrated 
combined cycle power generation. NEDO has also 
started to develop coal gasification technology based 
on the entrained flow gasifier and has executed a 
primary study on a multi-purpose coal gasifier for 
mediurn-IITU gas. A separate effort is under way on 
an entrained how gasifier for integrated combined 
cycle power generation (see Pace Synthetic Fuels 
Report December 1987, page 4-39). 

The multi-purpose gasifier was evaluated as a key 
technology for hydrogen production, since hydrogen is 
the most valuable among coal gasification products. 
NEDO decided to start the coal-based hydrogen 
production program at a pilot plant beginning in fis-
cal year 1986. Operation is planned to begin in 
fiscal year 1990. 

Features of the GasIficatIon Process 

The key technology of this gasification process is a 
two-step spiral flow system. 	 The system flow and 
reactions are shown in Figure 1.	 In this system,
coal travels along with the spiral flow from the up-

per part towards the bottom because the four burner 
nozzles of each stage are equipped in a tangential 
direction to each other and generate a downward 
spiral flow. As a result of this spiral flow, coal 
can stay for a longer period of time In the chamber 
and be more completely gasified. 

FIGURE 1 
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In order to obtain a higher gasification efficiency, it 
is necessary to optimize the oxygen/coal ratio 
provided to each burner. That is, the upper stage 
bunion produce reactive char and the lower stage 
burners generate high temperature gas. High tem-
perature gas keeps the bottom of the gasifier at 
high temperature, so molten slag falls fluently. 

The features of this gasification syste:n are as fol-
lows: 

- Dry coal teed system increases heat at-
ficiency as well as product gas yield. 

- Advanced two-step spiral flow gasification 
enables production of molten slag from coal 
ash at high temperature. 

- Slag self-coating refractory with water-
cooled tubes can achieve long life of furnace 
wall. 

- Two-step multi-burner system can gasify a 
large amount of coal in a small but easy to 
up-scale gasifier. 
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Description of the Pilot Plant 

The scale of the gasifier was decided on by con-
sidering the following requirements: 

- Maintenance work such as repair of refrac-
tory wails will be done frequently in a 
gasifier. There should be a space for a 
worker. 

- Heat loss should be kept as low as possible. 

- The scale-up ratio of the pilot plant to a 
future demonstration plant Is reasonable. 

The specifications of the pilot plant are as follows: 

Coal processing capacity 20 ton per day 
-	 Pressure 1.0 MPa 
-	 Tewerature 1,500 to 1,800 0 C 
-	 Oxidant Oxygen 
-	 Coal feed Dry 
-	 Slag discharge Slag lock hopper 
-	 Refractory lining Water-cooled slag 

coating

At the gasifier, coal pulverized to 200 mesh Is fed 
in dry through burner nozzles and gasified with 
oxygen. Product gas goes through two cyclones 
removing tine carbonaceous particles and is cooled 
by a heat recovery boiler and cleaned by water 
scrubber. Molten slag Is removed from the bottom 
of the gasifier through a water bath and a lock 
hopper. 

A CO shift converter for hydrogen production and a 
desulfurizer for gas purification are eliminated from 
this pilot plant because they can be handled very 
well through existing technologies and process. The 
pilot plant is under construction at Sodegaura, as 
shown in Figure 2, about 60 cllometers southeast of 
Tokyo. 

The targets for the pilot plant are as follow: 

- Carbon conversion	 98% (Taiheiyo coal) 
- Cold gas efficiency	 78% (Taiheiyo coal) 
- Thrperat'lre	 1,500 to 1,800 0 C 
- Continuous operation	 1,000 hours

FIGURE 2 
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Organization for Research and Development 

The execution of this project Is being carried out by 
the Research Association for Hydrogen for Coal 
Process Development, a joint undertaking by nine 
private companies, and is organized by NEI)O, which 
is largely financed by the Japanese government. 
Additional researches are also being conducted by 
several private companies to support research and 
development at the pilot plant. 

fin 

TEXACO COAL GASIFICATION PLANTS PLANNED 
WORLDWIDE 

Texaco's entrained flow, pressurized coal gasification 
process is in operation at four large-scale plants 
worldwide (Table 1). Two are located in the United 
States, and one each in Japan and Germany. Four 
others are In various stages of planning or con-
sideration. 
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TABLE I 

COAL GASIFICATION PLM4rs BASED ON THE TMLACO PROCESS 

Coal-
Throughput 

Project Tons/Day Products Status 

Chemicals From Coal! 820 Methanol, In Operation 
Tennessee Enstnbn (USA) Methylacetate, Since June 1983 

Acetic Anhydride 

Cool Water Coal Cast- 900 Fuel Gas For In Operation 
tication Program (USA) Combined Cycle Since May 1984 

Process	 (100 ifN) 

Ube Industries	 (Japan) 1,500 Ammnia In Operation 
Since August 1084 

Synthesegasanlage Ruhr 720 Synthesis Gas For In Operation 
(Fed. Rep. Gerrrmy) Oxo Products And Since August 1986 

Hydrogen 

Lu Nan (PR China) 380 ,moni.i Under 
Construct Ion 

Nynas Energy Chemicals 1,800 M,mnia, Hydrogen, Planning Stage 
Co.plex (NEX)	 (Sweden) Fuel Gas, Hot Water 

Moerdijilc/KEIA 1,700 Fuel Gas For Planning Stage 
(Netharlands) Co-rUined Cycle 

Process	 (250 IIWJ) 

Beijing (PR China) 1,000 Fuel Gas Planning Stage
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ENVIRONMENT 

REPOWERING REPORT FROM DOE CITES 
ENVIRONMENTAL BENEFITS FROM CLEAN COAL 
TECHNOLOGIES 

According to the United States Department of Energy 
(DOE), refurbishing aging coal-burning power plants 
with new clean coal technology could lead to deep, 
sustained reductions in environmental pollutants while 
potentially meeting much of the anticipated demand 
for new power capacity in the United States through 
the year 2010. 

These conclusions are reached in a report entitled 
The Role of Repowering in America's Power Genera-
tion Future. The report analyzes both the environ-
mental benefits and potential increases in nationwide 
generating capacity that could come from replacing 
older coal-fired boilers with new fluidized bed or 
gasification combined cycle power systems. 

A repowered coal-fired plant would retain much of 
its existing solids handling equipment and virtually 
all of its steam cycle and electrical generating and 
power conditioning hardware. The aging boiler, 
however, would be replaced by new clean coal tech-
nology. In some cases, a gas turbine might be 
added to produce a dual source of electricity in 
combination with the plant's conventional steam 
turbine -generator. 

According to the Energy Department's report, 
repowering today's fleet of fossil fuel power plants 
could potentially lower sulfur pollutant emissions by 
4.4 to 9.3 million tons per year, compared to 1980 
emission levels. The actual amount would depend 
upon the repowering technology chosen for individual 
power plants. 

Acid rain control legislation pending in Congress 
calls for a nine to 10 million ton per year reduction 
in sulfur emissions using predominantly existing tech-
nology. But the Energy Department's report shows 
that under an "acid rain control scenario," emission 
levels could begin to rise again as new power plant 
construction overtakes the limitations of conventional 
pollution control technology. 

Because of their improved environmental performance, 
the report says, repowering existing plants and con-
structing new plants using emerging clean coal tech-
nologies could result in greater (sulfur dioxide) emis-
sion reductions by the year 2005 than continuing to 
use, or even increasing the use of, conventional 
controls exclusively. The report also notes that 
there would be a concomitant reduction In nitrogen 
oxide emissions. 

The report also analyzes the cost of controlling 
emissions through repowerthg. It concludes that the 
additional cost of emission control could be only 35 
to 60 percent of the emission removal costs of con-
ventional pollution control devices, such as scrubbers.

Consumer costs for the emission reductions could in-
crease by only three to nine mills per kilowatt hour, 
If analyzed on an individual plant basis. Adding a 
conventional scrubber, by comparison, could raise 
electricity costs from a single plant by as much as 
11 mills per kilowatt hour. 

But if the entire power system is analyzed, DOE's 
report states, and factors such as increased plant 
reliability, more economic power dispatching and fuel 
flexibility are considered, consumers could see emis-
sion reductions obtained at virtually no Incremental 
cost using clean coal repowering technology. 

The report stresses that the emission reductions 
reflect maximum levels of market penetration and do 
not constitute predictions of market penetration. 
The market, however, Is potentially large. There are 
about 410 coal-fired power generating units in the 
eastern United States which are 100 megawatts or 
larger that will be nearing the end of their 
economic lifetimes in the mld-1990's (they were built 
between 1955 and 1975). None of these facilities 
have modern-day pollution controls. Together, these 
units, which represent 128,000 megawatts of genera-
ting capacity, released 10 million tons of sulfur 
dioxide emissions in 1980, 	 more than half the
nationwide total for utilities. 

Since repowering can boost an existing plant's power 
output by 15 to 170 percent, depending upon the 
technology, the report projects that as much as 
19,000 to 156,000 megawatts of additional capacity 
could be obtained by modernizing the aging eastern 
power fleet with advanced coal technologies. 

Since the nation is expected to require at least 
100,000 megawatts of additional power by the turn 
of the century, If electrical demand grows at a 
conservative rate of two percent per year, the 
potential exists for repowering to meet a large part, 
If not all, of the additional demand for electricity 
without requiring major new plant construction. 

The report examines three types of rcpowering tech-
nologies:	 the atmospheric fluidized bed combustion 
system, the pressurized fluidized bed 
combustion/combined cycle system, and the Integrated 
gasification/combined cycle system. 

In December, the United States Environmental Protec-
tion Agency (EPA) issued a memorandum highly criti-
cal of the DOE report. The EPA's major criticisms 
were that comparative costs of repowering versus 
conventional technologies were biased; that growth In 
baseload electricity demand was inflated; and that 
market penetration was not analyzed. 

The	 EPA charged	 that	 DOE	 used excessively	 high 
costs	 for conventional technologies and unrealistically 
low	 costs	 for	 new, clean	 coal technologies.	 In 
January DOE	 replied that	 its assumptions	 were
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"reasonable and fair" and that Is used cost estimates 
based on standard, publicly available procedures. 

The EPA took issue with DOE's cost assumptions for 
new technologies such as fluidized bed and gasifica-
tion, combined cycle (CCC), saying that the depart-
ment used costs in the lower range of estimates it 
made earlier last year. The DOE responded that the 
higher CCC costs in the previous report were based 
on several technologies, including the system being 
demonstrated at the Cool Water plant in 	 Daggett, 
California. The repowering report used costs for 
advanced CCC systems only--including a system being 
tested under DOE's Clean Coal Technology program--
and those costs will be lower, DOE said.

The DOE also defended its baseload estimates, saying 
most capacity studies indicate that utilities will have 
used up their excess capacity by 1995. The DOE 
quoted projections by the North American Electric 
Reliability Council and said the estimates arc consis-
tent with its own. 

While DOE examined the maximum potential market 
for repowering technologies, it did not conduct a 
market penetration analysis and did not try to pass 
the study off as one. The penetration rate will 
depend on whether utilities get tax breaks and other 
Incentives for using clean coal technologies, said 
DOE. 
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RESOURCE 

FORT UNION HOT VOTES TO DEACTIVATE COAL 
REGION 

The Fort Union Regional Coal Team (aCT) has voted 
to operate in a Lease by Application mode, and 
deactivate the Fort Union Coal Production Region. 
Deactivation of the coal production region is nece.s-
sary before the RCT can operate in a Lease by Ap-
plication mode. 

The Fort Union Federal Coal Production Region was 
established by the Bureau of Land Management (BLM) 
on November 9, 1979, together with a number of 
other regions, to implement competitive coal leasing 
under regulations contained in 43 CFR 3420. The 
Fort Union Coal Region includes the following 
counties: 

Montana 

Carter, Custer, Daniels, Dawson, Fallon, Garfield, 
Mccone, Prairie, Richland, Roosevelt, Sheridan, Val-
ley, Wibaux. 

North Dakota 

Adams, Billings, Bowman, Burke, Burleigh, Divide, 
Dunn, Golden Valley, Grant, Hettinger, McHenry, 
Mckenzie, LcLean, Mercer, Morton, Mountrail, Oliver, 
Renville, Sheridan, Slope, Stark, Ward, Williams. 

The RCT considered current and projected market 
conditions, potential for emergency leasing, level of 
Industrial interest, and administrative efficiencies 
prior to making its recommendations not to continue 
the regional level of activity planning. Production 
forecasts, as shown in the Fort Union Long Range 
Coal Market Analysis, range from 24 to 31 million 
tons annually by the year 2000 (Table U. See Pace 
Synthetic Fuels Report, December 1987, page 7-49 
for a complete summary of the Long Range Market 
Analysis. 

The analysis concluded that the productive capacity 
may be adequate to meet the demand for Fort Union

coal at least through 1995, assuming no significant 
increases occur in coal demand. 

Administrative efficiencies would be enhanced by 
shifting to the Lease by Application mode. A round 
of activity planning beginning with a call for ex-
pression of leasing interest, and ending with a 
regional coal lease sale, would take up to 36 months 
to complete. The processing of a lease by applica-
tion request would take only about 12 months. A 
similar savings in preparation cost would be ex-
pected. 

The Montana State Office of the Bureau of Land 
Management reviewed the likely need for emergency 
leasing of federal coal for existing mines during the 
next five years. it is possible that up to three 
emergency coal leasing applications could be made 
containing	 an	 estimated	 12	 million	 tons	 of 
recoverable coal. If emergency lease applications 
were received, they would likely be for the purpose 
of preventing the bypass of federal coal for existing 
mining operations. 

If coal market conditions change, and interest in 
leasing of federal coal is renewed in the region, the 
coal team has the option of reactivating the Fort 
Union Federal Coal Production Region. 

Deactivating the Fort Union Federal Coal Production 
Region would allow the leasing of federal coal by 
the Lease by Application procedures in 43 CFIt 3425, 
In addition, the Coal Team would continue to review 
all Leasing applications, preference right lease ap-
plications and exchange proposals, and call RCT 
meetings, as necessary, to discuss any that appear 
to have significant regional implication. 

The team would guide the preparation of Environ-
mental Impact Statements on coal leasing actions 
that appear to have significant regional implications. 

On an annual basis, the team would review market 
assessments prepared by the BLM and recommend 
whether the region should return to a regional ac-
tivity planning 'node. 

TABLE I 

FORT UNION (XML PUfl4
MW CAPACITY ESTIW.TES 
(Million Tons Per Year) 

Year Production Estimates Productive Capacity Estimates 
Low	 High Low Medium 

1990 22	 25 
1995 23	 28 32 32 
2000 24	 31 34.4 40.6
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UINTA-SOUTHWESTERN FEDERAL COAL REGION 
DECERTIFIED 

By notice in the Federal Register on December 21, 
1987, the United States Bureau of Land Management 
canceled the Uinta-Southwestern Utah Federal Coal 
Production Region and opened the twenty-six county 
area to lease by application. 

The Uinta-Southwestern Utah Federal Coal Production 
Region was established by the Bureau of Land 
Management (BLM) on November 9, 1979, together 
with a number of other regions to implement com-
petitive coal leasing under regulations contained in 
43 CFR Part 3420. The Uinta-Southwestern Utah 
Region includes the following counties: 

Utah 

Carbon, Daggett, Duchesne, Emery, Garfield, Grand, 
Iron, Kane, Morgan, San Juan, Sanpete, Sevier, Sum-
.nitt, Ulntah, Utah, Wasatch, Washington, Wayne. 

Colorado 

Delta, Garfield, Gunnison, Mesa, Montrose, Ouray, Pit-
kin, San Miguel. 

The coal production region was estimated to contain 
sufficient federal coal deposits to Justify offering 
coal leases through the competitive leasing process 
set out in 43 CFR Part 3420. 

A long-range regional market analysis was prepared 
and made available for public review and comment 
In September 1087. This market analysis and the 
public comments were then reviewed and discussed 
by the Regional Coal Team (RCT) at its October 27, 
1987 meeting. Based on this review, the RCT con-
cluded that existing coal production capacity is suf-
ficient to meet near-term regional needs. 	 Conse-
quently, the RCT recommended that the Uinta-
Southwestern Utah Federal Coal Production Region 
should be decertified and that lease by application 
procedures should be implemented to satisfy near-
term leasing needs. 

