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the More Significant Articles in this Issue 

Appointments to United States Alternative Fuels Council Announced 

The recent appointment of sixteen members to the Alternative Fuels Council 
includes representatives from both private and public sectors. As explained on 
page 1-2, the Council is an advisory body to the Interagency Commission on 
Alternative Motor Fuels. 

1991 Budget Request for DOE is 

The	 1991 budget	 request prepared by Energy Secretary J. Watkins strongly de- 
emphasizes synthetid

	
fuels	 In	 the nation's	 energy	 program. His	 proposed 

budget,	 outlined on page	 1-2,	 calls for increases in environmental spending and 
renewable energy and strengthening national defense. 

Sees No Justification for Enhanced Production of 

The International Energy Agency sees no Immediate justification for enhanced 
synthetic fuels production because of the uncertainty of alternative fuels sub-
stitution occurring.	 If, for example, there are continuing low cost oil dis-
coveries, there would be no "window" for alternative fuels. 	 Rather, the
problems of hydrogen or electric vehicles may be overcome before oil produc-
tion drops off, resulting in a transition directly to these technologies. 	 For
lEA's assessments and conclusions please see page 1-6. 

EtA Outlines Long-Term Energy Outlook 

The Energy Information	 Administration's Annual Energy	 Outlook	 1990	 is	 a 
year projection of United States energy trends. According to	 the	 report, 
imports	 will increase	 by	 at	 least	 60 percent by	 2010	 and	 oil	 prices 
steadily	 rise beginning	 in	 the	 early	 1990s.	 A complete synopsis	 of the 
forecast can be found beginning on page 1-7. 

GRI Predicts Imported LNG to Satisfy Future Gas Supply Shortfall 

The Gas Research Institute's annual Policy Implications of the GRI 
Projection of U.S. Energy Supply and Demand to 2010 says that gas 
have a strong role even if prices remain low. Some of the demand, 
will be filled by LNG imports, especially in a low price scenario. 
report is summarized beginning on page 1-13. 

National Energy Plan Urgently Needed Says 

Testifying	 at	 the	 Department	 of	 Energy's National Energy	 Strategy	 Hearing, 
R.	 Lawson	 of	 the	 National	 Coal	 Association	 called for	 a	 multi-faceted plan 
that	 would help	 the United States	 achieve energy	 independence.	 In his tes-
timony, outlined on page 1-16, Lawson made several recommendations for a na-
tional energy strategy that would utilize all domestic resources and provide for 
their conservation.



Merrow Analyzes Uncertainties of Synthetic Fuels Type Projects 

E. Merrow, formerly of the RAND Corporation, has developed predictive 
relationships between the amount of additional contingency needed to prevent a 
cost overrun and the development status of the project. As explained on 
page 1-19 almost any definable outcome can be modeled In this manner. 

Nn)O Program Maintains Momentum 

Japan's New Energy and Industrial Technology Development Organization (NEDO) 
was established to develop oil-alternative energy sources to the stage where 
they can be commercially applicable. NEDO is the central organization respon-
sible for such research and development activities In Japan. Summarized on 
page 1-22 are NEDO's major synthetic fuels projects. 

SPP/CPM Outline Stuart Development Plans 

Southern Pacific Petroleum and Central Pacific Minerals of Australia have com-
pleted a preliminary engineering design using Canadian retorting technology to 
recover shale oil in a semi-commercial plant to be built near Gladstone, 
Queensland. The Stuart development plan (summarized on page 2-1) involves 
two further stages after successful operation of the demonstration plant. 
Stage 2 is a full size commercial module of 25,000 tonnes per stream day and 
Stage 3 is a replication of Stage 2 in five modules totaling 125,000 tonnes per 
stream day. 

Unocal Achieves New Production Record In November 

In November 1989,	 Unocal's Parachute Creek shale oil plant shipped 
227,000 barrels of syncrude. 	 The plant's production history since it began 
shipping in 1987 Is shown on page 2-4. 

Occidental Staffs up for MIS Demonstration Project 

The United States Department of Energy will provide $750,000 and the State of 
Colorado	 will 	 provide up to	 $400,000	 in 1990 to begin preliminary engineering 
studies	 on a	 modified	 In	 situ	 (MIS)	 retorting demonstration.	 Occidental	 has 
agreed to match both state and federal funding bringing the 1990 budget to as 
much	 as $2.25	 million.	 The	 10-year, $200 million	 project	 is	 outlined	 on 
page 2-4.

Western Slope Refining Suspends Operations 

Citing financial losses, Western Slope Refining of Fruits, Colorado is drastically 
trimming its operations (see page 2-5). The company had been expected to 
process shale oil from Unocal's Parachute oil shale project. 
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Rundle Project Studies Continuing at Low-Level 

Despite Esso's outlook for continuing low crude prices, work is continuing on 
several fronts to advance the project. Recent efforts (described on page 2-5) 
include a mining practices update, continuation of the solid-waste disposal 
leachate program, collaboration on research with several universities and or-
ganizations, and engineering studies using experience from the Exxon shale 
retort pilot plant in Baytown, Texas. 

Water-Jet Assisted Mining Demonstration Moved to Unocal Mine 

The original schedule for field testing of a water-jet-assisted roadheader for 
oil shale mining developed by Alpine Equipment Corporation called for testing 
at Exxon's Colony pilot mine in 1989. Exxon's decision to close down opera-
tions forced Alpine to switch the demonstration to Unocal's Long Ridge oil 
shale mine. Page 2-7 outlines the water-jet-assist technology. 

FBD Finds Power Generation Not Economical for 2,000 BPD Plant 

Ford, Bacon & Davis has completed a process engineering study for the Depart-
ment of Energy on a 2,000 barrel per day shale oil production facility. Con-
clusions of the study (described on page 2-10) found the payback period of the 
alternate case which used the shale fines for combustion to generate power to 
be too long (over 20 years) to justify the added investment costs of the power 
generation equipment. 

Economic Benefit seen for Integration of LLNL Retort with MIS Project 

An analysis done by Bechtel (described on page 2-14) found that the economics 
of Occidental's modified in situ (MIS) project could be improved by integrating 
a Hot Solids Recycle retort developed by Lawrence Livermore National 
Laboratory. Bechtel concluded that an oil selling price of $29 per barrel 
would generate a reasonable return on investment (20 percent DCF/ROI). 

Microwave Retorting of Australian Shales May Show Promise 

Research funded by Muswellbrook Energy and Minerals Limited and conducted at 
the University of Wollongong, New South Wales, Australia has shown microwave 
retorted shale oil to contain a higher proportion of lighter hydrocarbons and 
unsaturated hydrocarbons than conventionally retorted oil. The experiments are 
described beginning on page 2-17. 

USBM Summarizes Fire and Explosion Hazards of Oil Shale 

A recent Bureau	 of Mines report (summarized beginning	 on page	 2-18) found 
that	 even	 relatively coarse dust particles	 of oil shale	 with	 Fischer assays	 of 
20	 gallons per ton or	 more can propagate an explosion.	 However,	 the	 con-
centrations	 necessary would not be	 present	 In an	 oil shale	 mine if the dust 
was	 dispersed.	 The report also found water combined with	 a	 low-expansion 
foam to be the best method of suppression of oil shale	 rubble fires.
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Column Flotation Proves Effective for Alabama OR Shale 

The Mineral Resources Institute of the University of Alabama tested Devonian 
Shales from six eastern states in column flotation and conventional flotation 
runs. As described on page 2-22, a single stage column flotation was found 
to be at least as effective as four or more stages of conventional flotation in 
all but one case. Researchers believe that this advantage could be even fur-
ther enhanced. 

Paving Quality Bitumen Produced from Rundle Shale Oil 

Research at the Department of Fuel Technology of the University of New South 
Wales, Australia produced bitumens from Rundle shale oil that are of only 
slightly less quality than petroleum derived bitumen. The research (summarized 
on page 2-24) also shows that the shale oil bitumens could be modified by 
processing steps such as vacuum distillation and dewaxing to have similar 
rheological properties and thus satisfy the main criteria for petroleum bitumens. 

Exxon Patents Arsenic/Selenium Removal Method for Shale Oil 

The patent concerns a method for separating certain catalyst poisoning im-
purities and/or environmental pollutants from carbonaceous fluids such as shale 
oil. The invention described on page 2-26, incorporates a metal complex, 
which Is soluble in the oil. 

Union Oil Patents Shale Oil Dewning Process 

The Invention presents a catalyst and a process to dewax a waxy hydrocarbon 
feedstock containing both straight and branched chain paraffins. The inventors 
say the process can dewax shale oil such that various fractions of the lube oil 
base stock meet minimum pour point requirements without incurring excessive 
losses. The process Is described In detail on page 2-27. 

Retorting Assay Methods Compared for World Oil Shales 

It Is known that hydroretorting of Eastern United States Devonian oil shale can 
yield up to 200 percent of Fischer assay yields.	 To better understand how 
different oil shales respond to hydroretorting, the USGS collected over 
100 samples from 17 countries and conducted hydroretorting analyses, Fischer 
assay, and Rock-Eval analyses on these samples (page 2-29). 

OSLO Environmental Review Agreement Readied 

As explained on page 3-1, the governments of Alberta and Canada have agreed 
in principle to conduct a cooperative environmental review for the $4.1 billion 
proposed OSLO project. 

AOSTRA Plans to Extend UTF Program 

The Underground Test Facility near Fort McMurray, Alberta has been a success 
according to AOSTRA. (The UTF program is summarized on page 3-1. Based 
on the technical results achieved in Phase A, AOSTRA has presented industry 
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participants with proposals for funding the Phase B program which would entail 
testing the steam-assisted gravity drainage process in three pairs of 
commercial-length wells. 

Change In Alberta Lease Procedures Could Force Oil Sands Development 

The Government of Alberta is considering revamping its heavy oil and oil sands 
leasing procedures (see page 3-7) to force companies to either begin develop-
ment soon or else abandon their leases. The government believes such an ac-
tivity requirement is necessary because of the continuing postponement of 
projects by various companies. 

DOE Signals Shift in Oil and Gas Research Program 

As described on page 3-7 the Department of Energy is shifting its research 
emphasis to methods of keeping marginal wells open. This is in response to 
studies that suggest almost 60 percent of the known crude oil remaining in the 
Lower-48 states could be left in abandoned oil fields by the turn of the cen-
tury, even if oil prices return to $30 per barrel. 

Horizontal Drilling Forces Changes in Regulatory Procedures 

Performance of horizontal wells can be two to ten times that of vertical well 
productivity with costs of only 1.5 to two times traditional drilling costs. 
This has led to questions in the minds of offset operators as to how horizontal 
wells fit into the scheme of well spacing already in place. Proposed and ex-
isting regulatory changes are discussed on page 3-8. 

CHOA Sees Nineties as Difficult Challenge for Heavy Oil Development 

P.S. Carr, President of the Canadian Heavy Oil Association believes heavy oil 
development must be pushed, even during this period of weak prices. The cost 
and time needed to "dust off" heavy oil projects that have been shelved during 
this slow period would be prohibitive in the future, according to Carr. 
Page 3-11 summarizes Mr. Carr's viewpoints. 

Bright Economic Outlook Seen for Heavy Oil in the 19903. 

N.E. MacMurchy of the Alberta Department of Energy believes heavy oil has 
weathered the storm of low prices. He states that most synthetic crude 
plants still had a slight profit margin during the low prices of 1988 as a 
result of significant reductions in operating costs. Because these cost reduc-
tions will still be in place when prices rise, the plants should be in good 
shape when this occurs.	 A summary of Mr. MacMurchy's comments can be 
found on page 3-13.
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Inclined Plate Process for Froth Cleaning Patented 

The invention "Purification Process for Bitumen Froth," uses mixers and inclined 
plate settlers for separating water and solids from the bitumen obtained in the 
hot water extraction process. As described on page 3-16 the addition of a 
light hydrocarbon diluent to the first stage overflow makes this mixture 
amenable to good separation in the second stage of plate settlers. 