No additional social, economic, or environmental im-
pacts are anticipated as a result of this change in 
the method of leasing. The Uinta-Southwestern Utah 
Regional Coal Team will continue to participate in 
coal lease consideration in the lease by application 
mode. If the demand for federal coal increases sig-
nificantly, regional coal activity planning procedures 
can be reactivated through recertification of the 
Uinta-Southwestern Utah Federal Coal Production 
Region. 

GREEN RIVER-HAMS FORK REGION TO LEASE BY 
APPLICATION 

In accordance with the Green River-Hams Fork 
Regional Coal Team (RCT) recommendation the Bureau

of Land Management (BUM) is proposing a coal leas-
ing by application process within the current Green 
River-hams Fork Region. 

The Green River-Hams Fork RCT recommended to the 
Secretary of the Interior through the Director of 
BUM that: 

- The BLM staff prepare a decision document
supporting the lease by application decision 

- The BUd consider and respond to any com-
ments received on the Federal Register 
notice and this RCT recommendation before a 
final decision is made 

- A final decision on the lease by application 
mode be made by the RLM Director no later 
than May 1, 1988 

- By June 15, 1988, RIM staff should prepare 
operating procedures to use under the lease 
by application mode 

Leasing by application will necessitate decertification 
of the Green River-Hams Fork coal production region 
in order to conform with the leasing by application 
regulations in 43 CFR 3425.1-5. However, the Green 
River-Hams Fork RCT will continue to provide over-
sight to the lease by application process within the 
original regional boundaries. 

On an annual basis, the RCT will review market as-
sessments prepared by the Bureau and requested by 
the RCT and recommend whether the region should 
return to a regional activity planning mode. 

NCA FORECASTS 1988 DROP-OFF FROM RECORD COAL 
PRODUCTION 

The National Coal Association (NCA) says the United 
States coal industry experienced record production 
and near record consumption in 1987. This record 
year, which continued the steady upward trend of 
the past was due to abnormal weather and hydro 
conditions. The MCA forecasts slightly lower produc-
tion and consumption in 1988 on the assumption that 
weather and hydro conditions return to normal. 

The production of bituminous coal and lignite was 
approximately	 910	 million	 tons	 during	 1987,
20 million tons above the 890 million tons produced 
In 1986. Production in 1988 is expected to be 898 
million tons, the NCA Economics Committee said in 
its forecast of coal markets. Consumption in 1988 
Is forecast to reach 905 million tons, three million 
tons below the 1987 level, but 15 million tons above 
the 1986 demand, according to the report. Table 1 
shows the NCA forecast. 

The Association said this year's forecast involves an 
unusual degree of uncertainty as to how coal's 
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Electric Utilities

Electric	 utilities are expected to demand 715	 million 
tons	 of	 coal	 in 1988,	 only	 slightly	 more	 than the 
record	 714	 million tons	 estimated	 for 1987, but 
30	 million	 tons more	 than	 the	 previous record of 
694	 million tons set	 in	 1986.

TABLE I 

NATIG4AL WAL ASSOCIATION'S 1988 FORECAST 

1985 

Domestic Consumption 
Electric Utilities	 694 
Coking Coal	 41 
Industrial & Retail	 83 

Total Domestic Markets 	 818 

Exports 
Canada: Steam	 9 

Metallurgical	 7 
Total	 16 

Overseas: Steam	 23
Metallurgical 53 
Total	 76 

Total Exports	 92 

Total Consumption	 910 

Production 
East	 559 
West	 325 

Total U.S.	 884 

1986 1987 1988 

685 714 715 
36 35 34 
83 81 82 

804 830 831 

8 8 7 
6 7 6 

14 15 13 

23 19 18 
48 44 43 
71 63 61 
86 78 74 

890 908 905 

564 577 568 
326 333 330 
890 010 898 

markets will react to the economy. The Economics 
Committee was as divided as prominent economic 
forecasters were as to how the economy will even-
tually react. Lower Interest rates, a weaker dollar, 
and a carry over of planned capital expenditures 
could stimulate both domestic and export markets. 
But a possible tax Increase, shaky world economies, 
and a loss in consumer confidence could greatly 
reduce economic growth. 

Based on these uncertainties, the Economics 
Committee's consensus is that GNP will increase by 
2.4 percent, just below the tong-term average of 
2.5 percent. However, the GNP growth rate could 
be as low as 1.4 percent or as high as 2.7 percent. 
Domestic coil demand is expected to be essentially 
unchanged in 1988; however, lower exports and a 
reduction in stockpiles will result in a lower total 
demand for coal. This, plus a slight drawdown in 
producer stocks, will mean that production in 1988 
will also be slightly lower than the trends set in 
1987. 

Assuming normal weather patterns, electrical genera-
tion is forecast to Increase 2.0 percent in t988. 
This growth rate Is lower than that expected in

1987 when electricity demand was affected by ab-
normal weather, stronger economic activity and an 
increase in industrial production. Generation pat- 
terns in 1988 will be affected by slower economic 
growth and a reduced level of industrial activity. 

Coal's share of the generation market will decrease 
to 55 percent In 1988, down form 56 percent In 
1987. Nuclear's share will increase due to full-year 
operation of the 7,2 gigawatts of nuclear capacity 
that came on line in 1987 and the 4.4 gigawatta of 
capacity expected in 1988. 

Only 2.2 gigawatts of new coal-fired capacity are 
expected to come on line in 1988--the Rockport 
plant in Indiana (1,300 megawatts), Lower Colorado 
River's plant in Texas (344 megawatts) and Jackson-
ville Electric's St. Johns River 2 in Florida 
(550 megawatts). 

Metallurgical Coal 

Raw steel production increased sharply in 1987 be-
cause 1986 was an abnormally low year caused by 
the USX strike, and due to an increase in economic 
activity and a decline in imports. In 1988 raw 
steel production Is expected to remain flat as a 
further decline In imports offsets any drop In overall 
demand due to lower economic growth. 

Despite relatively good raw steel production levels, 
coal does not benefit due to an increase in electri-
cal furnace production and in continuous casting. A 
better indicator of coking coal consumption Is 
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production	 of	 pig iron	 which	 has	 been declining in 
relationship	 to	 total steel	 production. In	 1988 pig 
iron	 production Is	 expected	 to approximate 
46-47	 million	 tons with	 a	 corresponding coal use of 
34	 million	 tons.

Industrial/Retail 

Industrial/retail coal consumption is forecast to be 
82 million tons in 1988. There has been little 
growth in the industrial sector despite an increase 
In industrial output. The only major increase In in-
dustrial coal use over the last several years has 
been for use at the Great Plains Coal Gasification 
Plant. Coal Is used primarily in the paper, chemi-
cal, food and cement industries which have not 
shared the same rates of increase as have other 
manufacturing sectors. Finally, coal is competing for 
new industrial energy use directly with gas which is 
currently priced very favorably 

Exports 

United States exports In 1988 are expected to con-
tinue the slow downward trend that has been the 
case since 1985. Coal exports in 1988 are projected 
to total 74 million tons, down four million tons from 
1987.	 Exports to Canada are forecast to decline 
tno million tons to 13 million tons. Overseas ex-
Ports are forecast to decline by two million tons, 
from G3 million tons in 1987 to 61 million tons in 
1988. 

The Level of exports to Canada depends on steel 
production and on Ontario Hydra's coal requirements

(which In turn depends on nuclear availability, hydro 
and pressure from the government to use Western 
Canadian coal). 

The downward trend in exports overseas is an ex-
pected result of new entrants In the market--
Colombia, China, Venezuela--combined with continued 
overcapacity, slow growth in demand for coal in the 
steam market and lower world steel production. 

If	 the economies of United States customers overseas 
are	 weaker, and if	 price	 competition	 forces	 out 
more United States exporters,	 coal	 exports	 overseas 
could be	 as low	 as 58	 million	 tons.	 There	 is	 very 
little upside potential in	 the	 export	 forecast. 

Coal Production 

Coal production is forecast to decline 1.3 percent in 
1988 to 898 million tons. The 12 million ton 
decline from 1987 levels occurs as both consumer 
and producer stockpiles are projected to decline 
from the modest 1987 pre-strike buildup. 	 Coal im-



ports will remain at two million tons. 

The NCA says	 the	 drop In production	 will	 occur	 ii 
both	 the East	 and	 the West, with	 a	 larger	 drop	 in 
the	 East because	 of the decline	 in	 the	 export 
market. Eastern	 production should	 total	 S68	 nillioa 
tons	 and production	 in the West	 330	 million	 tons, 
nine	 and three	 million tons respectively	 below	 1987 
levels.

## It it 
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SOCIOECONOMIC 

CROW COAL NOT TAXABLE BY STATE OF MONTANA 

On a vote of seven to one, the United States 
Supreme Court has ruled that coal mined from land 
owned by the Grow Indian Tribe in Montana is ex-
empt from state severance and gross proceeds taxes. 
A lawsuit, filed in 1978 by the Tribe challenged the 
state saying that the Tribe had the right to regulate 
Its own territory and that they were exempt from 
state taxes. In 1985 United States District Judge 
James Battin ruled In favor of the state. His deci-
sion was overturned by the United States Ninth Cir-
cuit Court of Appeals last June. The United States 
Supreme Court refused to hear the state's appeal 
and has upheld the Circuit Court decision. 

Westmoreland Resources, the only company mining 
Crow-owned coal, has paid nearly $62 million in 
severance taxes between 1975 (when the tax was 
enacted) and 1982. Since 1982, $27.4 million has 
been paid into an escrow account. Many questions 
are now raised, the most important being who will

get the money already collected--the Crow Tribe, 
Westmoreland customers or the state? 

Montana Governor Schwinden expressed concern about 
erosion of state powers to tax and regulate. He 
said the ruling extends tribal authority beyond the 
reservation boundaries. 	 The lawsuit covered coal 
mined on the "ceded" strip adjacent to the reserva-
tion.	 This area was once part of the reservation,
but was ceded to the United States government in 
1904. In 1958, Congress restored mineral rights on 
some of the land to the Tribe. The Montana state 
budget office said that the ruling could have a pos-
sible impact of $104 million on Montana. While the 
Court's decision directly affected only the escrow 
account of $27.4 million, back taxes of $77 million 
may also be claimed. The matter will probably be 
settled by the courts. 
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RECENT COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the American Institute of Chemical Engineers 1987 Annual Meeting held In 
New York, New York, November 15-17, 1987: 

Theis, J. R., et al., "The Effects of Internal Surface Area and Micropore Diffusion Upon the 
Rate of Reaction Between Illinois 416 Coal Char and Carbon Dioxide." 

Ballal, C., at al., "Pore Structural Effects in Non-Catalytic and Catalytic Gasification of Coal 
Chars." 

Saber, J. M., at al., "Mechanisms of Catalyzed Carbon Gasification." 

Goethel, P. J., et al., "Mechanism of Monolayer Channeling and Tunneling of Catalysts in 
Carbon-Hydrogen Reaction." 

Treptau, M. H., at al., "Catalyzed and Un-Catalyzed Hydrogen Gasification of Oxidized 
Carbons. 

Bell A. T,, et al., "Infrared Isotopic Tracer Studies of CO Hydrogenation over Ru/Sb 2 and 
Ru/Ti02." 

Gangwal, S. K., et al., "resting of Novel Sorbents for H 2 S Removal from Coal Gas." 

Grindley, T. "Durable Zinc Ferrite Sorbents for Hot Coal Gas Desulfurization." 

Sotirchos, S. V., et al., "Pellet-Model Effects for High-Temperature Desulfurization Reactors." 

Kim, B. M., et al., "Modeling and Analysis of Moving-Bed Hot Gas Desulfurization Processes." 

Reuther, R. B., "A Process Scheme for 1125 Removal from Gasifier Gas." 

The following papers were presented at the Eleventh Annual Energy-Sources Technology Conference and Ex-
hibition held in New Orleans, Louisiana, January 10-13, 1988: 

Huang, W. E., et al., "Performance Evaluation of an Indirect Fired Rotary Kiln Gasifier." 

Othmer, D. F., "Multiple Catalysts Produce a Synthetic Fuel From Coal." 

Crocker, B. R., et al., "Design Review of the Process Water Reuse Cooling Tower at the Great 
Plains Coal Gasification Project." 

The following articles appeared in Energy & Fuels, Volume 2, Number 1, January/February 1988: 

Curtis, C. W., et al., "Investigation of the Role of Hydrogen Donation in Thermal and Catalytic 
Coprocessing." 

Floess, J. K., at al., "Intrinsic Reaction Kinetics of Microporous Carbons. 	 1.	 Noncatalyzed 
Chars." 

Warfel, L. C., at al., "Size Exclusion Chromatography of Coal Extracts Using Pyridine as a 
Mobile Phase." 

The following article appeared in International Chemical Engineering, Volume 28, Number 1, January 1988: 

Saffer, M., et al., "Gasification of Coal in a Fluidized Bed in the Presence of Water and 
Oxygen; An Experimental Study and a First Attempt at Modeling the Reactor," 

New Reports available from the National Technical Information Service include: 

Smith, P.,	 et	 al.,	 "Detailed	 Model for Practical Pulverized Coal Furnaces and Gasifiers:	 Second 
Annual Progress Report for the Period May 1,	 iaoq to April 30, 1987."
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Chung, K., "Low Severity Coal Liquefaction to Determine Reactivity of Coals:	 Technical
Progress Report No. 3 for Period December 1, 1986 Through February 28, 1987." 

Baldwin, R., et al., "Reactivity of Coal in Direct Hydrogenation Processes: Technical Progress 
Report, March-May 1987." 

Oak Ridge National Laboratory, "Ceramic-Fiber Ceramic-Matrix Hot-Gas Filters." 

Radian Corporation, "Engineering Evaluation of Environmental Data from the Mountain Fuel 
Resources Coal Gasification Process Development Unit: Topical Report." 

Curtis, C., et al., "interactive Chemistry of Coal-Petroleum Processing:	 Progress Report for
December 16, 1986-March 15, 1987." 

McMillen, D,, et al,, "Factors Controlling ilydrogenolysis in Coal Liquefaction: Quarterly Report 
No. 1 for the Period July 16, 1986 to September 30, 1986." 

Dtmkerton, L., et al., "Mixing of Sulfur Between Pyritic and Organic Phases During Coal Con 
version Processes: Annual Final Report, March 1, 1986-February 28, 1987." 

Muchmore, C., et al., "Mechanism of Extraction and Desulfurization of Coals with Alcohols: 
Final Report, March 1, 1986-February 28, 1987," 

Dillella, C., at al., "Containment Control in Four Advanced Coal Conversion Power Generation 
Systems: Technical Issues and R&D Needs: Final Report." 

Rinard, C., et al., "Performance of an Electrostatic Precipitator on a Bench-Scale Gasifier: 
Final Report." 

Mikita, M., 'Novel Mechanisms In Aqueous Liquefaction: Final Report." 

McKamey, C., et at., "Development of Iron Aluminides for Coal Gasification Systems." 

Cheng, J., et al., "Low Severity Coal Conversion by Ionic Hydrogenation: Progress Report, April 
1-June 30, 1987." 

1(011 Systems, Inc., "Containment Control in Four Advanced Coal Conversion Power Generation 
Systems: Technical Issues and R&D Needs: Final Report." 

Muchmore, C., et al., "Intermediates Formed During Supercritical Desuifurization of Coal: 	 Fif-



teenth Quarterly Technical Progress Report, January 1, 1987-March 3L, 1987," 

The following reports have been issued by the Electric Power Research Institute: 

Lewis, A., et al., "Economics of Phased Gasification-Combined-Cycle Plants: Utility Results." 

Kulik, C., "Liquefaction Coprocessing: A Study of Critical Variables." 

Atherton, L., "Coal Pyrolysis for Utility Use." 

Quentin, C., "Rheology of Coal-Water Slurries at Elevated Temperatures for Gasification." 

The following report is available from the Government Printing Office: 

National Bureau of Standards, "Construction Materials for Coal Conversion, Performance and 
Properties Data." 

COAL - PATENTS 

"Wood Preserving Impregnating Oil and Use Thereof," Arnold Alscher, 	 Geimot Loehnert - Inventors, 
Verkaufsgesellschaft Fuer Teererzeugnisse, United States Patent 4,718,943, January 12, 1988. 	 A wood preserving 
impregnating oil with Improved leaching, evaporation, and exudation characteristics comprised of: 10-100 weight 
percent of coal conversion oil, 0-90 weight percent of coal tar Impregnating oil, 0-75 weight percent of mineral 
oil fraction in the boiling range of 200-400 0 C, 0-60 weight percent of alkyl- or cycloaikyl-substituted aromatics 
with two to four rings.

4-51	 SYNTHETIC FUELS REPORT, MARCH 1988



"Gas Turbine Engine Gaseous Fuel Injector," Jeffrey D. Willis - Inventor, Rolls Royce Ltd., United States 
Patent 4,713,938, December 22, 1987, A gaseous fuel injector for an industrial gas turbine plant is arranged to 
operate on fuel produced from a cool gasifier for normal running or natural gas for starting purposes. The in-
jector is self purging to prevent the ingestion of natural gas or combustion products into the passage of the 
fuel injector for the lower calorific value fuel. 	 The fuel injector has fuel ducts and gas flow passages in a 
duct assembly attached to the head of each flame tube of a gas generator. For starting, natural gas flows 
through the duet and the central passage, while air flows through the outer passage preventing ingestion of 
natural gas and combustion products into the outer fuel duct. When running on fuel from a coal gasifier both 
duets run full of fuel, as do the passages. The air for the coal gasifier may be provided by the gas generator. 

"Method of Treating Brown Coal for Liquefaction," Aklhiro Kawashima, Tetsuo Matsumura, Osamu Olikuma, Toshio 
Ohzawa, Saburo Sawada, Yasuo Sugino, Shun'ichi Yanal, Hiroshi Yoshimura - Inventors, Idemitsu Kosnn Co. Ltd.; 
Kobe Steel Ltd.; Aziasekiyu K K; Mttsubishiicaselkogyo K K, United States Patent 4,714,543, December 22, 1987. 
A starting slurry composed of raw brown coal and a solvent is heated and pressurized, subjected to gas-liquid 
separation and dehydration and then to hydrogenation/liquefaction. The CO 2 -containing gas produced in the 
preheating/dehydration step and/or a 00 2 -containing gas supplied from outside the system is blown into the slurry 
In the above-mentioned preheating/dehydration step, whereby carbonate-forming metal components in the brown 
coal are converted to the carbonates thereof in advance. 	 In this manner, the hydrogenation/liquefaction ef-



ficiency is improved, and stabilized long-term continuous operation is attained. 

"Apparatus for Gasifying Pulverized Coal," Friedrich Berger, VasiLij Fedotov, David Gamburg, Peter Golder, Ernest 
Gudymov, Rolf Mangler, Manfred Schingnitz, Wolfgang Seidel, Vladimir Scmenov - inventors, Brennstofflnstiti,t 
Freiberg DO, United States Patent 4,710,202, December 1, 1987, An apparatus for gasifying puIvrihed coal, the 
apparatus comprising a housing with a granulated slag discharge opening in a bottom of the housing, and a 
producer gas outlet opening In a lower part of the housing; a layer of thermal insulation lining the housing; a 
pulverized coal burner having a discharge area In the top of the housing; a layer of heat-resistant lining located 
nbovc the producer gas outlet opening; a steam injection Inlet; and a plurality of ducts arranged between the 
heat-resistant lining and the thermal Insulation and extending between the steam injection inlet to the discharge 
area, each of the ducts having an outlet opening arranged at a level of the discharge area and an inlet opening 
arranged above the steam injection means. Steam is Injected into the housing and the producer gas is cooled 
wit'i a plurality of cooling medium supply nozzles arranged in the housing. 

"Upgrading Carbonaceous Materials," Jim Y. Low - inventor, Phillips Petroleum Company, 	 United States 
Patent 4,708,788, November 24, 1987.	 A liquefaction process for coal, lignite or heavy oil is disclosed utilizing 
a hydrogen-donor solvent. The preferred hydrogen-donor solvent is recovered as a vapor from the liquefaction 
nixt'tre. The preferred method for converting the vapor into active hydrogen-donor solvent form involvas pas-
sage of the vapor over a catalyst bed positioned in the vapor space of the catalyst vessel. Novel apparatus for 
so positioning the catalyst bed is also disclosed. 

"Method of Producing Molten Pig Iron or Steel Pit-Products from Particulate Ferrous Material," Rolf Hauk, Werner 
Ifepplinger - Inventors, Iforf Engineering GMBU DE; Voest Alpine ARt AT, United States Patent 4,708,736, 
November 24, 1987, In a method of producing molten pig iron or steel pre-products from particulate ferrous 
material, as well as of producing reduction gas In a melt-down gasifier by adding coal and by blowing in 
oxygen-containing gas by means of nozzle pipes penetrating the wall of the melt-down gasifier, a fixed bed 
formed of coke particles, through which the oxygen-containing gas flows and a superposed fluidized bed of coke 
particles are formed, and the ferrous material is charged onto the fluidized bed. Below the fixed bed through 
which oxygen-containing gas flows, a fixed bed of coke particles not passed through by gas is provided, and the 
fluidized bed above the fixed bed passed through by oxygen-containing gas is passed through by a gas free from 
oxygen or having a low oxygen content. 

"Gasification of Coal Dust," Friedrich Berger, Vasilij Fedotov, Ernest Gudymov, Helmut Peise, Boris Rodinov, 
Manfred Schingnitz, Vladimir Semenov, Winfried Wenzel - inventors, Brennstoffinstitut Freiberg DO; Godsudarstvenny 
Nauchno Tssledovatelsky I Protektny Institut, United States Patent 4,707,163, November 17, 1987. An apparatus 
for gasifying coal dust has a housing provided with an output fitting for the removal of generator gas and an 
output fitting for the removal of granulated slag. An overflow maintains a body of liquid in the bottom of the 
housing and a coal-dust burner in the housing forms a downwardly moving coal-dust flame in an upper reaction 
zone of the housing. An annular tube wall in the housing upper and lower ends where its tubes are bent apart 
and form radially throughgoing upper and lower openings and at the burner and therebelow but above the 
generator-gas output fitting. This tube wall is radially gas tight between its upper and lower openings and 
radially inwardly delimits an axially extending annular passage that is outwardly defined by the housing. Steam 
is fed to the upwardly directed lances in the passage to create in the housing a toroidal annular current of 
moving gas and steam rising in the passage and descending in the zones between the flame and the tube wait. 
A coolant Is circulated In the tube wall to cool the current of gas to below the softening temperature of any 
slag in the flame.
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"Controlled Retracting Gasifying Agent Injection Point Process for UCG Sites," Pierre Ledent, Claus Sonntag - In-
ventors, Institution Pour Le Developpement De La Gazeification Souterrain, United States Patent 4,705,109, Novem-
ber 10, 1987. The process consists of a retraction of the gasifying agent injection point achieved by gradually 
plugging the tubing ends either by pneumatic injection of inert granulated material with a thermosetting binder, 
or by closing valves set at regular intervals Inside the tubings. 

"Utilization of Low Rank Coal and Peat," John J. Simmons - Inventor, United States Patent 4,705,533, 
November 10, 1987. Low rank coals including lignite, brown and subbituminous coals, and peat containing unac-
ceptably high quantities of water are dried and enriched in BTU content. The mined low rank coal is crushed 
to between about one-half Inch and three inches in diameter and Immersed in hot oil to dry the coal. The coal 
is then screened or centrifuged to remove excess oil and the resulted oil Impregnated dried coal has a much 
higher BTU content. The dried high BTU low rank coal may then be powdered and utilized to form a coal-water 
liquid fuel. 

"Reduction of Sodium in Coal by Water Wash Followed by Ion Exchange Within a Pipeline," George C. Blytas, Shell 
Oil Company, United States Patent 4,705,531, November 10, 1987. A coal or similar carbonaceous fuel is selec-
tively freed of sodium by water washing it and ion exchanging the washed coal with a strong aqueous 
electrolyte solution which is substantially free of sodium Ions and contains a kind and concentration of ions 
which are correlated with the composition of the coal to cause a selective removal of ion-exchangeable sodium 
from the coal, with at least a significant proportion of the ion-exchanging being conducted within a pipeline. 

"Sulfate Reduction Process Useful in Coal Gasification," Frederick S. Mandel, Charles IV. Weston - Inventors, 
Freeport Mc.-Moran Resource Partners Ltd., United States Patent 4,704,136, November 3, 1987. 	 A carbonaceous 
material, such as coal, is gasified through the catalytic action of an alkali metal salt. The alkali metal is 
provided as a sulfate which is converted to a sulfide during gasification. In one embodiment, sodium sulfate is 
converted to sodium sulfide at a temperature effective to form a transitory melt condition at an interface which 
obtains coal gasification at relatively low temperatures and material residence times for the reaction. An 
alkaline earth sulfate, such as a gypsum, may be concurrently converted to a sulfide during gasification. The 
alkali metal sulfide may then be regenerated to a sulfate for process reuse while while converting the alkaline 
earth to a carbonate for environmentally sale disposal with concurrent recovery of valuable sulfur. The evolved 
carbon gases may be used for fuel, for process feed chemicals, or the Like. 

"Apparatus for the Conversion of Coal to Gas, Liquid and Solid Products," Jack I. Bonasso, James T. Harper, 
Ewing A. Johnson - Inventors, Jack I. Bonasso, James T. Harper, United States Patent 4,704,135, November 
3, 1987. An apparatus Is provided for converting coal to gas, liquid and solid products. The coal Is subjected 
to a pyrolysis reaction at a temperature of at least about 260 0 C in the presence of a hydrogen-containing gas, 
and the resultant solid residue subjected to a gasification reaction with oxygen and steam at a temperature of 
at least about 482 0 C thereby generating the necessary hydrogen-containing gas for the pyrolysis reaction and 
producing a solid product. Heat generated in the exothermic gasification reaction is transferred to the pyrolysis 
reaction, so the apparatus does not require any external source of heat except for means to control the tem-
perature of the gases passing to the pyrolysis reaction chamber. The gaseous fraction generated in the pyrolysis 
reaction is cooled to produce liquid and gas products, preferably after having first been subjected to a Fischer-
Tropsch reaction. 

"Coal Derived/Aqueous Fuel System and Method of Manufacture," Edmond C. Meyer, Lee G. Meyer - Inventors, 
Carbon Fuels Corporation, United States Patent 4,704,134, November 3, 1987. Coal char produced by the 
pyrolytic destructive thermal distillation of coal in the absence of oxygen is ground, sized and then admixed in 
suitable portions with water to form a fluidic, liquid-solid fuel system comprising a nonpolluting, stable, 
transportable, high energy fuel. The fuel system can be fired directly or the char can be separated and fired 
as a solid fuel. The liquid organic fraction obtained from the low boiling fractions derived from the pyrolysis 
of coal Is used as a fuel or as a feedstock. 

"Spouted Bed Heating of Solids for Coal Gasification," Robert H. Smith - Inventor, Atlantic Richfield Company, 
United States Patent 4,704,138, November 3, 1987. In a coal or coal char gasification system using hot recycled 
inert heat transfer medium (IHTM) solids, the heat transfer medium and some of the unreacted or ungasified char 
are passed through a spouted-bed reactor. In the spouted-bed reactor, the unreacted char Is burned In a way 
that more efficiently reheats the heat transfer medium and reduces fusion, agglomeration, plugging, fouling and 
erosion problems. These advantages are provided by the fact that only a central spout of solids is fluidized and 
the fact the solids undergo a systematic cyclic mechanism where there is greater contact between the hot char 
and IHTM solids. The spouted-bed produces a hydrodynamic system which is substantially different from conven-
tional gas-solid combustor configurations, especially fluidized combustors. 

"Coal Derived/Carbon Dioxide Fuel Slurry and Method of Manufacture," Edmond C. Meyer, Lee G. Meyer - Inven-
tors, Carbon Fuels Corporation, United States Patent 4,702,747, October 27, 1987. Coal char produced by the 
pyrolytic destructive thermal distillation of coal in the absence of oxygen is ground, sized and then admixed In 
suitable portions with a liquid carbon dioxide to form a fluidic, liquid-solid mixture which is a transportation 
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medium for a nonpolluting, stable, high energy solid fuel composition. The liquid organic fraction obtained from 
the low boiling fractions derived from the pyrolysis of coal Is used as a feedstock or as a liquid hydrocarbon 
fuel. 

"Stirred Microreactor," Ronald R. Borgialli - Inventor, Electric Power Research Institute, United States Patent 
4,702,888, October 27, 1987. A microreactor for use in coal-liquefaction process monitoring and process develop-
ment is disclosed. The yntcroreactor is a batch-type reactor and is moved by means of a pneumatic lift into 
and out of a bath to control the temperature of the microreactor. A shaft having generally vertical vanes is 
provided for stirring reactants in the microreactor. 

"Process for Stabilization of Coal Liquid Fractions," Geoffrey Davies, Ahmed El-Toukhy - Inventors, Northeastern 
University, United States Patent 4,702,748, October 27, 1987. Coal liquid fractions to be used as fuels are sta-
bilized against gum formation and viscosity increases during storage, permitting the fuel to be burned as is, 
without further expensive treatments to remove gums or gum-forming materials. Stabilization is accomplished by 
addition of cyclohexanol or other simple inexpensive secondary and tertiary alcohols, secondary and tertiary 
amines, and ketones to such coal liquids at levels of 5-25 percent by weight with respect to the coal liquid 
being treated. Cyclohexanol is a particularly effective and cost-efficient stabilizer. Other stabilizers are 
isopropanol, diphenylmethanol, tertiary butaaol, dipropylarnine, triethylamine, diphenylamine, ethylmethylketone, 
cyctohexanone, methylphenylketone, and benzophenone. Experimental data indicate that stabilization is achieved 
by breaking hydrogen bonds between phenols in the coal liquid, thereby preventing or retarding oxidative cou-
pling. In addition, It has been found that coal liquid fractions stabilized according to the invention can be 
mixed with petroleum-derived liquid fuels to produce mixtures in which gum deposition is prevented or reduced 
relative to similar mixtures not containing stabilizer. 

"Stabilized Coal Oil Mixtures," Paul C. Kemp, Walter Lyons - Inventors, Ashland Oil Inc., United States Patent 
4,711,643, December 8, 1987. Improved stabilizers for use in coal-oil mixtures are disclosed and comprise 
quaternary ammonium hydroxides, preferably they are formed by the reaction of a molar excess of sodium 
hydroxide or lithium hydroxide with a quaternary ammonium salt. 
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since December, 1987) 

ADVANCED COAL LIQUEFACTION PILOT PLANF— Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-is) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-1 process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtra-
tion which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic com-
pounds in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gener-
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAR This represents substantial improvement over single stage coal liquefaction processes. 

More recently, tests at Wilsonville concentrated on testing both types of coals with the deashing step relocated downstream of the 
catalytic hydrotreatment. Results showed that previous improvements noted for the two-stage approach were achievable (no loss in 
catalyst activity). Lower product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as 
part of one system. The results from the reconfigured operation also indicated the potential for further improvements in product 
quality and/or productivity through use of the coupled-reactor approach. This was confirmed in the latest test which used a truly 
coupled, two-stage thermal-catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based 
catalyst (AMOCAT 1-C) was developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was in-
creased by 60 to 90 percent over previous operations, while catalyst productivity doubled. Furthermore, an improved configuration 
was developed and proven out, whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substan-
tially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAF distillate yield. For subbituminous coal, additional thermal volume was used, 
resulting in a 61 percent MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active second 
stage catalyst. 

Recent results suggest that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from 
one stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst cost. However, additional 
efforts with regards to optimizing catalyst properties was indicated. 

Current work emphasizes identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. 