In Situ Hydrogenation Proposed for Heavy Crudes 

The Energon Company says the underground injection of hydrogen or hydrogen-
carbon dioxide mixtures could provide a new method for the recovery of heavy 
oils. The process Is discussed on page 3-18. 

Beneficiation of Alabama Tar Sands Tested 

The Mineral Resources Institute (University of Alabama) tested physical means 
of separating bitumen from associated mineral matter. Their conclusions 
(discussed on page 3-20) are that a combination of grinding and attrition 
scrubbing appears to be the most favorable approach. 

Air Injection Increases Bitumen Recovery In Hot Water Flood 

The Alberta Research Council says air injection can significantly increase 
bitumen recovery.	 Their studies, summarized on page 3-22, show that 
oxidation-induced changes in the high-fluid-flow 	 or bypass regions decrease 
the flow in these regions, leading to a more uniform flood pattern. 

OH from Wolf Lake Fireflood Shows Improved Quality 

Heavy oil produced prior to the experiment was compared to oil obtained from 
an In situ combustion trial at BP Canada's Wolf Lake project. The experiment 
and the oil analysis results are discussed on page 3-25.

Heavy Oil Potential of Southwest Missouri Delineated 

The State of Missouri contains a number of shallow, but little known, heavy oil 
deposits which have a history of development dating back to the 1920s. 
B. Netzler recently summarized these development attempts at the 1989 Eastern 
Oil Shale Symposium (page 3-33). 

Great Pbaiin Finishes First Year Under Private Ownership 

In the past year since ownership of the Great Plains plant was transferred to 
the Dakota Gasification Company, the plant has operated about seven percent 
above the 138 million cubic cubic feet per day production rate used as the 
economic basis for the bidding. Dakota also said production costs have been 
about 12 percent below projections (see page 4-2). 
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Full Scale IGCC Plant Based on Texaco Cashier Planned in Massachusetts 

Texaco Syngas Inc., Commonwealth Energy and General Electric Company are 
planning a joint development of an electrical generating facility in Freetown, 
Massachusetts. The project described on page 4-4 would be a 440 megawatt 
power plant using an integrated gasification combined cycle design. 

EPRI to Study Opportunities for Coal Gasification Coproduction 

The Electric Power Research Institute has issued a Request for Proposals (RFP) 
to study the future market potential for coal gasification-based power 
coproduction refineries. EPRI has already conducted many engineering economic 
studies on gasification-combined-cycle plants and intends to use these as a 
basis for the requested market study described on page 4-5. 

Thirteen Winners Announced in Clean Coal Round 3 

The 13 "Clean Coal Technology" projects recently selected by the Department 
of Energy are valued at more than $1.3 billion. The government will provide 
$530 million while the proposers will provide $777 million. Brief summaries of 
all 13 projects can be found on page 4-6. 

DOE Solicits New Directions in Liquefaction R&D 

According to DOE, there have been major Improvements in liquefaction technol-
ogy (summarized on page 4-8) since the 1970s, but the best two-stage technol-
ogy still needs a crude oil price of $33 per barrel to be competitive. The 
Department has identified several potential new process improvements that 
could bring the cost of coal liquids down even further. 

U.S. Coal Production and Consumption will Hit 1 billion Tons in 1990 Says NCA 

Coal continues to break record production levels with 1990's forecast to be 
22 million tons more than 1989s record production. Coal consumption increases 
will likely come from electric power plants and consumer stock build-ups. Ex-
ports will remain roughly the same (see page 4-10). 

AGA Forecasts Adequate Gas Supplies Without Coal Gasification 

The American Gas Association has released its Gas Energy Supply Outlook 
1989-2010. According to the report, sufficient gas energy supplies are likely 
to be available to supply 20-25 percent of the nation's total energy even if 
low prices continue to discourage new exploration. Complete conclusions of 
the report may be found beginning on page 4-11. 

Estimated Coat of Producing Jet Fuel at Great PInii Increases 

Currently, all byproduct streams at the gasification plant are being burned in 
the plant's boilers for steam production. The plant's economics could be im-
proved if salable products could be derived from the byproduct streams. One 
possible product that has been identified by an early study Is JP-8 jet fuel. 

A-7



An update on the profitability (summarized on page 4-16) of producing JP-8 
along with other salable chemicals, however, found the case to be only mar-
ginally profitable using current market prices and capital costs. 

New UOP Catalyst 10 Times as Active, Lowers Syncrude Production Costs 

UOP has been developing a slurry catalyzed process for coprocessing coal and 
petroleum residuum (described on page 4-19). According to UOP, the use of a 
finely divided catalyst provides for continuous Intimate contact with the reac-
tion components thereby reducing the tendency of reactive thermal fragments 
of the coal and resid to form coke. 

Coal Liquids Tested as Jet Fuel for Supersonic Aircraft 

The new generation of high-Mach aircraft will require fuel able to withstand 
tremendous thermal variations. 	 Aircraft like the High Speed Commercial 
Transport will employ the fuel as a heat sink to cool the plane. Southwest 
Research Institute has been evaluating the suitability of coal-derived turbine 
fuel for use in these high speed aircraft designs. Results to date are outlined 
beginning on page 4-22. 

Filtration Said Key to British Coal LSE Process 

According to British Coal, their Liquid Solvent Extraction (LSE) process uses a 
unique filtration system (summarized on page 4-25). Filtration has advantages 
over distillation or assisted settling because subsequent solid/liquid separation 
stages are reduced (filtration reject streams contain 90-95 percent solids com-
pared to only 50 percent with other distillation or settling methods). 

Transport Mode Hybrid 10CC System Described 

M.W. Kellogg Company has been investigating hybrid combined power cycles. 
Progress to date has been summarized by the company (see page 4-26). A 
hybrid combined cycle involves partial gasification of coal to produce a fuel 
gas, coupled with combustion of char in a separate combustor. 

Plans Laid for Entrained Flow 10CC Demonstration in East Germany 

Deutsche Babcock is working with an East German company on an advanced 
coal gasification system with combined entrained flow gasification in the top 
of the system and fluidized bed gasification in the lower part of the reactor. 
A pilot plant test and a demonstration plant have been operated successfully. 
Future plans for the technology are discussed on page 4-31. 