Project Cost: Construction and operating costs (through calendar 1985): $97 million 

ABC! AMMONIA/METhANOL OPERATIONS - ABC LTD. (C-17) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs ICI's low pres-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. Thc proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AI3CI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a route to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked 'DIESANOL' by 
AECI. 'DIESANOL" has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number of 
countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of am-
monia and extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPALACHIAN PROJECT - The M. W. Kellogg Company, Bechtel Development Co.; and United States Department of Energy (C-
19)

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (10CC) sys-
tem. The project, to be located in Pennsylvania, will feature Kellogg's KRW ash agglomerating fluidized-bed gasification process. 
One KRW gasifier operating in the air-blown mode will convert 485 tons per day of bituminous coal into a low-B'I'U fuel gas for 
use in an advanced combustion turbine generator. Steam generated from the combustion turbine exhaust and from the gasifier 
heat recovery system will be fed to a steam turbine generator. 

The nominal 60 megawatt demonstration project will feature a hot gas cleanup system which delivers clean fuel gas at 1,000 degrees 
to 1,200 degrees F to the combustion turbine, thus avoiding inefficient lower temperature cleanup processes. This system uses in-
bed desulfurization and a hot-sulfur-removal polishing step consisting of a zinc ferrite sorbcnt bed. Particulates will be removed by 
a filter. 

The system, if demonstrated as proposed, would be highly efficient with heat rates around 7,880 W1'U per kilowatt hour. Various 
sizes of commercial plants can be configured by using the 60 megawatt module that will be demonstrated. Other applications for 
the system are cogeneration and retrofit of combustion turbines and gas-fired combined cycles. 

DOE has agreed to provide cooperative funding for the project under its Clean Coal Technology Program. 

Kellogg, as the managing partner of the project, will design, engineer and procure the ocal gasification plant. Bechtel will construct 
it. Bechtel will also design, procure and construct the power island and supportive offsites. 

Project Cost: Not Disclosed 

BOTFROP DIRECT COAL LIQUEFACTION PILOT PLANE PROJECT - Ruhrkohle AG, Veba Oel AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology of the Federal Republic of Germany (C-65) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987, Approximately 11,000 tons raffinate oil were produced from 20,000 tons coal in more than 2000 operating 
hours. 

By this new mode of operation, the oil yield is increassd to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 t/m h. Furthermore high grade refined products are produced instead of crude 
oil. The integrated refining step causes the nitrogen and oxygen content in the total product oil to drop to approximately 100 ppm 
and the sulphur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The development program of the Coal Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process is in progress. After modification the plant capacity will be 9 tons per hour of coal or alternatively 
24 tons per hour of heavy vacuum residual oil. Recommissioning of the plant is scheduled for the beginning of 1988. 

The project is subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Department of Energy, British Coal, Ruhrkohle ((>690) 

British Coal is building a pilot plant utilizing the Liquid Solvent Extraction Process developed in a small pilot plant capable of 
producing 0.1 ton per day of liquids. In the process, a hot, coal-derived solvent is mixed with coal. The solvent extract is filtered 10 

remove ash and carbon residue, followed by hydrogenation to produce a syncrude boiling below 300 degrees C as a precursor for 
transport fuels and chemical feedstocks. Economic studies, supported by Badger, Ltd. have confirmed that the process can produce 
maximum yields of gasoline and diesel vety efficiently. Work on world-wide coals has shown that it will liquefy economically most 
coals and lignite and can handle big)' ash feed stocks. British Coal is proceeding with the design and construction of a 2.5 tons per 
day plant at the Point of Ayr site, near Holvwell in North Wales, financed by the British Coal with support from the European 
Economic Community. Limited private industry and British Department of Energy support is expected. Following a design phase 
carried out by Babcock Woodall-Duckham Ltd., construction started at the beginning of 1986, with Simon Carves Ltd., being the 
Main Plant Contractor. Construction was due to be completed in 1987. 

Project Cost: $55 million 

BRITISH COAL LOW ff11) GASIFICATION PROJECT - British Coal (formerly National Coal Board) ((>700) 

British Coal is developing a spouted fluidized bed gasifier to produce a low BTU gas. When operated at atmospheric pressure the 
system is aimed at on-site generation of gas for industrial application. A pressurized version is intended for use in a combined 
cycle power generation system where it would be used in conjunction with a fluidized bed combustor. Work is currently centering 
on developing the gasifier for the industrial gas market and the technology is licensed to Otto-Simon Carves. A 12 ton per day 
demonstration plant financed by British Coal and the European Community is being tested. The initial program will be completed 
early in 1987. A further two year program has been agreed with the EEC to be completed in 1989. Further assessment of the use 
of the gasifier in a combined cycle power generation system is now being undertaken prior to a decision to embark on pilot scale 
testing. 

Project Cost: Not disclosed 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-is) 

The Broken Hill Proprietary Company limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 k slurry per hour, with a coal to oil ratio of 40.60, and employs reaction condi-
tions of residence time ca 30 minutes, H 2 pressure ca 25 MPa, and temperature ca 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35 0/a and 55% 
daf coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cm3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis has 
been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (SHDI) has been developed and 
has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroliquefaction. The 
research has also been concerned with the upgrading (refining) of product syncrudes to specification transport fuels. Experimental 
studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and diesel fuel. Jet and 
diesel fuel combustion quality requirements (smoke point and cetane number) have been found to be the most difficult to achieve, 
for coal hydrogenation liquids, and necessitate hydrotreatment of the coal syncrude to an almost totally naturated product. 
Specifications may be readily achieved by blending with petroleum product or by addition of ignition improvers. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic etudes. Considerable effort has also been directed towards developing 
specialised analytical methodology, particularly via NMR spectroscopy, to service the above process studies. 
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STATUS OF COAL. PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) adminis-
tered by the Australian Federal Government. 

Project Cost: Not disclosed 

CAN DO PROJECT - Continental Energy Associates (C-85) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Ilazlc 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility is currently being converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the 
original facility and in new gasifiers will be used to fuel turbines to produce electricity. The electricity will be purchased by the Pen-
nsylvania Power & Light Company over a 20 years period. Steam will also be produced which will be available to industries within 
Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

The new facility will be operated by Continental Energy Associates 

Project Cost: $100 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Company (C-90) 

In April 1977, Caterpillar announced plans to construct two, two-stage coal gasifiers at its York, Pennsylvania plant to fuel heat 
treating furnaces. Gas with a heating value equivalent to about 2.2 million standard cubic feet per day of natural gas could be 
produced. The plant is a two-stage, low-pressure system complete with gas cleanup. Plant construction began in September 1977. 
Construction of a gasifier for the East Peoria, Illinois, plant has been deferred indefinitely although the York installation is success-
ful. Plant was completed June 1979, with start-up for debugging in September 1979. Due to an eleven-week strike in the last 
quarter of 1979 and some minor equipment changes that had to be made, debugging was not resumed until May 1980. Tests have 
been run on existing radiant tubes using producer gas with no adverse effect. The system operated from February 1981, until the 
July vacation shut-down- After vacation, the system was started up but later shut down in September 1982 due to reduced produc-
tion schedules. Stan-up date is not firm; depends on the price of natural gas and Caterpillar's production schedules. 

Project Cost: $540 million. 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-ISO) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continued to 
operate its chemicals from coal complex at design rates in 1987. The Texaco coal gasification process is used to produce the syn-
thesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced as 
intermediate chemicals, and sulfur is recovered and sold. 

Project Cost: Unavailable 

COALPLEX PROJECT - AECI (C-190) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. The five processes in-
clude calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide and water, brine 
electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl 
chloride polymerization to PVC. Of the five plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed
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STATUS OF COAL PROJECT'S (Underline denotes changes since December 1927) 

COMMERCIAL AND R&D PROJECTS (Continued) 

COGA-1 PROJECT - Coal Gasification, Inc. (C-195) 

The COGA-1 project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
over 1 million tons of coal per year and will produce 500,000 tons of ammonia and 500,000 tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (IG'I). When completed, the COGA-1 plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James It Thompson announced a $26 million state and local incentive package for COGA-1 in an attempt to move the $600 million 
project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, and the Nor-
wegian fertilizer firm Norsk-Hydro, are currently working to complete the financing package for the facility. 

Project Cost: $600 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-lW) 

The Colombian state coat com pany, Carbocol plans for a coal gasification plant in the town of Amass in the mountainous inland 
department of Antioeuia. 

Proiect Cost: $20 million initial 
$200 million eventual 

COOL WATER COAL GASIFICATION PROGRAM - Participants (Equity Owners): Bechtel Power Corporation, Electric Power 
Research Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, and Texaco 
Inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) and Sohio Alternate Energy Development Com-
pany (Sohio) (C-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco Coal Gasifica-
tion Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General Electric com-
bined cycle unit to produce approximately 120 megawatts of gross power. The California Energy Commission approved the state 
environmental permit in December 1979 and construction began in December 1981. Plant construction which took only 2.5 years, 
was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A five-year 
demonstration period is underway. Once the first stage (demonstration) of the program is completed in June 1989, Southern 
California Edison has the option to undertake commercial operation of the facility if the economics are favorable and permits for 
continued operations are received. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their current commitment is $69 million. Bechtel Power Corporation was selected as the prime 
engineering and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 
million to the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 mil-
lion to the Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo Electric Power 
Company, Central Research Institute of the Electric Power Industry, Toshiba COP Corporation and 1111 Coal Gasification Project 
Corp. signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alter-
nate Energy Development Company are non-equity, contributors to the project, having signed contributor agreements on January 
20, 1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million project loan with a $6 million in-
kind contribution by SCE of facilities at SCE's existing generating station in Daggett, California completes the $263 million fund-
ing. 

A supply agreement was executed with Airco, Inc. on February 24, 1981 for Airco to provide 'over-the-fence" oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the UnitedStates 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 sup-
port 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 
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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. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully commis-
sioned in April 1985. 

A Utah bituminous coal will be utilized as "the Program" coal and will be burned at all times that the facility is not burning an alter-
nate test coal. The Program could test up to 8 different coal feedstocks on behalf of its Participant companies. 

Thus far, a 32,000 ton Illinois No. 6 coal test (nominal 3.1 percent weight sulfur) and a 21,000 ton Pittsburgh No. 8 coal test 
(nominal 2.9 percent weight sulfur) have been completed. Energy conversion rates and environmental characteristics while running 
the high sulfur coal are essentially the same as those observed while burning the low sulfur Utah bituminous. An Australian high 
ash fusion temperature coal will be tested in early 1988. 
The gasifier was started upon May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through October 1987 the gasifier has been on-line for more than 18,700 hours, gasifying over 760,000 tons of coal (dry basis). 
Approximately 1.8 billion gross kWh of electricity have been produced. 

The plant is often referred to as "the world's cleanest coal-fired utility plant" with operations data on low-sulfur Utah coal reflect-
ing NOx emissions of 0.07 pounds per million BTU; sulfur dioxide emissions of 0.034 pounds per million BTU (97 percent 
removal), and particulate emissions of 0.001 pounds per million BTU. These emissions avenge about 10-20% of the allowables 
under the United States Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

Project Cost: $263 million 

COREX IRON MAKING PROCESS - Korf En gineering (C-543) 

A similar plant is under construction for Iscor in South Africa. Commissioning of this plant is planned for early 1988. 

Proiect Cost: Not disclosed 

CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (C-503) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on gasifica-
tion, hot gas cleanup, gas turbines, and their inte gration into an 10CC (Inte grated Gasification Combined Cycle) system. 

Research and development on a 200 tons per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be com pleted in 1993. 
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As of late 1987, the gasifier had been operated for 1200 hours, and tested on 13 different coals. 

Project Cost: 53 million yen 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-245) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 90 percent of capacity. As of Oc-
tober, 1987, the project has completed 1752 hours on coal with the second stage completing 418 hours on coal. It had also 
produced 1354 billion Btu of on-spec syngas and supplied Dow's Louisiana Division power plant with 1307 hours of syngas. 

At full capacity, the plant consumes 2,40) tons of coal per day providing 30 billion 13113 per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium 8113 synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-I acid gas removal system and Selectox sulfur conversion unit are also used at the Plaquemine, Louisiana, plant. 
Oxygen is supplied by Air Products. 

Construction of the plant was completed in first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of The Dow Chemical Company based in Pla-
quemine, Louisiana. 

In this application the Dow Gasification Process and the associated process units have been optimized for the production of syn-
thetic gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels 
Corporation (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the 
price guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the 
guarantee is $620 million. 

Project Cost: $72.8 million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con-
vert a portion of its coat reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. Planning for the project is in an advanced posi-
tion. $20 million has been spent, and 12 years have been invested in site and feasibility studies. Alter thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation is scheduled to release the final Environmental Statement in 1987. The Federal Water Service Contract is expected to 
be approved in 1988. Operation of Phase I of the project is scheduled to begin in 1994. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. The impacts which will occur from 
the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At full capacity, the plant will use the coal under approximately 390 acres of land (about 14.7 million 
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tons) each year. Under North Dakota law, this land is required to be reclaimed and returned to equal or better productivity follow-
ing mining. Nokota will be working closely with local community leaden, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40, tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced. 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output. Access to western markets for methanol through a new dedicated pipeline to Bellingham, 
Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1990 and mechanical construction beginning in 1991 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1994. Construction of the remainder of the facility is scheduled to begin in 1993 and to 
be in commercial operation in 1996. This schedule is subject to receipt of all permits, approvals, and certitications required from 
federal, state, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost:	 $2.2 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

FLASH PYROLYSIS OF COAL WITH REACTIVE AND NON-REACTIVE GASES - Brookhaven National Laboratory and 
United States Department of Energy (C-340) 

The purpose of this program is to perform a systematic generic study on the flash pyrolysis of coal with reactive and non-reactive 
gases. The result of this task is to establish a reliable data base for the rapid pyrolysis of coal over a range of reaction conditions 
which will be useful for development of processes based on these techniques. The yields and distribution of products are being 
perfonned in an entrained tubular reactor. The independent variables investigated include type of coal, process gas, pressure, tem-
perature and residence time. Other independent variables include coal particle size and gas-to-solid feed ratio. The non-reactive 
gases being investigated include the inert gases, He, N, and At chosen for their wide range of physical properties. The reactive 
gases include H,, CO, H20 and CH4 chosen because they are usually produced when coal is pyrolyzed. The light gas and liquid 
analyses are pettormed with an on-line gas chromatograph and the heavier liquids and solids art collected at the end of a run to 
obtain a complete mass balance. The data is reduced, correlated, and applied to a kinetic model. The results indicate that there is 
a correlation of increasing hydrocarbon yields with heat transfer film coefficient depending on the type of gas used. The reaction of 
methane with coal indicated significant increases in benzene and ethylene yields. The process has been termed 'flash 
methanolysis." Work on the program has been completed and a final report written. 

A new program has been initiated on mild gasification of coal to heavy oils and tars at milder process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. Preliminary experiments have been completed on the tubular reactor with 
a Kentucky No, 8 bituminous coal using a nitrogen sweep gas. A test matrix has been designed to obtain the process chemistry, 
yields and characterization of liquid product over a widE range of temperature (500 to 750 degrees C), coal particle residence time 
(10 sec to 50 mm), heatup rate (50 degrees C/sec to 10' degrees C/sec) coal particle size (SO to 300 microns) and additives (slaked 
lime, recycle ash, silica flour, recycle char). 

Project Cost: $200,000 

FULARJI LOW B'FU GASIFIER - The M. W. Kellogg Company and the Ministry of Machine Building Industry of the People's 
Republic of China (C-375) 

Kellogg's KRW gasification process has been selected by the Ministry of Machine Building Industry in the People's Republic of 
China, for application at their First Heavy Machinery Works located in Fulaiji, Heilongjiang Province. The gasifier will utilize a lo-
cal lignite coal to produce a medium heating value industrial fuel gas for use at this plant. 

The First Heavy Machinery Works is the largest heavy machinery plant in Asia. The initial plant was designed and built in the 
mid-1950s and has been expanded several times. Currently the plant employs approximately 17,000 people.

- 
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The Fulaiji plant utilizes a large quantity of fuel gas, primarily for their foundry, heat treating furnaces, etc. A series of 25 Russian 
designed fixed bed gasifiers has been built. 
In March 1986, a contract was signed by Kellogg and the Ministry of Machine Building Industry to construct a KRW gasifier at the 
Fularji First Heavy Machinery Works. Once proven, additional fluidized bed gasifiers will be installed to replace all of the existing 
fixed bed gasifiers at the Fulaiji plant. 

The project is envisioned to proceed in two phases. During Phase I, a single test gasifier will be installed to finalize design 
parameters at full scale and to verify Chinese equipment supply. Phase II would include the installation of additional gasifiers and 
other auxiliary facilities (waste water treatment, etc.). The project is currently in the detailed engineering and procurement phase 
with completion of construction in 1988. This early date Will be the first commercial scale operation of Kellogg's KRW gasifier. 

The split of responsibility for Phase I is as follows: 

Kellogg has completed all basic engineering services including process design and analytical engineering, with detailed design 
of the gasifier to permit fabrication and construction by the First Heavy Machinery Works. Kellogg is also providing special-
ized components of the gasifier and instrumentation not available in China and advisory services during construction, startup, 
and testing. 

The First Heavy Machinery Works will complete the detailed design of Phase I (except the gasifier) and will fabricate or 
supply and erect all equipment. The First Heavy Machinery Works will also provide all necessary operating and maintenance 
manpower and materials necessary for startup and test operations. 

Each KRW gasifier at Fularji will produce 140 million B'FU per hour of fuel gas with a lower heating value of 144 BTU per stan-
dard cubic foot. A single gasifier operating at a pressure of 300 psig, will produce the fuel gas required for Phase I. 

Project Cost: Not disclosed 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GfK Gesellschaft fur Kohleverfiussigung MbH (C-400) 

Until 1984 Gf'K Gesellschaft fur Kohleverfiussigung MbH, a subsidiary of Saarbergwerke AG, has dealt with the single stage, severe 
hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. Furthermore only expensive low 
ash-coals can be processed. 

For this reason since 1984 01K has conceived a unique process called PYROSOL which can produce liquid fuels at a coal price of 
SUS1 per gigajoule competitive to crude oil of $30 per barrel. The PYROSOL process is two-stage, comprising a mild hydrogena-
tion in the first stage followed by pyrolysis of the residue in a second stage. 

At present, activities are directed toward a data base to design a pyrolizer for the 6 tonnes per day liquefaction unit. Data to plan a 
large demonstration plant are expected to be available by the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - United States Department of Energy (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 SNG sold on an unregulated basis. 
In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly according to 
increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of other com-
peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a sub-
sidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 7.5 percent from ANR's interest and 
23 percent from Transco.
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Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification plant, 
Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate natural gas 
system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The project spon-
sors were generally committed to providing one dollar of funding for each three dollars received under the loan guarantee up to a 
maximum of $740 million of equity funds. 
The project, produces an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high I3TU pipeline 
quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of carbon 
dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar, oil, phenols, and naphtha to be 
used as fuels. Approximately 14,000 tons per day of North Dakota lignite is required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been operating the plant 
under a contract with the ANG Coal Gasification Company. The plant has successfully operated throughout this period and 
earned revenues in excess of operating costs. For the period January through June 1986 the plant produced an average of 
137.5 million standard cubic feet per day of high Dlii substitute natural gas (100 percent onstream factor). The gas is marketed 
through a 34 mile long pipeline connecting the plant with the Northern Border pipeline running into the eastern United States. 

Project Cost: $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX - Nitrogenous Fertilizers Industry SA (AEVAL) (C430) 

AEVAL, a Greek state-owned company, is planning to replace its lignite gasification and ammonia plants at its existing fertilizer 
complex, near Ptolemais, Greece. 

Following a 5,000 tonne full-scale industrial test of Greek xylitic type lignite conducted by TECI-INOEXPORT, a Czech state-
owned company, at an existing gasification plant near Usti Czechoslovakia, TECITINOEXPORT has submitted an offer for the gas 
production part of the complex. The technology offered is a fixed-bed gasification technology. 

AEVAL engaged Lummus Crest Inc. (USA) as a technical and economic consultant in order to conduct a detailed feasibility study 
and evaluate the 'I'ECHNOEXJ'ORT proposal. After the completion of the feasibility study, AEVAL has decided to proceed with 
the project on the condition that a financial grant will be obtained under Greece's investment incentive laws and has applied to the 
competent authorities for its approval. 

The final processing scheme selected would produce 380,000 metric tons per year of ammonia of which about 70,000 metric tons 
per year would be sold to a nearby customer and the remaining would be used in the existing fertilizer facilities and in a new 
1,000 metric tons per day area plant. 

Project Cost: $480 million 

IIUENXE CGT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (CGT) Gmbl-1, a joint venture of Deutsche 
Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C472) 

CGT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The CGT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the CGT Process is the integrated fluidized bed and dust gasification 
stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 degrees C hot product gas and are 
separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to 
the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The 
product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasification under pres-
sure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free product gas at 
the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the COT process consists of three stages. Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction and 
operation of a 4 Ions per hour operating system. Step 3—Demonstration of the process at commercial scale. For the component 
test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were 
erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage CGT gasification process. The process 
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design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour pilot plant were erected at the site of the BP Ruhr refinery at Huenxe. The test work comprises 
a conceptual lest program to the end of 1986. After bringing the facility on line and operating the combined fluidized bed with 
entrained flow gasification, the complete working of the test facility with a reference coal will be carried out over the entire operat-
ing range. In the following test phases the suitability of different feed coals will be checked out. In connection with the systematic 
test program, gasification tests with client coals for specific applications are planned. 

Project Cost: Not disclosed 

HYDROGEN FROM COAL PILOT PLANT - Research Association for H ydrogen from Coal Process Development (Japan) (C-SOB 

The specifications of the pilot plant are as follows: 

- Coal processing capacity 
- Pressure 
- Temperature 
- Oxidant 
- Coat Feed 
- Slag Discharge 
- Refractory Lining

20 ton per day 
1.0 MPa 
1.500 to 1,800 de grees C 
Oxygen 
ON 
Slag Lock Hopper 
Water-cooled slag coating 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) (C-505) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a SO tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 250 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled 'Victoria Brown Coal Liquefaction Project." The properties of 
brown coal and bituminous coal are so different that different processes most be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 250 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-150 arm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be light oil. Residue-containing ash will be separated by vacuum distillation. 
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Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991. 

Project Cost: 100 billion yen, not including the three existing PDU 

KANSK-ACI-IINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C495) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at ICATEK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. Start up of the unit was originally planned for 1984, but has been postponed to 1985 due to equipment 
design and delivery delays. Preliminary tests indicate that five tons or Kansk-Achinsk brown coal can produce one ton of liquid 
products at a cost that is 25 to 30 percent less than products that are refined from crude oil from remote Siberian regions. 

Additionally, a second unit referred to as the EM-175 is being built to test rapid pyrolysis of brown coal from the Borodinskoye 
deposit. The test unit will have a capacity or 175 tons of coal per hour. The process will produce coke, tar, and combustible gases. 
Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. I lowever, 
a facility to convert the coal tar into fuels and chemicals has not been built. Therefore, the tar will be burned as fuel in the adjacent 
utility. 

A third experimental coal liquefaction unit, ST-S, is under construction at the Betkovskaya mine of the Novomoskovsk Coal As-
sociation. The unit is intended to demonstrate a relatively tow, pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400 degrees C. A catalyst is used in the process to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of ST-5 was to occur in 
1984. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-SIB) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel process, 
low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pres-
sure of 800 psi. The process produces a pelletized coal, and by-product water and fuel gas. K-Fuel pellets contain 60 percent more 
energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas from the process is util-
ized on site to provide the needed heal for the process. The proposed facility will utilize 4 modules each capable of producing 
350,ODO tons per year of K-Fuel. Wisconsin Power and Light has agreed to a 10-year purchase agreement for "a substantial portion" 
of the output of the plant. The K-Fuel will be tested at Wisconsin Power and Light's Rock River generating station near Debit in 
south-central Wisconsin. For the test Wisconsin Power and Light will purchase the fuel at the cost of production, which has yet to 
be determined but is estimated to be over $30 per ton. If the test is successful, Wisconsin Power and Light has the option to invest 
in the process. The project has been delayed in obtaining long-term financing, but plans to resume construction in late 1987. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Project Cat: $90 Million 

KILnGAS PROJECT - Allis-Chalmers, KILnOAS R & D, Inc., State of Illinois, United States Department of Energy, Electric Utility 
participants are: Central Illinois Light Company, Electric Power Research Institute, Illinois Power Company, Monongahela Power Com-
pany, Ohio Edison Company, The Potomac Edison Company, Union Electric Company, West Penn Power Company (C-520) 

The KILnGAS process is based on Allis-Chalmer's extensive commercial experience in rotary kiln, high temperature minerals 
processing. A 600 tons per day KILnGAS Commercial Module (KCM) has been installed near East Alton, Illinois adjacent to Il-
linois Power's Wood River Power Station. The plant provides low-BTU (160 BTU per standard cubic foot) gas to the Wood River 
station. Gilbert/Commonwealth Associates, Inc., was the architect-engineer. Construction management was provided by JA. Jones 
Construction. Scientific Design contributed to the process design. 

The KCM includes a pressurized gasifier which is a 170 foot long by 12 foot diameer rotary kiln. Coal, transported through the 
gasifier by inclination and rotation of the kiln, is progressively dried, pre-heated, and devolatilized by counterfiowing hot gases. Air 
and steam is injected through a unique system of ports located along the length of the gasifier and reacts chemically with carbon in 
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the hot coal to form hydrogen and carbon monoxide, the primary combustibles in low-BTU gas. The gas, which leaves by both the 
feed and discharge end of the gasifier, is cooled and passed through a sulfur removal process. Particulates and tars, which are rich 
in carbon, are separated from the gas and recycled to the gasifier to improve carbon conversion efficiency. 

The objectives of the KILnGAS program are: (1) demonstrate system performance in a utility environment; (2) obtain data to con-
f
i
rm process design; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) establish a data base to 

proceed with design of commercial plants in the 2,000 to 5,000 tons per day range. The KCM, for which construction was com-
pleted in mid-1983, is used to support these objectives. 

Spanning a period from mid-1983 through late 1985, the KCM underwent performance testing, demonstration runs. In 1986 the 
first phase of a Reliability, Availability, and Maintainability Program. (RAM I) was launched. This program is continuing with 
utility and DOE financial support. The more significant accomplishments to date are: (a) high-sulfur Illinois coal has been success-
fully gasified; (b) an Illinois Power Company boiler has been successfully fired from KCM-generated gas; (c) carbon conversion ef-
ficiencies exceeding 90 percent have been achieved; (d) an avenge of 90 percent total sulfur removal has been accomplished; (e) a 
wide range of performance, reliability, availability and maintainability improvements has been designed, installed, commissioned; 
(I) excellent winter startup and cold weather operating experience under RAM I has been gained for commercial design use. 

Economic studies extrapolating experience to 400 NW 10CC plants show performance potnetials in the 8,000 Btu/kW-hr range 
with "base plant" capital costs near $1,000 per kW. Significant advantages are believed to be gained from being able to operate on 
gas turbine bleed air rather than having to employ pure oxygen from a captive oxygen plant. 

Total fundings for the program through RAM IIB is shown below, 
Electrical Utility	 $46.0 million 
State of Illinois	 35.8 million 
Allis-Chalmers	 114.4 million
United States Department of Energy 17.7 million 
EPRI (testing only)	 5.8 million 

Total	 $219.7 million 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERA-
TION -The M.W. Kellogg Co., United States Department of Energy, and Westinghouse Electric (C-980) 

In April 1984 Westinghouse sold controlling interest in the Synthetic Fuels Division and its coal gasification technology to Kellogg 
Rust Inc.; the new name is KEW Energy Systems Inc. DOE awarded a $27 million contract to KRW Energy Systems to fund con-
tinued development of the KRW coal gasifier. KRW is contributing $6.7 million to the 32-month effort, which is being 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 genera-
tion. The hot gas cleanup technology being tested is a process developed at DOE's Morgantown Energy Technology Center using 
regenerable zinc ferrite to absorb hydrogen sulfide. Other components of the program include a study of hot particulate removal 
and in-bed sulfur removal by injecting limestone. 

The KEW coal gasification pilot plant, located at the Waltz Mill Site near Pittsburgh, Pennsylvania has been in operation since 
1975 and has accumulated more than 10,000 hours of hot operation with a broad range of coals. The range of coal types includes 
highly caking eastern bituminous, western subbituminous, and lignites, high ash and low ash, high moisture and low moisture. 

The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees F and pressures between 130 psig and 230 psig, with air feed 
to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges between 20 and 35 tons 
per day, depending on coal type. 

Several commercial demonstration projects are currently being evaluated for application of the KEW coal gasification system to 
various industrial and utility applications. Included is the Appalacian Project which is to be located in western Pennsylvania involv-
ing a coal gasification combined cycle facility. The first commerical-scale operation of KEW gasification will take place in the 
Peoples Republic of China at Fulaiji in northeast China. (See the Fulaiji Low-BTU Gasifier project). 

Project Cost: Not disclosed
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LAPORTE LIQUID PHASE METHANOL SYNTHESIS -Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-550) 

Air Products is testing a  tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In the process, 
synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. The oil 
acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more con-
centrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio gases 
without the need for synthesis gas shift to produce more hydrogen. While the technology is particularly suitable to syngas derived 
from coal, the concept will be tested initially using hydrogen and carbon monoxide produced from natural gas. 

In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of a 40 day con-
tinuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon monoxide-rich gas repre-
sentative of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per day 
with a total production of approximately 165 tons of methanol (50,000 gallons). The plant, including the slurry pump and a spe-
cially designed pump seal system, operated very reliably during the run. 

A 10-day test in July 1985 was conducted at higher catalyst concentrations (35 to 45 weight percent). The unit was operated with 
balanced gas for I day, and carbon monoxide-rich gas for 9 days. The PDU demonstrated excellent operability with 100 percent 
on-stream reliability, but catalyst activity maintenance was somewhat lower than laboratory predictions. 

Additional laboratory research is currently underway, while operation of the unit is expected to begin again in 1988. 

The next step is scale-up to a larger unit. 1VA's facility at Muscle Shoals, Alabama, where actual synthesis gas from a Texaco 
gasifier could be used, is a potential host site. 

Project Cost: 	 DO $25.6 million 
Private participants: $3.8 million 

LFC COAL LIQUEFACTION/COGENERATION PLANT - 5(11 International (C-557) 

SQl International is developing a 35 megawatt electric cogeneration and coal liquids production facility to be located near Colstrip, 
Montana. This facility is designed to utilize the Liquids from Coal (Lit) process, developed by SQl International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LFC process equipment in one cogenerating system. 

According to the developers, SQl's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-art 
technology. Compared with other coal conversion processes where high temperatures and pressures are required, the LFC process 
operates at low pressures and tess severe thermal process conditions, some of which require only low-grade and medium-grade heat 
(140 to 64)) degrees F). In the system, the electric generation unit supplies waste heat to meet these LFC process thermal loads, 
while the solid waste by-products from the LFC process are used to fuel the electric generation unit. 
501 has obtained a tong-term (35 year) power sales agreement with Montana Power Company. The estimated project cost is 
$72.5 million. SQl International is currently working to obtain a contractor to perform the design and construction of the LIt 
Cogeneration Plant- Site work is scheduled to commence in the spring of 1988 with the entire facility complete by late-1989. Once 
in full operation, the facility will employ a staff of 35 to 40. 

Project Cost: See above 

LIBIAZ COAL-TO-METHANOL PROJECT - Krupp Koppers and KOPEX (C-568) 

Erection of a coal gasification project in Poland is to resume in 1988. The plant is to be built by Krupp Koppers at Libiaz in 
southern Poland. Equipment for the plant has been stored at Libiaz for several years. The project, which began in 1980, has been 
stalled due to 'political difficulties" in Poland. 

The Libiaz project will reportedly use approximately I million metric tons per year of high sulfur coat. Synthesis gas produced by 
the Koppers-Totzek (IC!) technology will be utilized to produce methanol. 