Proposal Presented for Future European UCG Development 

In 1988 six countries formed the European Working Group on Underground Coal 
Gasification to develop a program to implement UCG in Europe on a commercial 
scale over a 17-year period. The objectives of the program were recently 
outlined at the International Underground Coal Gasification Symposium. 
Page 4-33 gives a synopsis of the Group's plan. 
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CORPORATIONS 

WORLDWIDE sypnugnc FlJfl.S PROJECTS LISTED	 construction stages around the 
synthetic fuels projects, mostly 

Hydrocarbon	 Processing	 magazine	 maintains	 a	 listed in the latest summary. 
"construction boxscore" feature which lists hydrocar- 	 Table 1. 
bon processing plants in planning, engineering and

world. A number of 
coal gasification, are 
These are shown in 

TABLE 1

ICRUW(IDE SYNTHETIC FUELS PROJECTS IN PROGRESS 

State/Country Company Project Capacity Status 

Ohio Ohio Ontario Clean Fuels Coal Liquefaction 11,800 51W P93 
Pennsylvania Antoal Coal Gasification 485 TPD P91 
Tennessee Tennessee Eastman Coal Gasification Expansion U91 
Canada Husky Oil Heavy Oil Upgrader 46,000 BPD 092 
Canada OSLO Project Tar Sands 77,000 BPD E96 
Canada Esso Resources Canada Tar Sands 27,000 BPD 089 
Canada Suncor Tar Sands 18,000 BPD U91 
Brazil Petr.	 Brasileiro SA Shale Oil 2,900 BPD 090 
England British Gas Coal Gasification 400 TPD E89 
Netherlands Da,Eolec By Coal Gasification E93 
Finland Kenira Oy Amn,nia from Peat 250 TPO 089 
Sweden Nynas Energy Coal Gasification 164 RTCFD E93 
Wales British Coal Coal Liquefaction 2.5 11W 089 
Zambia Nitrogen ChuMs Coal Gasification 16 WJJFD 090 
China China Nat'! Tech import Coal Gasification 7 M%tFO Use 
China First Heavy Machinery Works Coal Gasification E 
China Qinhuangdao Coal Co. Coal Gasification 106 t4tFD 090 
China Shoudou Iron & Steel Coal Gasification 1,000 TPD E91 
China Xlan Gas Co. Coal Gasification 200 TPD U89 
China Yantal Foreign Economic Coal Gasification 3 l?.CFD U90 
China Zenzhoung Glass Factory Coal Gasification 103 WVCFD U89 
India Dankuni Coal Complex Coal Gasification 260 TPD U89 
India Dankunl Coal Caiplex Coal Gasification 1,500 TPD U89 

P	 Planning 
E = Engineering 
U = Under Construction 
Year = Estimated Completion of Construction
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GOVERNMENT 

ENERGY DEPARTMENT IMPLEMENTS TASK FORCE 
REPORT ON SCIENCE AND ENGINEERING 

United States Secretary of Energy J.D. Watkins has 
pledged the depattrnent's cooperation in supporting 
the recommendations of the report, "Changing 
America: The New Face of Science and Engineering." 
The report was authored by the Task Force on 
Women, Minorities and the Handicapped in Science 
and Technology,	 with members from 15 federal 
agencies and leaders in the private sector and 
education. It recommends action items for the 
President and groups Including governors, industry, 
the federal government, universities and educators, 

"This report is action-oriented and brings welcome 
guidance to the nation," said Admiral Watkins. "Its 
major recommendations are consistent with the 
Department of Energy's commitment of resources in 
our national laboratories to increase the number of 
scientists and engineers from segments of the 
population traditionally underrepresented in these 
fields," 

The report describes a projected shortfall in the 
United States of 560,000 scientists and engineers by 
the year 2010, but concludes that the shortfall can 
be overcome if underrepresented groups are en-
couraged, educated, employed and advanced. 

The report's specific actions for the federal govern-
ment include: planning to bring about a more 
diverse workforce through its $60 billion research 
and development programs; collecting data on par-
ticipation of underrepresented groups in research and 
development; establishing public awareness programs 
to present science and engineering as rewarding 
careers; and establishing a national research scholars 
program for high school students to have early 
research experience and go on to earn college de -
grees in science and engineering. 

APPOINTMENTS TO UNITE) STATES ALTERNATIVE FUELS 
COUNCIL ANNOUNCED 

Deputy Secretary of Energy W.H. Moore announced in 
January the appointment of sixteen members to the 
United States Alternative Fuels Council. The Council 
Is an advisory body to the Interagency Commission 
on Alternative Motor Fuels which is chaired by 
Deputy Secretary Moore. Both the Commission and 
the Council are required by the Alternative Motor 
Fuels Act of 1988 to establish a national alternative 
fuels policy before September 30, 1992. 

The Council Is a high-level body to help establish a 
national alternative fuels policy.

The Council and the interagency Commission will 
coordinate activities required to be taken under the 
Alternative Motor Fuels Act, such as data collection 
and analyses, federal fleet demonstrations and engine 
research. The Council and the Interagency Commis-
sion will be studying the development and the com-
mercialization potential of a number of alternative 
fuels including methanol, ethanol, compressed natural 
gas, liquefied petroleum gas, electricity and reformu-
lated gasoline. 

According to the Alternative Motor Fuels Act, mem-
bers of the council must include a majority and 
minority member of the House and the Senate in 
addition to 16 persons from the private or public 
sector. The congressional leadership appointed four 
members to serve on the council: Senator Grassley 
(Republican-Iowa); Senator Rockefeller (Democrat-West 
Virginia); Representative Lewis (Republican-California); 
and Representative Alexander (Democrat-Arkansas). 

Moore selected 16 persons from both public and 
private interests based on "their knowledge and ex-
pertise" in alternative motor fuels. 