Project Cost: Not disclosed
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LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - 1(1-ID Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-580) 

1(1-ID and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasifica-
tion processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant will be designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C. Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-587) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in September, 1989, the Lu 
Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - United Coal Company and United States Department of Energy 
(C-622) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing I ton per day of coal or coal waste. Under the sponsor-
ship of the United States Department of Energy (DOE), UCC has developed a process that is primarily aimed at recovering the 
energy value contained in wastes from coal cleaning plants. To utilize this waste, UCC developed a mild gasification/coal liquid ex-
traction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase II continues un-
der the sponsorship of the U. S. Department or Energy/Morgantown Energy Technology Center involving further development of 
the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program will undertake the fol-
lowing:

Developing a more detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducting the extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Testing char and char/coal blends for use in industrial/utility boilers, 100 percent char in stoker boilers, and for use to re-
place or extend coke in blast furnaces. 

Evaluating the coal liquids as a home heating fuel. 

Distilling the coal liquids into fractions with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications. 

The process demonstration unit will undergo a modification phase initially to enhance the overall unit performance. Modifications 
to the condensing system, reactor tubes, furnace, and coal feed system are planned. Upon completion of this phase, an expanded 
optimization program will be initiated. Product testing and economic assessments will be expanded as the unit production 
capability and operating efficiency is fine tuned. 

Project Cost: Not disclosed 

MONASH HYDROLIQUEFACFION PROJECT - BP United Kingdom Ltd. and Monash University (C-665) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into hydroliquefaction of Victorian brown coal. Both batch autoclave studies and continuous hydrogenation in a 
bubble column and a stirred tank reactor are being conducted.

SYNTHETIC FUELS REPORT, MARCH 1988 
4-69



STATUS OF COAL PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

BP United Kingdom Ltd. is continuing to fund for an additional two years a collaborative research project with Monash University 
on brown coal conversion using synthesis gas. Substantial Funding for the continuous flow research has been provided by the 
Australian Government's National Energy Research, Development and Demonstration Council. The batch autoclave work has 
been largely supported by the Victorian Brown Coal Council. 

Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solutions shows enhanced 
activity for hydrogenation in tetralin compared with untreated coal. The Monash studies show that a mixed metal catalyst system, 
which is predominantly iron-based with trace amounts of tin, displays a significant synergistic effect when compared with 
hydrogenation results for experiments using only iron- or tin-based catalysts of comparable metal concentrations to the mixed 
metal system. Mossbauer studies arc 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 
coat-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 tem-
perature, residence time, and catalytic treatment on coal conversion and product yields, together with providing reasonable quan-
tities of products for further studies. Coupling of the two reactors in series has been achieved and conversion studies began in 
coal-derived solvents other than tetralin. Mathematical modelling of the process has also proved successful. 

Project Cost: $1.8 million (Australian) since commencement 

MOUNTAIN FUEL COAL GASIFICATION PROCESS - Ford, Bacon & Davis; Mountain Fuel Resources, Inc.; United States 
Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high temperature, oxygen 
blown, entrained flow gasifier. The gasifier operates at stagging temperatures (about 2,800 degrees F), 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 1981 The unit has been running on coal since February 1983, conducting component and process evaluation tests. Coal 
variation tests, sustained operation tests, and all experimental works were completed in November 1984. The project was com-
pleted and the final report issued to DOE in April 1986. 

Project Cost: $8.9 million 

NATIONAL SYNFUELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (C-lOS) 

The NSI gasifier has been installed at Elgin Butler Brick Company's brick making plant in Elgin, Texas. Production of 30 million 
BTU per hour low-BTU gas is expected from lignite feedstock. NS1 technology uses a multi-stage gasifying process, physically 
segregating steps for fuels drying/devolatilization, char gasification, and thermally cracking pyrolysis tars and oils. The gasifier was 
to start up during April 1984, with full operation anticipated by year end. However, a number of mechanical problems prevented 
full startup in 1984. Recent tests and operation indicate 150 BTU per standard cubic feet gas can be available. Further develop-
ment is still in progress. 

Project Cost: $2 million 

NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-710) 

Energy Transition Corporation (EFCO) has proposed a coal pyrolysis project to be built in northwest New Mexico. The proposed 
plant would use Union Carbide's hydrocarbonization pyrolysis process to convert 20,000 tons per day of coal into crude oil and 
char. Coat for the project would be supplied by Utah International's Navajo Mine, and product char would be used at nearby 
electric power generation plants. A study conducted by EI'CO for the New Mexico Energy Research and Development Institute 
indicated the plant would achieve a favorable economic return at $28.50 per barrel for product oil and $125 per million BTU for 
coal/char. 

Tests using the Navajo coal were conducted in a modified synthane PDU operating at hydrocarbonization conditions at DOE's Pit-
tsburgh Energy Technology Center during January 1985. ETCO is seeking additional equity partners for the project. 

Project Cost: $770 million
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NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-754) 

A group of Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce synthesis gas for ammonia production. Initially, the facility will 
produce 250,000 to 350, tonnes of ammonia per year, hot water for the Southern Stockholm district heating system, and in-
dustrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. In 
the wintertime part of the gas will be used for power generation. The plant is scheduled to go on stream in 1991. 

Participants in the project are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank. 

The Investment Bank and Johnson are equal partners in a new company, Nynas Kombinate AB, which will own 50 percent of NEX. 
AGA, whose stake in NEX will be 50 percent, will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

OHIO-I COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-756) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project to 
produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to produce 
300,000 gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. Production 
of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This plant will use 
high grade sulfur coal from existing mines in the area. 
The proposed project will utilize a High Temperature Winkler (I-ITW) fluidized bed gasifier to produce raw synthesis gas. The gas 
is cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler feed 
water heat exchanger to recover available energy for use in the plant. Solids removed by the cyclone(s) are recycled to the gasifier 
to improve the carbon conversion efficiency. Carbon conversions of approximately 96+ percent are expected. The raw gas, 
cleaned of particulate matter, is processed in the synthesis section. 

Construction is scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

This plant has been estimated to cost $260 million. 

Project Cost: $260 million 

OHIO ONTARIO CO-PROCESSING PROJECT - Ohio Ontario Clean Fuels Inc., Stone and Webster Enaineerin g Corp., HIt! Inc., 
Ohio Coal Development Office, and United States Department of Energy (C-253) 

This project is a prototype commercial coal/oil co-processing plant to be located in Warren, Ohio. This plant will convert high sul-
fur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
HIt!, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
simultaneously converted to clean distillate fuels. A 'typical' C4-975 degrees F distillate fuel will contain 0.1 percent sulfur and 
0.2 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant is slated for 1990. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program and nerotiations have been com-
pleted with DOE and Ohio. 

Project Cost: $2173 million 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (1(K) (C-798) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of OK!' Gesellschaft fuer Kohle-Technologic) 
are presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration module for the 
PRENFLO (pressurized entrained flow) process. The PRENFLO process is KK's pressurized version of the Koppeis-Totzek (1(T) 
entrained now gasifier. 

In 1973, KK started experiments using a pilot Kr gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BV and KK for a cooperation in the development of the pressurized version of the WI' 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
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built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed 10 continue further 
development separately, with each partner having access 10 the data gained up to that date. KK's work has led to the PRENFLO 
process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput. The plant is located at 
Fuerstenhausen, West Germany. Simultaneously with the pilot test program, the design and engineering of a demonstration plant 
with a capacity (coal feed rate) of 1,000 tons per day will be carried out. The engineering of the 1,000 tons per day gasifier module 
('ready for construction') is expected to be completed in 1988. 

Project Cost: Not disclosed 

RIIIZINBRAUN 111011-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbI-1, West 
German Federal Ministry for Research & Technology (C-803) 

R.heinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion procest 

On the basis of preliminary tests in a bench scale plant at Aachen Technical University near Cologne, the sponsors commissioned a 
pilot plant in July 1978 at the Wachtberg plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 
1.3 tons per hour dry lignite. By end of June 1985 the test program was finished and the plant was shut down. From 1978 until 
June 1985 about 21,000 tonnes of dried brown coal were processed in about 38,000 hours of operation. The specific synthesis gas 
yield reached 1,580 standard cubic meters per tonne of brown coal, MAP, corresponding to 96 percent of the thermodynamically 
calculated value. At feed rates of about 1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic 
meters per hour per square meter of gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

Rheinbraun has constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters syngas per year. 
All engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union Kraftstoff subsidiary for methanol production testing 
periods. 

The plant was started up in early 1986. In several processing periods quite good efficiency data corresponding to the results of the 
111W pilot plant were reached in the gasifier. Nearly all steps of gas aftertreatn,ent had been operated. 

In the meantime studies for further development of the H'FW process for higher pressures up to about 25 bar are being performed 
including optimization of the processing system as well as operation in a recycling fluidized bed especially in respect to utilization 
for combined power production. 

The erection of a new pilot plant for pressures up to 25 bar and throughputs up to 63 tons per hour is planned on the site of the 
former pilot plant of hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction will be&n in 1988. with completion in mid-1989. 

Project Cost: Undisclosed 

SASOL - Sasol Limited ((2-820) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The Synthol oil-from-coal process was developed by Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100,000 
tons, of oxygen, 26,000 tons; and of water, 160 megaliteis. Sasol's facilities at Seconder for the production of oxygen are by far the 
largest in the world. 
Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Recticol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Synthol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, and ammonia for the group's Fertilizer and Explosives Divisions. 

SYNTHE11C FUELS REPORT, MARCH 1988 
4-72



STATUS OF COAL PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four Seconds Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cost': SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNF'UELS PROJECT - DFVCO (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) (C4822) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Gulf Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. The plant start-up could be 
in 1989/1990. Additional funding of $750,000 requested from the Oil Substitution Fund (a fund jointly administered by the 
Canadian Federal Government and the Provincial Government of Nova Scotia) to evaluate two-stage process options was an-
nounced by the Nova Scotia government on October 3, 1984. 
A contract was completed with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). 

Feasibility report has been completed. Ftnanceability options are being discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 13,000 barrels per day and has reached agreement in principle to purchase the Point Tupper site from Ultramar Canada Inc. 
Recent developments in co-processing technology have reduced the capital cost estimates to under $(500 million. 

Project Cost:	 Approximately $4 million for the feasibility study 
Approximately US$250 million for the plant 

SCRUBGRASS - Scnibgrass Associates (C-825) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GKT 
entrained-flow coal gasification, ICI methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SIt dropped the project from further consideration. 

Scrubgrass Power Corporation has converted the project from production of liquid fuels to the production of electric power, at the 
same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. The 
plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project costs, including start-up, commissioning, engineering, procurement, and construction, and financing 
costs, are $145,000,000. Financial closing is anticipated in mid-1987. 

Project Cost: See above 

SIIELL COAL GASIFICATION PROJECt' - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-840) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours.
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A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Shell Oil Company, The Electric Power Research Institute, and Lummus Crest, Inc., recently announced plans to build a 
demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process. Engineering was done by Lummus 
Crest's Bloomfield Division to incorporate all the advanced features of the Shell process and will be located at Shell's Deer Parkt 
Manufacturing Complex. Lummus Crest, Inc., is a subsidiary of Combustion Engineering, Inc. Shell Development Company, a 
division of Shell Oil, will operate the facility. 

The facility's gasifier will usc pure oxygen and is designed to process a broad range of coats, including about 250 tons per day of 
high sulfur bituminous coal, or about 400 tons per day of lignite. The medium-BTU gas and steam produced will be consumed 
within Shell's adjacent manufacturing complex. Construction was completed in the first quarter of 1987, and startup occurred in 
mid-1987. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT— British Gas Corporation (C-850) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a throughput of 350 tons per day.) The plant has been successfully operated since that date on a wide 
range of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable propor-
tion of fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully. 

A new phase started in November 1984, is the demonstration of a 550 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 8 feet. Within this demonstration program a three month run will be carried out in 1988 to demonstrate gasifier 
operability, gas purification, and methanation to make SNG. it is also planned to carry out a number of tests for EPRI and the 
Gas Research Institute. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine to generate 
power for the grid. The turbine will be supplied with product gas from the plant. It has a combustor temperature of 1,960 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. 

mance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (0865) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppers. Heads of Agreement have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rbeinbraun HTW gasifier 
and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, ERG, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, ERG has been completed and final reports on the tests are due 
by July, 1987, when a review of the project will be undertaken and directions for ongoing development determined. 

Project Cost: DM 73 million

SYNTHETIC FUELS REPORT, MARCH 1988 
4-74



STATUS OF COAL PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

SThWHESEGASANL&GE RUHR (SAR) - Ruhrkohlc Get and Gas GmbH Ruhrchemie AG (C-869) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. Approximately 120,ODO tons of German hard coal have been gasified up to October, 1987 to 
produce 330 million cubic meters of synthesis gas and 40 million cubic meters of hydrogen. The investment is subsidized by the 
Federal Minister of Economics of the Federal Republic of Germany. The Minister of Economics, Small Business and Technology 
of the State of North-Rhine Westphalia participates in the coal costs. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-Bce) 

The commercial status of the Texaco Coal Gasification Process has been a result of extensive development at Texaco's facility in 
Montebello, California since the 1973 oil embargo. During this period, Texaco spent more than $8 million to expand and improve 
its existing gasification facilities at Montebello. There are now two complete gasifier trains, each capable of processing more than 
20 tons per day coal, at pressures ranging from 300 to 1,200 psig, in either the quench or gas cooler modes of operation. The 
facilities include coal grinding, slurry preparation, and gas scrubbing units which are capable of producing a clean syngas product in 
continuous operation. This pilot plant has processed a wide variety of coals and has provided design information for a number of 
commercial projects in operation and under construction. In addition, pilot plant operations are conducted to improve and 
enhance Texaco's gasification technology. 

Texaco's development activities were complemented during the 1978 to 1985 period by operations at three licensed demonstration 
plants. These plants are owned by Ruhrkohle AG/Ruhrchemie AG, Tennessee Valley Authority, and Dow Chemical, and are lo-
rated in Oberhausen—Holten in the Federal Republic of Germany, Muscle Shoals, Alabama, and Plaquemine, Louisiana, respec-
tively. 

The Texaco Coal Gasification Process is currently employed for the commercial production of electric power and a variety of 
products, and has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects 
currently in operation utilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which 
manufactures methanol and acetic anhydride, the 1,000 tons per day Cool Water plant which manufactures electricity, and the 
1,650 tons per day Ube Ammonia plant which manufactures ammonia, and the 770 tons per day SAR plant in Oberhausen, West 
Germany for the manufacture of oxo-chemicals. Commercial projects currently in detailed design and/or construction include the 
440 ton per day LuNan Coal Gasification Plant in China to manufacture ammonia, and the 2,700 ton per day Nynas Energy Chemi-
cals complex in Sweden, and the 1,100 tons per day Shoudu Coal Gasification Plant in Bei j ing. China. A number of United States 
utilities are actively considering coal gasification for future electric power capacity additions, and several are working with Texaco 
on detailed site-specific studies of the Texaco process. 

Project Cost: Not applicable 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corporation (C-900) 

TOSCO has completed development in 1983 of an atmospheric, low-temperature (800-970 degrees F) coal pyrolysis system, named 
the TOSCOAL Process, at their 25 tons per day pilot plant facilities, located near Golden, Colorado. The TOSCOAL Process is an 
adaptation of the TOSCO II oil shale retorting process to coal carbonization. The process products ate char for power plant con-
sumption, high-BTU gas, and oil. The process selectively reduces the volatile matter of the parent coal to any desired level in the 
char, usually 10 to 18 weight percent. Combustion and reactivity tests were performed on chars produced from three bituminous 
coals. Test results showed that the chars made from these coals had reactivity comparable to the parent coal. Pilot plant combus-
tion tests showed that boiler slagging and scaling characteristics were similar to the parent coal. One oil was hydrotreated to 
produce a 24.4 degrees API syncrude product containing 0.04 weight percent sulfur, 055 weight percent nitrogen, and 1.78 weight 
percent oxygen. Process evaluations show that a plant designed to process nominally 10,000 tons per day of coal will produce as 
major products 7,800 tons of readily combustible char, 11,500 barrels of hydrotreated oil, 310 barrels of vacuum residual as well as 
fuel gas. Economic analyses indicate that, relative to coal liquefaction technologies, the capital cost per daily barrel of product 
from the TOSCOAL Process is substantially less. 

Project Cost: Undetermined
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COMMERCIAL AND R&D PROJECTS (Continued) 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 

The TVA is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located at Muscle Shoals, 
Alabama. A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons per day ammonia plant. Plant 
construction was completed in mid-1980. Capital costs total $46 million. Brown and Root of Houston held the $25.6 million con-
tract for the construction of the eight ton per hour coal gasifier. The air separation plant was built by Air Products and Chemicals, 
Inc. at a cost of $5 million. The remainder of the work was done by TVA. The coal gasifier can provide 60 percent of the gas feed 
to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural gas, if desired. The initial 
feed to the coal gasifier was Illinois No. 6 seam coal. 

The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology conference in October 1980 
and continued in itermittent operation until 1981. However, actual production of feed gas for ammonia manufacturer was not ac-
complished because of mechanical problems. The plant was shut down while modifications were made to the gasifier and other 
downstream processes and equipment. 

The plant was restarted in April 1982. Operations continued intermittently through November 1982 and culminated in a 5-day per-
formance test. Although the plant did not meet all the contract performance requirements, particularly in the sulfur recovery area, 
the facility did provide synthesis gas for the production of ammonia. Plant operations continued for 12 days, prior to being shut 
down at the end of the performance test. Total operating time was approximately 1,600 hours. 

The plant was not operated again until July 1983 primarily because of budget limitations. A 5-day coal test was made in July and 
was followed by a 20-day test using EDS residues. Additional tests were made in late 1984 and 1985. The project was completed 
and the facility was shut down in September 1985 after operating for 3,600 hours. 

Project Cost: $60 million total 

UI3E AMMONIA-FROM-COAL PLANE - 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 a first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ubc's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative "front end" of the existing steam reforming 
process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required. 

The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost of 
ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant 
is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

UNIVERSITY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE - United States Department of Energy and 
University of Minnesota (C-970) 

In February 1977, DOE awarded a five-year cost-sharing contract to the University of Minnesota for design, construction, and 
operation of a 72 tons per day Foster Wheeler Stoic gasifier to be located at Duluth, Minnesota. Foster Wheeler provided the en-
gineering services. The two-stage gasifier utilizes technology licensed by Foster Wheeler from Stoic Combustion Ltd. of Johannes-
burg, South Africa. The 180 BTU per standard cubic feet gas is used to fire a boiler for heating/cooling of campus buildings. The 
process produces fuel oil as a coproduct which will be used as boiler fuel during gasifier maintenance. The Stoic gasifier was 
started initially in October 1978. Altogether five different western sub-bituminous coals have been fed to the Duluth unit. The 
heavy coal oil recovered by means of electrostatic precipitation has been stored and fired successfully in the University's boilers. 
The gasifier is now fully operational, and on an extended run providing partially the fuel needs for the campus heating plant. 

Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of operation. Cooperative 
agreement with Department of Energy ended August 1982. Plant operation now entirely funded by University of Minnesota. 

Project Cost: $6,401,557.30; DOE share $2,818,940.00

SYNThETIC FUELS REPORT, MARCH 1988 
4-76



STATUS OF COAL PROJECTS (Underline denotes changes since December 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

yEW GASIFICATION PROCESS - Vereiniate Elektrizitatswerke (0974) 

Wet gas-cleaning with prescrubbing to remove N1-I4CL, and amisol washing plus a Claus plant to remove sulfur. 

Prescrubbing to remove NH4CL. with combustion of cases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separatiotrin the RID plant. 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which time is used as a rea gent, with sulfur 
removal in the KID plant. 

Proicet Cost: Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-975) 

BCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of thy ash free 
coal. Bay is n subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho Iwai, Idemitsu Kosan, and Asia Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy Development Organization (NEDO). NBCL is entrusted with implementation of the entire program, and BCLV 
is carrying out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. Both sections are now operating. The pilot plant is planned to operate until September, 1989. 

The aim of the pilot plant is to provide data on the BCL Process developed since 1971 by members of the consortium. Tentative 
plans call for construction beginning near the end of this decade of a demonstration plant consuming about 5,000 tons per day of 
dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost: Undisclosed 

WUJING TIUGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-992) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and steam. 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai. 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the 
existing coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,800 Kcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of 
electricity; 100 metric tons per hour of low pressure steam; and 300,000 metric tons per year of 99.85 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program ('I')P), International Development Cooperation Agency. 

Project Cost: Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

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: 
(I) coal and site characterization; (2) test design and feasibility studies; and, (3) test operations and evaluation. 

During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of Brazilian coals, technical 
experts on site, site characterization methods and tools, and data evaluation to develop a preliminary process design. CAEEB will 
provide needed data to DOE and will be responsible for actual site characterization studies and field tasks such as drilling and 
seismic studies. 

During the test design and feasibility study phase (Phase 2), DOE will provide information and technical experts to assist in the 
preparation of the preliminary design of an actual field test. During this second phase CAEEB agrees to be in charge of the 
preliminary feasibility test program, and for all subcontracting. 

In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the CAEEB during the 
operation and evaluation of the UCG test. DOE may also loan data aquisition hardware and software and related instrumentation 
to assist in monitoring the test. CAEEB will provide to DOE all information on the design and results of the field test. 

DOE and CAEEB will each bear their own costs of their participation in the activities under the agreement. The agreement will 
continue for a five year period, and may be extended by mutual agreement of both countries. 

Project Cost: Not Disclosed 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-lots) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCG) for domestic 
coal. The proposed site for the test in western India contains large reserves of subbituminous coal that could be amenable to UCG. 
However, experts from the United States, France, Netherland, Belgium, and West Germany concluded that the depth of the 
coal—approximately 2,750 feet—may cause some challenges, but have agreed with the strategy adopted by India for detailed 
geological, geophysical and hydrological studies prior to gasification and proposed horizontal drilling, completion policy and surface 
design. Therefore, they recommended that the Indian researchers utilize the Controlled Retracting Injection Point (CR11') 
technology developed by the Lawrence Livermore National laboratory. 

The first information well (UCG-1) has been drilled in Mehsana City structure located in North Gujarat. Detailed hydrological, 
geological and geophysical studies have been completed. Detailed 3-D seismic work has been done. A few more wells may be 
drilled for more data gathering before actual gasification in 1989-90. 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic 
Community, and Federal Republic of Germany (C-I 150) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The first effort has grown 
since 1976, when a Belgo-Gennan 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.
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Underground Gasification Projects (Continued) 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after 
scattering of this fire, the oxygen content of the exhaust gases increased to a level where it should be possible to again develop 
reverse combustion starting from the recovery well. 

The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting Ca. 500 cubic meters per hour air and 50 cubic 
meters per hour carbon dioxide under 250 bar and keeping a backpressure of iOO 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 welts. 

This trial has been made with success in September 1985: a drainhole of 40 meters length (27 meters in coal) has been drilled from 
Well 1 in the direction of Well II, and a flexible liner has been set inside this drainhole. However, the azimuth control was poor. It 
is planned to drill a sidetrack from Well If and to link it with the drainhole in early 1986; this delay is due to the tong delivery time 
of the special, corrosion resisting material to be set inside Well I!. 

In December 1985 and January 1986, a sidetracked hole was drilled from the level 670 of Well LI and crossed the seam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in the 
injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. The 
preparatory works (wellhead modification, design construction, and tests of the new equipment ended in August 1986. 
After preliminary trials made above ground to simulate the conditions of rubber hose combustion, the underground trial took place 
on August 24 and was only partially successful. About 10 meters of rubber hose were destroyed, but the connection with the 
recovery well was reduced by tar accumulation and it was still impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the 
injection well, the sponsors decided to start the gasification without any change to the equipment. 

They tried to provoke self-ignition of the coal by injecting a small flow of oxygen enriched air this succeeded on October 14. the 
program is: first, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carbon dioxide/oxygen mixture as gasifying agent, and then to extend the gasifier as 
far as possible using compressed air as the gasifying medium. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-1092) 

The LLNL has been working on in situ coal gasification since 1972, under the sponsorship of DOE and predecessor organizations. 
Tests that have been conducted include three underground coal gasification tests at the Hoe Creek site near Gillette, Wyoming; 
five small field tests ('Large Block Tests') at an exposed coal face in the WIDCO coal mine near Centralia, Washington; and a 
larger test at the same location (the 'Partial Seam CRIP Test'). 

Previous LLNL work involved development of the packed bed process, using explosive fracturing. A field test, Hoe Creek No. 1, 
was conducted during FY1976-1977, to test the concept. A second experiment, carried out during FY1977-1978, Hoe Creek No. 2, 
was gasified using reverse combustion and produced 100 to 150 ifrU per standard cubic foot gas using air injection, and 250 to 
300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The third experiment, Hoe Creek No. 3, was 
carried out during FY1978-1979, using a drilled channel to provide the link between the process wells. The test ran for 57 days, 
47 consecutive days using steam and oxygen, during which 3,800 tons of coal were gasified with an average heating value of 
215 BTU per standard cubic foot. The test showed that long-term use of steam-oxygen underground gasification is technically 
feasible, operationally simple and safe. The use of steam and oxygen is crucial because the medium heating value gas produced by 
steam-oxygen gasification is readily converted to chemical synthesis gas or to pipeline quality, which is the objective of this project. 
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Underground Gasification Projects (Continued) 

The "Large Block Tests" in FY1982 were designed to carry the concepts of the laboratory tests to a larger size in the field and still 
retain the ability to visually examine the burn cavities by simple excavation. The tests were very successful in providing detailed 
data which were used to develop a 3-U cavity simulation model, CAVSM. The results from the Block tests led to the design of the 
Centralia Partial Seam CRIP test which was carried out in FY1983-1984. Over 2,000 tons of coal were gasified with steam and 
oxygen to produce a gas with an average heating value of 240 BTU per standard cubic foot. The test was designed to test the 
Controlled Retracting Injection Point (CRIP) concept in a coal seam with real commercial potential but on a scale small enough to 
allow the test to be completed within 30 days. Oxygen-steam injection was used through a 900 foot long well drilled from the coal 
face parallel to the dip of the seam. The product gas was produced first through an intersecting vertical well, and second, for the 
CRIP cavity, through a slant well drilled from the exposed face. Two distinct gas qualities were achieved a relatively high level after 
the CRIP maneuver and lower levels during the first cavity burn and after the roof collapse of the second burn. Even though some 
directional control problems were encountered in drilling the slant holes, the overall success of the Partial Seam test was very 
encouraging for the future of UCG at the Centralia site. The CRIP concept adds one more degree of contro 
A large scale test, Rocky Mountain 1 was carried out in late 1987 and early 1988 at Hanna, Wyoming. The test will provide a direct 
comparison of the CRIP method with a vertical injection well method, and will operate long enough to give resource recovery data 
from a multiple cavity burn. Both test modules utilized directional drilled links and horizontal production wells. One module used 
a CRIP injection system while the other used vertical injection wells. 

LLNL is providing the gas analysis and data aguisition systems for the test and also activel y sunoorting the operational phase of the 
test. 

Objectives for FYI988 include: 

1. Continue to support the Rocky Mountain 1 field lest at Hanna, Wyoming including active participation in the operational 
phase. Goals of the experiment are to determine the technology for larger scale operation and to refine the economics for 
commercial gasification. 

2. Continue the modelling program with emphasis on cavity growth simulation comparison with field results. 

3. Continue to support the DOE and State Department in technology transfer through agreements with foreign countries 
such as Spain, Brazil, and India. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C-lOW?) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drillingto test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific are continuing. 

Shedden Pacific Pty. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal at Leigh Creek 
could be used for UCG. These reserves are unlikely to be economically recoverable by open pit or underground mining methods, 
and would support a 250 megawatts power station for approximately 25 years. 

The preliminary design laid out in the study is based on a gasification panel consisting of a coal seam 13 meters thick, with dip 
angle of 10 degrees to 13 degrees, into which one blast air borehole and two production boreholes are drilled horizontally. Each 
panel is 400 meters long and 80 meters wide with the blast air borehole located along the central axis and the production bores 
spaced equally on either side. 

The blast air and production boreholes are drilled down dip using deviated drilling techniques. At the down dip end of the panel 
are located four vertical ignition bores equally spaced across the panel. A blast borehole in the seam has the great potential 
advantage that, provided that it does not burn back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs
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Underground Gasification Projects (Continued) 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN I TEST - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Union Pacific Resources Com pany, and United States Department of Energy ((>1099) 

A field test of the Controlled Retracting Injection Point (CRIP) technology was conducted in late 1987 and earl y 1988 near Hanna, 
Wyoming. The test, named "Rocky Mountain I," is funded by the United States Department of Energy (DOE) and a four member 
industrial consortium. The consortium, headed by the Gas Research Institute, also includes the Electric Power Research Institute, 
Amoco Production Company Research Center, and Union Pacific Resources Company. 

The test site is about two miles south of Hanna, Wyoming, near a site used in the 1970s by the government to conduct some of the 
United States' first underground coal gasification tests. The CRlF technique was conceived by LLNL in the late 1970s; to improve 
the efficiency, boost resource recovery, and increase the reliability of underground coal gasification. The CRIP method uses a 
horizontal well drilled along the base of a coal seam that is lined with a thin-walled metal pipe to supply oxygen to the coal to 
support the gasification process. To gasify the coal, successive sections of the well liner are burned away and the coal seam is 
ignited by a propane burner inserted in the horizontal well. The coal gasifies from the bottom of the seam upward producing 
medium-BTU gases. The gases ate transported to the surface either through a second horizontal well near the top of the seam or 
through widely spaced vertical wells bored into the coal seam. As sections of the coal seam gasify, a cavity forms and ultimately 
reaches the top of the seam. Then, the ignition device is moved, or "retracted," to a fresh section of coal, and the process is 
repeated. 

A 30 day field test of the CR11' technique was conducted in 1983 at an exposed coal face in the WIDCO coal mine near Centralia, 
Washington. The Rocky Mountain I test will create multiple cavities in two parallel rows 350 feet underground in a 30 foot thick 
subbituminous coal seam. One row consists of a 300 foot long CRIP module. The other uses vertical injection wells similar to 
those in previous underground field tests. As much as 20,000 tons of coal-10,000 tons per row could be gasified in the 100 day 
test. 

A companion effort will evaluate the ecological and environmental aspects of underground coal gasification. 

Early results were very satisfactory, with very good Las quality from both modules, but slightly better from the CRJP module. 

Project Cost: $9.85 million 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company a joint venture of 
Gilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-IWO) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, AMMONIA/UREA PROJECT— Energy International, Inc. and United States 
Department of Energy (C-Ills) 

Energy International (El), Inc. has been authorized to receive $12 million from the Department of Energy's Clean Coal Technology 
Program in support of an underground coal gasification (UCG) project near Rawlins, Wyoming. The DOW money, which will be 
repaid from any resulting profits, will supplement the more than $65 million in private sector financing that will fund the UCG 
production of raw materials used in fertilizers. 

Following the merger of Gulf Oil Company with Chevron, the former Alternate Energy Development management of the Gulf 
Research and Development Company (GR&DC) purchased the rights to a variety of coal-based technologies they had developed 
for Gulf and formed Energy International. Work on the Rawlins site has been underway since the late 1970s, when the GR&DC 
began an experimental UCG project there. The site of the earlier work has now been environmentally restored and the new 
project will be located nearby. 

As part of its Rawlins project, El has made commitments to purchase existing fertilizer plants in Augusta, Georgia, and El Centro, 
California. Work is expected to begin on refurbishing these plants in January of 1988 while construction on the Rawlins site will 
begin in the spring of 1988. Start-up operations are scheduled for the third quarter of 1989, with production slated for the fourth 
quarter of the same year. 

Project Cost: $77 million
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COMPLETED AND SUSPENDED PROJECTS 

Pro ject Sponsors 
A-C Valley Corporation Project A-C Valley Corporation 

Acurcx-Aerothern, Low-BTU Gasifier Acurex-Aerotherm Corporation 
for Commercial Use (3len-Gezy Corporation 

United States Department of Energy 

ADL Extractive Coking Process Arthur D. Little, Inc. 
Development Foster-Wheeler 

United States Department of Energy 

Advanced Rash HydropyTolysis Rockwell International 
U.S. Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, Inc. 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

Beach-Wibaux Project See Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) 
TRW, Inc. 