The 16 members appointed by Moore include: 
Charles lmbrecht (co-chairman), chairman, California 
Energy Commission: Dr. Robert Hahn (co-chairman), 
Associate Professor of Economies at Carnegie Mellon 
University; George Babikian, president Arco Marketing 
& Refining; Robert Campbell, executive vice presi-
dent, Sun Company; James Creal, president, American 
Automobile Association;	 Ben Henneke,	 president, 
Energy Fuels Development Corporation; David 
Hentschel, chairman, Occidental Oil & Gas Corpora-
tion; Howard Hinton, vice president, Midwest Grain 
Products; Elwin Larson, president and chief executive 
officer, Brooklyn Union Gas Company; David Morris, 
business director of methanol, Hoechst-Celanese; Den-
ver, Colorado Mayor Federico Pena; Roger Penske, 
chairman and chief executive officer, Detroit Diesel 
Corporation; Helen Petrauskas, vice president of en-
vironmental and safety engineering, Ford Motor Com-
pany; Henry Schacht, chairman and chief executive 
officer, Cummins Engine Company; Theodore Weigle, 
Jr., regional director, Regional Transportation 
Authority of Northeast Illinois; and Robert Yuhnke, 
senior counsel, Environmental Defense Fund. 

BUSH'S 1991 BUDGET REQUEST FOR DOE IS UNKIND 
10 SYNTHETIC FUELS 

The Bush Administration's budget request to Congress 
for fiscal year 1991 contains $17.5 billion for the 
Department of Energy (DOE), for a 6.4 percent in-
crease over the actual allocation for 1990. 
However, the new budget request, the first one 
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produced by Secretary of Energy J. Watkins, strongly 
de-emphasizes synthetic fuels as a component of the 
national energy program (see Table 1). The request 
for coal liquefaction Is $10.6 million, down from 
$34.5 million; for surface coal gasification It is 
$8.5 million, down from $23.4 million; for under-
ground coal gasification it is $0.5 million, down from 
$0.8 million; for oil shale It is $0.7 million, down 
from $9.0 million; for tar sands it is zero, down 
from $1.0 million; for fuel cells it Is $7.1 million, 
down from $38.0 million. 

The Department of Energy's Fiscal Year 1991 budget 
is presented in a new structure this year, one that 
ties It more directly to the National Energy Strategy 
being developed and also In the functional clas-
sification that Admiral Watkins has set up in his 
reorganization of DOE (see Table 2).

For "Respecting the Environment," DOE proposes an 
increase from $2.7 billion in fiscal year 1990 to 
$3.3 billion in fiscal year 1991. The increase is due 
primarily to the Environmental Restoration and Waste 
Management Five-Year Plan, the department's long-
term strategy to overcome decades of environmental 
neglect at DOE nuclear facilities. For "Fortifying 
Foundations," which deals with science and technol-
ogy ,	 the budget	 goes from $2.1 billion	 to
$2.3 billion, including $318 million for the Super 
Collider.	 "Strengthening National Defense," which 
includes the Strategic Petroleum Reserve, as well as 
defense activities, 	 goes from $8.5	 billion	 to 
$9.2 billion. This portion also includes funds for 
improving and upgrading facilities in the nuclear 
weapons complex and developing new production 
reactor capability. 

TABLE 

DOE Ft 1991 BUDGET FOR (LEAN (XML 
AND FOSSIL ENEFM 

(Budget Authority in Thousands of Dollars) 

Clean Cml Technology 

Clean Coal Technology 

FY 1990 FY 1991 
Estimate Request 

554,000 456,000 

Fossil Energy Iteseard, and DevetoplEnt 

Coal 

Control Technology a 
Coal Preparation 57,615 33,529 

Advanced Research & 
Technology Development 26,390 26,488 

Coal Liquefaction 34,526 10,623 
Combustion Systems 33,177 17,623 
Fuel Cells 37,999 7,082 
Heat Engines a Heat Control 20,942 6,043 
Underground Coal Gasification 815 465 
Magnetohydrodynamics 40,367 --
Surface Coal Gasification 23,428 8,485 

Subtotal, Coal 275,259 110,338 
Fossil Energy Environmental 

Restoration 1,029 712

Gas 

Unconventional Gas Recovery 	 14,429	 13,674

Petroleum 

Advanced Extraction a Process 
Technology	 3,553	 12,930 

Enhanced Oil Recovery 	 27,346	 27,105 
Oil Shale	 9,014	 662 

Subtotal, Petroleum	 39,913	 40,697 
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TABLE 2

DOE 1991 BU3ET BY MAJOR GOALS 

Budget Authority
(in Millions) 

FY 1990	 FY 1991 
Estimate	 Estimate 

Respecting the Environment $2,688.3 $3,269.0 
Increasing Energy Efficiency 213.5 203.2 
Securing Future Energy Supplies 2,383.5 2,103.9 
Fortifying Foundations 29062.4 2,343.5 
Strengthening National Defense 8,504.1 9,153.2 
Management and Other Activities 698.5 506.9 

Subtotal 16,550.3 17,579.7

Use of Prior Year Balances and 
Other Adjustments 	 -127.7	 -1.00.2 

Total, Department of Energy	 $16,422.6	 $17,479.5 

In a Posture Statement accompanying the budget 
proposals, Admiral Watkins presented his views on 
energy and the department since he became 
Secretary of Energy on March 1, 1989. He said 
that the department's facilities to produce nuclear 
material in support of the United States strategic 
deterrence mission "had been almost totally shut 
down due to environmental, safety and health 
problems" resulting from "40 years of emphasis on 
production, far too often at the expense of safety 
and	 the	 environment."	 He	 found	 "serious 
deficiencies" in management. In civilian energy 
areas, he found "that the department was not react-
ing quickly enough to new challenges," noting that 
"increased concern about clean air, acid rain and 
the possibility of global warming would, by them-
selves, require a reassessment of budget priorities." 

Watkins said, "No one could review this list of 
problems without concluding that there is an urgent 
need for change at the Department of Energy" and 
that he Is "seeking to bring this change about 
through a new operating philosophy and through 
development of a coherent National Energy Strategy." 
The operating philosophy has three main principles. 
One Is that "there must be compatibility between 
our mission to produce defense materials and protec-
tion of the environment." The second, "and perhaps 
most important, of these principles is dedication to 
excellence." And "third," he said, 'we must welcome 
constructive criticism. We are slowly but surely 
creating an atmosphere in which problems are iden-
tified and collegial secrecy Is replaced with open 
and strict adherence to the law and governing 
procedures ... we must be solicitous of and open to 
public views because no DOE policy will ever be 
successful unless it is supported by the public." 

In the civilian energy sector, Watkins has initiated 
development of a National Energy Strategy (NES) to 
"provide a road map for policy and funding initia-
tives in the Department of Energy.	 It will be

developed based on public input through hearings, 
written submissions, publicly available reports, and 
will be aimed at reconciling our need for energy 
with environment, safety and health requirements." 
The findings of the NES will be integrated into the 
department's budget beginning in fiscal year 1991 but 
more closely aligned in fiscal year 1992 and fully 
integrated in fiscal year 1993. An interim NES will 
be issued in April of this year, with a final version 
to the President in December 1990 and continual up-
dating of the strategy each year thereafter. 

Admiral Watkins said public Input so far "reveals 
broad consensus for increased emphasis on energy 
efficiency improvements and renewable energy. Ac-
cordingly, In fiscal year 1991, we are increasing our 
commitment to conservation and renewables research 
and development by 78 percent over our fiscal 
year 1990 request or about eight percent over the 
fiscal year 1990 dollars appropriated by the Con-
gress. This is a marked change In direction for DOE 
in this important area. Using energy more effi-
ciently, and developing cost-competitive renewable 
energy can contribute both to a better environment 
and reduced United States oil imports." Significant 
progress has already been made in energy efficiency, 
he said, and many of the easy, low-cost changes 
have been made. But progress must be sustained, 
including "development of more efficient energy using 
technologies as well as targeted federal efforts to 
bring these technologies into use by the private sec-
tor. We are determined, for example, to provide 
greater federal leadership for developing and deploy-
ing advanced lighting technology." 

In renewable energy, he said, "we need to re-
establish United States leadership in photovoltaics 
technology by developing cooperative efforts with 
the domestic industry. A major new biofuels initia-
tive will seek to make ethanol an economically com-
petitive fuel by using sources other than food crops 
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as feedstocks ... Finally, we are providing a major new 
facility for the Solar Energy Research Institute in 
order to better implement the many scientific 
projects that must be undertaken to achieve these 
goals." 

Energy efficiency and renewable energy may play a 
major part in meeting the challenge of potential 
global climate change. They can reduce or eliminate 
the emission of greenhouse gases, such as carbon 
dioxide, in many instances. The department is work-
ing on other ways to meet this challenge, too. In 
his Posture Statement, the Admiral pointed out that 
DOE is developing magnetic fusion and advanced fis-
sion reactor technologies that produce no carbon 
dioxide, and advanced coal technologies that reduce 
CO2 emissions.

These technologies also reduce the need for oil im-
ports. Watkins noted that the nation is becoming 
more dependent on Imported oil with domestic oil 
production declining at the rate of six percent a 
year. He said DOE has focused on developing 
enhanced oil recovery techniques to tap the large 
amount of oil left in the ground after conventional 
production methods. He said, "We strongly support 
the President's proposed oil and gas tax incentives, 
which include incentives to encourage exploratory 
and enhanced oil recovery.' Also, he said, "the 
Department is taking the lead in developing an al-
ternative fuels implementation plan while it continues 
to fund research Into alternative fuels, especially 
ethanol from biomass, and electric vehicles." 
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ENERGY POLICY AND FORECASTS 

IRA SEES NO JUS11FICATION FOR ENHANCED 
PRODUCflON OF ALTERNATIVE FUELS 

The International Energy Agency (lEA) has in the 
past carried out studies to assess the energy 
security, economic and environmental aspects of al-
ternative fuel options for liquid transport fuels in 
lEA member countries. lEA's current opinions were 
outlined in a paper presented at the World Energy 
Conference held in Montreal, Quebec, Canada last 
fall. 

Considering	 a time	 horizon of	 15-20 years,	 LEA 
selected	 for	 detailed	 analysis those	 fuels potentially 
able	 to	 make a	 significant contribution to	 energy 
security in that timeframe. This	 resulted in	 the In-
clusion	 of: 

- Fuels from heavy oils and tar sands (Vito) 

- Natural gas, either compressed (CNG) or Ii-
queried (LNG) 

- Methanol (in blends of 85 percent or more) 

- Ethanol (in blends of 85 percent ethanol or 
MOM) 

- Synthetic fuels from natural gas 

Liquefied petroleum gas (LPG), low-level alcohol 
blends, electric vehicles, hydrogen, synthetic fuels 
from coal or oil shale and vegetable oils are also 
briefly discussed but not considered in detail. Some 
of these are seen as being unlikely to make a sig-
nificant contribution in the chosen timeframe while 
others are already fully commercial technologies. 

Table 1 gives the lEA's assessment of relative 
production costs.

TABLE 1 

COMPARATIVE FUEL PWJVCflGI COSTS 
(1987 sUS Per Barrel Gasoline

Energy Equivalent) 

Fuel	 Overall

CMl 14-34 
VITO Products 21-34 
Methanol	 (from gas) 30-67 
Gasoline (from gas) 43-61 
Diesel	 (from gas) 69 
Methanol	 (from coal) 63-109 
Methanol	 (from biomass) 64-126 
Ethanol	 (from biomass) 66-101 
Conventional Gasoline 27

Thus only CNG and VIJO products, at the lower end 
of their cost ranges, are considered economically 
competitive with conventional products. Methanol 
from low cost gas is close to being competitive, 
with synthetic gasoline ranking next. 

Furthermore, says lEA; a conversion to alternative 
fuels requires significant investment on varying de-
grees of scale, and may entail problems associated 
with applying unfamiliar technologies on a large 
scale in an uncertain market environment. There-
fore, oil prices may have to rise significantly above 
the lower end of these values, and give the Impres-
sion that they will remain there, to justify such a 
major commitment of resources. 