Bell High Mass Flux Gasifier Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. 
Placer U. S. Inc. 

131-GAS Project United States Department of Energy 

Brcckinridge Project Bechtel Petroleum, Inc. 

Burnham Coal Gasification El Paso Natural Gas Company 
Project 

Byrne Creek Underground Coal Dravo Constructors 
Gasification World Energy Inc.

Calderon Fixed-Bed Slagging Project	 Calderon Energy Company 

Car-Mox Low-BTU Gasification 	 Pike Chemicals, Inc. 
Project 

Catalytic Coal Liquefaction	 Gulf Research and Development

Last Appearance in SFR 
June 1984; page 4.59 

September 1981; page 4-52 

March 1978; page B-23 

June 1987; page 447 

September 1978; page 13-22 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981; page 4-72 

December 1983; page 4-77 

March 1985; page 443 

December 1983; page 4-78 

September 1983; page 442 

March 1987; page 4-90 

December 1985; page 4-73 

March 1980; page 4-53 

December 1978; page 13-25 
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Project Sponsors Last Appearance in SFR 

Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese Fast Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page 8-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project Ebasco Services, Inc. June 1987; page 4-51 
United States State Department (Trade &. Development) 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 

Circle West Project Meridian Minerals Company September 1986; page 4-58 

Clark Synthesis Gas Project Clark Oil and Refining Corporation December 1982; page 4-85 

Clean Coke Project United States Department of Energy December 1978; page 8-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 8-26 

Coalex Process Development Cordes Energy December 1978; page 8-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company
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Project	 Sponsors;	 Last Appearance in SFR 

Cresap Liquid Fuels Plant 

Crow Indian Coal Gasification 
Project 

Crow Indian Coal-to-Gasoline 
Project 

DcSota County, Mississippi 
Coal Project 

Dow Coal Liquefaction Process 
Development 

Dow Gasification Process Development 

EDS Process 

Elmwood Coal-Water-Fuel Project 

Emery Coal Conversion Project 

Enrecon Coal Gasifier 

Exxon Catalytic Gasification 
Process Development 

Fairmont Lamp Division Project 

Fast fluid Bed Gasification 

Fiat/Ansaldo Project 

Mash Pyrolysis Coal 
Conversion 

Florida Power Combined Cycle 
Project

Natural On Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy 

Fluor Engineers and Constructors 
United States Department of Energy 

Crow Indian Tribe 
United States Department of Energy 

Crow Indian Tribe 
TransWorld Resources 

Mississippi Power and Light 
Mississippi. State of 
Ralph M. Parsons Company 

Dow Chemical Company 

Dow Chemical Company 

Anaconda Minerals Company 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Foster Wheeler Tennessee 

Emery Synfuels Associates: 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon, Inc. 

Exxon Company USA 

Westinghouse Electric Corporation 

Hydrocarbon Research, Inc. 
United States Department of Energy 

Ansaldo 
Fiat flO 
KRW Energy Systems, Inc. 

Occidental Research Corporation 
United States Department of Energy 

Florida Power Corporation 
United States Department of Energy

December 1979; page 4-67 

December 1983; page 4-84 

September 1984; page C-S 

September 1981; page 4-58 

December 1984; page 4-70 

June;1987 page 4-53 

June 1985; page 4-63 

March 1987; page 4-66 

December 1983; page 4-84 

September 1985; page 4-66 

December 1984; page 4-73 

September 1982; page 4-76 

December 1982; page 4-90 

March 1985; page 4-66 

December 1982; page 4-91 

December 1983; page 4-87 

September 1980; page 4-68 

December 1983; page 4-87 

Fuel Gas Demonstration Plant	 Foster-Wheeler Energy Corporation 
Program	 United States Department of Energy 

Gas Turbine Systems Development	 Curtiss-Wright Corporation
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Proiect	 Sponsors	 Last Appearance in SFR 

United States Department of Energy
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Grelco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

I l-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Ilowmet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 

II-R International Syngas Project H-K International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page B-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGO Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
lion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities SeMce/Lummus September 1986; page 4-69 

Ill' Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 
J. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page B-18 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 4-85 
Project Administration 

Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project E. J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc.
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Pro ject Sponsors Last Appearance in SI'R 

Klockner Coal Gasifier Klockner Kohlegas March 1987; page 4-74 
CRA (Australia) 

Kohle Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department or Energy 

Lake DeSmet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transweslern Coal Gasification Company 

Latrobe Valley Coal Lique- Rlieinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 449 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 

Mazingarbe Coal Gasification Project Cerchar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979; page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc. 

Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International - 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1978; page 8-22 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82
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Project Stx,nsors Last Appearance in SFR 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-ciffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peal Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4.101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 
Project Minnesota Gas Company
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Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light 

Oberhausen Coat Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohlc Oct & Gas GmbH 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coat Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott 1-lydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Klockner Project Kiockner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy 

Plasma Arc Torch Swindell-Dresser Company December 1978; page B-33 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison March 1979; page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coats, 
Canada

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Council

December 1983; page 4-108 

December 1978; page B-34 

March 1985; page 4-90 
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Riser Cracking of Coal Institute of Gas Technology December 1981; page 4-93 
United Sates Department of Energy 

RUHR100 Project Ruhrgas AG September 1984: page C-29 
Jtuhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Rheinbraun Hydrogasification of Coal Reinische Braunkohlenwerke December 1987; page 4-80 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke-Otto Gasification Saazbcrgwerke AG June 1984; page 4-86 
Process Dr. C. Otto & Company 

Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel Kiockner Kohlegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Simplified IGCC Demonstration Project General Electric Company September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification/ Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page 8-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coat Demonstration International Coal Refining Company September 1996; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page B-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page B-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94
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Project Sponsors Last Appearance in SER 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky 11111 Project 

Underground Gasification of Deep Seams Groupe d'Eludes de la Gazeification Souterraine December 1987; page 4-86 
Charbonnages de France 
Gaz de France 
Institut Francais du Petrole 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92
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Prolect Sponsors last Appearance in SFR 

Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Commer- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page 13-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuels Inc. September 1984; page C-36 

Wyoming Coal Conversion Project WyCoalGas, Inc. (a Panhandle Eastern December 1982; page 4-112 
Company) 

Zinc 1-lalide 1-lydrocracking Conoco Coal Development Company June 1981; page 4-86 
Process Development Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

AECI Ltd. AECI Ammonia/Methanol Operations 4-55 
Coalplcx Project 4-58 

ACIA Nynas Energy Chemicals Complex 4-71 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-68 

A. Johnson & Company Nynas Energy Chemicals Complex 4-71 

Allis-Chalmers KILnGAS Project 4-66 

Amoco Production Company Underground Coal Gasification Rocky Mountain I Test 4-81 

Asia Oil Victoria Brown Coal Liquefaction Project 4-77 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-77 

Bechtel Inc. Cool Water Coal Gasification Project 4-59 

Belgium. Government of Underground Coal Gasification, Joint Belgo-German Project 4-78 

BP United Kingdom, Ltd. Monash Ilydroliquefaction Project 4-69 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-81 

British Coal British Coal Liquid Solvent Extraction Project 4-57 
British Coal Low-BTU Gasification Project 4-57 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-57 
British Coal Low-BTU Gasification Project 4-57 

British Gas Corporation Slagging Gasifier Project 4-74 

Broken Hill Ply. Broken Hill Project 4-57 

Brookhaven National Laboratory flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4.62 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-77 

Carbocol Colombia Gasification Project 4-59 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-64 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4-58 

Central Illinois Light Co., Inc. KILnGAS Project 4-66 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-60 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-68
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Com pany or Organization Project Name Page 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-69 
Corporation 

Coal Gasification COGA-1 Project 4-59 

Companhia Auxiliarde Empresas Underground Coal Gasification, Brazil 4-78 
Electricas Brasileiras 

Continental Energy Associates Can-Do Project 4-58 

Deutsche Babcock AG Huenxe COT Coal Gasification Pilot Plant 4-64 

DEVCO Scotia Coal Synfuels Project 4-73 

Dow Chemical Dow Syngas Project 4-61 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-55 
Cool Water Coal Gasification Project 4-59 
KILIIOAS Project 4-66 
Laporte Liquid Phase Methanol Synthesis 4-68 
Underground Coal Gasification Rocky Mountain I Test 4-8I 

Elgin Butler Brick Company National Synfuels Project 4-70 

Empire State Electric Energy Cool Water Coal Gasification Project 4-59 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-71 

Energy Brothers Inc. K-Fuel Commercial Facility 4-66 

Energy International Underground Coal Gasification, Ammonia\Urca Project 4-81 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4-70 

European Economic Community Underground Coat Gasification, Joint Belgo-German Project 4-78 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4-68 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4-70 

Gas Research Institute Underground Coal Gasification Rocky Mountain I Test 4-81 

GelsenbergAG Iluenxe COT Coal GAsification Pilot Plant 4-64 

General Electric Company Cool Water Coal Gasification Project 4-59 

Geosyslems Corporation Underground Gasification of Anthracite, Spruce Creek 4-81 

Gcscllschaft fur Kohle-Technologie PRENFLO Gasification Pilot Plant 4-71 

GFK Gescllschaft fur Kohleverflussigung GFK Direct Liquefaction Project 4-63 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-73 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4-81
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Gulf Canada Products Company Scotia Coal Synfuels Project 4-73 

llocchst-Uhde Corporation Ohio-I Coal Conversion Project 4-71 

II RI Inc. Ohio Ontario Co-Processing Project 4-71 

Idemitsu Kosan Victoria Brown Coat liquefaction Project 4-77 

Illinois Power & Light Company KILnGAS Project 4-66 

Illinois, State of KILnGAS Project 4-66 

Iowa Power & Light Company IULnGAS Project 4-66 

Japan, Government of Victoria Brown Coal liquefaction Project 4-77 

Japan coot Water Program Cool Water Gasification Project 4-59 
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-56 
Fulaiji Low BTU Gasifier 4-62 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-67 
System for Electric Power Generation 

KID Industries Lulea Molten Iron Pilot Plant 4-69 

KILnGAS R&D, Inc. KILnGAS Project 4-66 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-77 

Kopex Libiaz Coal-to-Methanol Project 4-68 

Krupp Koppers GmbH Libiaz Coal-to-Methanol Project 4-68 
PRENFLO Gasification Pilot Plant 4-71 

KRW Energy Systems Inc. Appalachian Project 4-56 
Fulaiji Low BTU Gasifier 4-62 
KRW Energy Systems Inc. Advanced Coal Gasification 4-67 

System for Electric Power Generation 

Lawrence Livermore Laboratory Underground Coal Gasification - LLNL Studies 4-79 

Manfred Nemitz Industrieverwaltung Huenxe COT Gasification Pilot Plant 4-64 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-56 

Ministry of Machine Building Industry Fulaiji Low BTU Gasifier 4-62 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-77 

Monash University Monash Hydroliquefaction Project 4-69 

Monongahela Power Company KILnGAS Project 4-66 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4-70 

National Synfuels Inc. National Synfuels Project 4-70 

New Energy Development Organization CRIEPI Entrained flow Gasifier 4-60 
Hydrogen From Coat Pilot Plant 4-65 
Japanese Bituminous Coat Liquefaction Project 4-65 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-77 

Nissho Iwai Victoria Brown Coal Liquefaction Project 4-77
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Nitrogenous Fertilizers Industry SA 

Nokota Company 

North-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Ohio Coal Development Office 

Ohio Edison Company 

Ohio Ontario Clean Fuels Inc. 

Oil & Natural Gas Commission 

Pennsylvania Electric Company 

Petro-Canada 

Polish Government 

Potomac Edison Company 

Research Ass'n For Hydrogen From Coat Process 
Development 

Rheinische Braunkohlwerke 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Ruhrchemie AG 

Saabergwerke AG 

Saw] Limited 

Scrubgiass Associates 

SGI International 

Shanghai Coking & Chemical Corporation 

Shell Oil Company 

Sohio Alternate Energy Development 
Company 

South Australia, Government of 

Southern California Edison 

Spruce Creek Energy Company 

Stearns Catalytic Inc. 

Stone & Webster Engineering Corporation 

Sumitomo Metal Industries, Inc.

Greek Lignite Gasification Complex 

Dunn Nokota Methanol Project 

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAR) 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

Ohio Ontario Co-Processing Project 

KILnGAS Project 

Ohio Ontario Co-Processing Project 

Underground Coal Gasification, India 

Appalachian Project 

Scotia Coat Synfuels Project 

Libiaz Coal-to-Methanol Project 

ICILaGAS Project 

Hydrogen From Coal Pilot Plant 

Rheinbraun High Temperature Winkler Project 

Shell Coat Gasification Project 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthesegasantage Ruhr (SAR) 

Synthesegasantage Ruhr (SAR) 

GFK Direct Liquefaction Project 

Sasot Two and Sasol Three 

Scrubgrass Project 

LFC Coat Liquefaction/Cogeneration Plant 

Wujing Trigeneration Project 

Shell Coat Gasification Project 

Cool Water Coal Gasification Project 

South Australian Coal Gasification Project 
Underground Coal Gasification, Leigh Creek 

Cool Water Coat Gasification Project 

Underground Gasification of Anthracite, Spruce Creek 

Underground Gasification, Steeply Dipping Bed 

Ohio Ontario Co-Processing Project 

Lulea Molten Iron Pilot Plant

4-64 

4-61 

4-56 
4-75 

4-73 

4-73 

4-71 

4-66 

4-71 

4-78 

4-56 

4-73 

4-68 

4-66 

4-65 

4-72 

4-73 

4-56 
4-57 
4-75 

4-75 

4-63 

4-72 

4-73 

4-68 

4-77 

4-73 

4-59 

4-74 
4-80 

4-59 

4-81 

4-81 

4-71 

4-69 
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Swedish Investment Bank Nynas Energy Chemicals Company 4-71 

Tennessee Eastman Company Chemicals From Coal 4-58 

Texaco Inc. Cool Water Coal Gasification Project 4-59 
Texaco Coal Gasification Process 4-75 

Tosco Corporation TOSCOAL Process Development 4-75 

TVA TVA Ammonia-From-Coal Project 4-76 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-76 

Uhde GmbI-1 Rheinbraun High Temperature Winkler Project 4-72 

Union Electric Company KILnGAS 4-66 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain I Test 4-81 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-66 

University of Minnesota University of Minnesota Low-BTU GAsifler for Commercial Use 4-76 

United Coal Company Mild Gasification Process Demonstration Unit 4-69 

United States Department of Energy Advanced Coal liquefaction Pilot Plant 4-55 
Appalachian Project 4-56 
Flash Pyrolysis of Coal with Reactive and Non-Reactive GAses 4-62 
Great Plains Gasification Project 4-63 
KILnGAS Project 4-66 
KRW Advanced Coal Gasification System for 4-67 

Electric Power Generation 
Laporte liquid Phase Methanol Synthesis 4-68 
Mild Gasification Process Demonstration Unit 4-69 
Mountain Fuel Coal Gasification Process 4-70 
Ohio Ontario Co-Processing Project 4-71 
University of Minnesota Low-BTU Gasifier for 4-76 

Commercial Use 
Underground Coal Gasification Rocky Mountain I Test 4-81 
Underground Coal Gasification, Ammonia/Urea Project 4-81 
Underground Coal Gasification, Brazil Project 4-78 

Veba Gel GmbI-1 Bottrop Direct Coal liquefaction Pilot Plant Project 4-56 

Victoria, State Government of Victoria Brown Coal liquefaction Project 4-77 

Went-worth Brothers Inc. Ohio-I Coal Conversion Project 4-71 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 4-78 

West German Federal Ministry of Bottrop Direct Coal liquefaction Pilot Plant Project 4-56 
Research & TEchnology GFK Direct liquefaction Project 4-63 

PRENFLO Gasification Pilot Plant 4-71 
Rheinbraun High TEmperature Winkler Project 4-72 

West Penn Power Company KILnOAS Project 4-66 

Westinghouse Electric Appalachian Project 4-56 
KRW Advanced Coal Gasification System for Electric 4-67 

Power Generation
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