Energy Seazrity Aspects 

Despite current oil market conditions, lEA says there 
Is once more increasing interest in diversification of 
transport fuels away from the sources used at 
present. This interest is driven by energy security 
considerations, particularly in the light of declining 
levels of oil self-sufficiency in a number of 
lEA member countries. Environmental factors provide 
an additional impetus in some countries for the use 
of alternative transport fuels. However, fuels differ 
in their energy security and environmental benefits. 
Thus, any government support needs to be clear in 
its alms. For example, VitO resources are located in 
less politically sensitive areas than much of the 
low-cost gas which might be used to make methanol. 
Further, the products of VITO5 are cheaper than 
methanol and do not require infrastructure changes. 
Conversely, methanol promises environmental benefits 
over VITO and conventional petroleum products. 

Natural gas is involved in most of the alternative 
fuels considered. Whether there is sufficient low-
cost gas to support conversion to transport fuels at 
a scale large enough to significantly enhance energy 
security Is not clear, lEA believes that the impor-
tance of this area justifies further study. 

Production Economics 

The production of alcohols from biomass is in many 
ways a land-use question, with many implications for 
agricultural and forestry policy. The lEA study does 
not address the costs and benefits of farm subsidies 
but lEA says any government considering support for 
large-scale production of alcohols from biomass 
should note that the real cost of the product is 
likely to be around $60 per barrel (gasoline 
equivalent). 

With the exception of the lower end of the CNG 
and VHO product ranges, the estimated ranges of 
overall costs for the alternative fuels are all above 
those of conventional fuels. LEA believes the 
greatest potential for cost reduction is probably 
through improved production processes on a larger 
scale.	 In lEA's opinion, potential cost reductions 
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would be greatest for synthetic fuels from gas, then 
alcohols from lignocellulose biornass, 	 followed by 
methanol from gas, then YHO products. CNG does 
not have a production process in the same sense, al-
though there may be some scope for limited cost 
reductions through better compressor design. 

End-Use Economics 

End-use cost reductions may not have as large an 
effect as process improvements on overall costs per 
barrel but capital costs are important to the vehicle 
purchaser. Thus reductions of perhaps a few 
hundred dollars In the cost of a CNG conversion or 
In the additional cost of a methanol flexible fuel 
vehicle are worthwhile targets, says lEA. It is also 
valuable to clarify the possibilities for tradeoffs be-
tween the additional cost of such vehicles and 
reductions in emission control equipment. In this 
context, lEA noted that emission regulations will be-
come increasingly stringent, thus effectively raising 
the cost of conventional fuels. 

Market Considerations 

Although there remain many areas where technologi-
cal development Is needed, lEA says that diversifica-
tion of transport fuels is to a large extent a 
market development question. It is essential that 
the Introduction of alternative fuels involve economic 
resources being allocated to those activities where 
they can contribute the most to national output. 
This will remain true notwithstanding any perceived 
urgency to redress declining self-sufficiency In crude 
oil. Thus, only individual countries can decide what 
level of oil imports and/or forecast oil prices may 
Justify government promotion of the Introduction of 
alternative fuels. 

Timing fa Alternative Fuels 

The timing of Introductions of the various alterna-
tives, according to lEA, might be as follows: 

- CNG Is already In use to a limited extent. 
For countries with low-cost local gas 
resources, this use could Increase substan-
tially In the early 1990s. However, there 
are undefined market barriers above penetra-
tion of a few percent. 

- VItO-based fuels are also in limited use; 
wider use may become cost-effective In the 
early 1990s.	 There could be problems with 
emissions,	 unless cost-effective particulate 
traps can be developed. 

- Methanol fuel, made from natural gas, may 
begin to enter the market on a significant 
scale in the late-1990s but has to overcome 
cost barriers. 

- Ethanol fuel seems unlikely to be able to 
compete economically with methanol from 
natural gas In lEA's timeframe, except In 
specific local circumstances, where it 
benefits from economic subsidies.

- Synthetic gasoline and diesel fuel are more 
costly than methanol but need less in-
frastructure.	 Market share could increase 
around the end of the century. 

Con clusions 

lEA concludes that any substitution by alternative 
fuels of a large percentage of present demand would 
have to be spread over two or more decades; and 
the investment required would have to be made al-
most entirely by industry. However, smaller per-
centage substitutions might still be sufficient to in-
fluence oil prices. If substitution by alternative 
fuels is slower than that indicated above, perhaps 
due to continuing discoveries of low cost oil, it is 
possible that there would be no "window of oppor-
tunity' for such fuels. Rather, the major problems 
yet to be overcome for hydrogen-powered or electric 
vehicles may have been solved, resulting in a transi-
tion directly to these from petroleum-based fuels. 

Thus, lEA sees no immediate Justification to recom-
mend a program of enhanced production of alterna-
tive fuels. Rather they recommend that a watching 
brief be maintained across the whole spectrum of 
the options considered. Thus, lEA says the existing 
collaboration between member countries should con-
tinue and be extended where appropriate. 

FAA OUTLINES LONG-TERM ENERGY OUTLOOK 

The United States Department of Energy's Energy In-
formation Administration released Its Annual Energy 
Outlook for 1990 in January of this year. The Out-
look has been extended to a 20-year projection of 
energy trends to the year 2010.	 Major conclusions 
of the report include: oil imports will increase by 
60 to 130 percent of present; oil prices will remain 
constant until the mid-1990s at which time OPEC 
nations are expected to have enough market share 
to begin forcing prices upward; natural gas demand 
is expected to expand by 20 to 30 percent and coal 
demand is expected to grow by 2.1 percent annually. 

The report has five scenarios, a central base case 
and four scenarios based on high and low oil prices 
and macroeconomic growth rates. A summary of the 
reports base case projections follows. 

Wald Oil Prices 

Relatively low oil prices may be anticipated for a 
few more years, as OPEC works to control the com-
bined output of member countries with dissimilar In-
terests (Figure 1). Growing non-OPEC oil production 
is also contributing to current Instability, although 
that growth is now slowing. By 2000, more fun-
damental forces of supply and demand should raise 
prices, as oil consumption rises toward world 
production capacity. Oil prices are forecast to rise 
from $18 per barrel in 1989 to between $26 and 
$47 per barrel by 2010 (1989 dollars). 
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During the early 1990s, oil production from various 
non-OPEC sources should continue to increase. 
However, by the late 1990s, as production from all 
non-OPEC sources declines, the market share of OPEC 
will steadily Increase (see Figure 2). In the base 
case forecast, OPEC's share of world oil production 
reaches almost 50 percent by 2000. 	 Demand for
OPEC oil approaches OPEC capacity in the late 
1990s, and oil prices rise (Figure 1). The rate of 
increase in real world oil prices should be somewhat 
slower after 2000 than before 2000, as capacity in-
creases (both Inside and outside OPEC) begin to 
match demand requirements. 

Domt1c Oil Productien 

The decline In domestic crude oil production Is ex-
pected to continue throughout the forecast horizon, 
although Its rate Is expected to slow considerably, 
compared to recent history (Figure 3). From 1985 
through 1988, production declined at 3.2 percent per 
year, as many marginal producing wells ceased to be 
profitable with the fall in oil prices In 1986. Even 
though domestic oil prices will rise over the next 
20 years in both the low and high price scenarios, 
the production decline continues--ranging between 
1.7 percent (high price scenario) and 3.1 percent 
(low price scenario) per year. From 7.7 million bar-
rels per day in 1989, production drops to between 
4.1 and 5.6 million barrels per day in 2010.

The most rapid change will be in Alaskan production, 
which currently accounts for nearly 25 percent of 
total domestic crude oil production. Alaskan North 
Slope oil flow has now passed its peak levels. The 
Prudhoe Bay field, the largest in the area, entered 
its decline phase in 1989. The remaining primary 
fields are expected to follow in the early 1990s. 
Recent United States Geological Survey (USGS) 
studies estimate that 34 percent of the United 
States undiscovered recoverable resource base lies in 
Alaska, but the prospect of significant new develop-
ment of Alaskan reservoirs through the forecast 
horizon Is unlikely In currently available acreage. 
Due to the current legislative restrictions on ex-
ploration and development, It is assumed that the 
Coastal Plain of the Arctic National Wildlife Refuge 
will not be developed before the end of the 
forecast horizon. 

Environmental concerns have always played a major 
role in decisions regarding exploration and drilling 
for crude oil in new frontiers. The oil spill in 
Alaska's Prince William Sound In early 1989 acted to 
Intensify environmental concerns. Congress Is now 
pursuing an increasingly conservative approach to 
tapping into oil resources In Alaska and the Outer 
Continental Shelf. In October, President Bush signed 
a bill banning oil and gas drilling on 84 million 
acres off the coasts of Alaska, California, the East 
Coast, and the Eastern Gulf of Mexico. In addition, 
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an existing one-year moratorium on leasing in these 
areas is expected to be extended. There is con-
sideration of further restrictions on offshore drilling 
and possible buybacks of existing leases, which have 
already delayed the start of some planned projects. 

•	 FIGURE 3 
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Refined Petroleum Products Demand 

Demand growth in the United States 	 Is	 dominated by 
transportation	 fuels, Including	 motor	 gasoline, jet 
fuel,	 and	 diesel and also	 by	 growth	 In	 industrial 
feedstocks	 with relatively	 little	 growth	 for the 
remaining third of the oil	 market.

Transportation requirements are expected to continue 
to dominate petroleum markets, accounting for an 
estimated 62 percent of total petroleum consumption 
in 1989 and from 63 to 65 percent by 2010. 

Population growth and economic expansion are the 
main forces behind the growth In gasoline consump-
tion,	 raising vehicle-miles traveled by about 
1.8 percent per year.	 Ongoing increases in fleet 
average fuel economy are expected, which will limit 
the growth of gasoline consumption. Gasoline 
demand Is projected to rise at an average rate of 
0.3 to 1.0 percent per year, substantially less than 
that of the past several years, but still leading to 
an increase in gasoline demand of 0.6 to 1.8 million 
barrels per day by 2010.

Accommodating the absolute magnitude of the in-
crease in gasoline demand, along with likely shifts 
to cleaner gasoline, will entail a major investment in 
downstream processing by refiners that will pose a 
major challenge to the industry over the next 
20 years. 

Due to Increasing environmental concerns in the 
United States over the past few years, refiners 
marketing gasoline here have had to respond to 
anti-pollution measures, including lead phase-down 
and vapor pressure reduction. 

As efforts to maintain high octane levels, reduce 
carbon monoxide and other emissions, and lower the 
aromatic content of gasoline intensify, the use of 
oxygenates In producing gasoline is expected to 
grow. 

Alternative automobile fuels, such as ethanol or mix-
tures of 85 percent methanol and 15 percent 
gasoline, will require engine redesign. In the period 
from 1989 to 2010, only very minor penetration of 
these fuels Is expected to occur. 

Jet fuel consumption rose rapidly over the last two 
decades due to the rapid expansion of air travel. 
Domestic growth after 1990 is estimated to be from 
1.1 to 1.8 percent per year--or, in the base case, 
only half that of the previous 20 years. Several 
factors account for the moderation in demand 
growth, but the principal changes are the moderation 
In passenger and freight demand and the progressive 
improvement in aircraft efficiency. 

Growing contributions from other sources (including 
ethanol, methanol, petroleum from the liquefaction of 
coal, and other hydrocarbons) are also expected to 
add to total petroleum production. The production 
of ethers from ethanol, methanol, and petroleum 
feedstocks grows to meet rising demands for these 
fuels in response to clean air legislation. 

Petrolain, Imports and Energy Security 

Given the projection for growing petroleum demand 
and assumed limitations on the domestic resource 
base, a conclusion of higher petroleum imports in 
the future Is difficult to avoid. Net petroleum Im-
ports of crude oil and refined products are forecast 
to increase from 7.2 million barrels per day in 1989 
to between 10.4 and 14.9 million barrels per day In 
2010 depending upon world oil prices and the 
domestic economic outlook. In comparison, the 
highest historical level of annual net imports was 
reached in 1977, at 8.6 million barrels per day. 
The forecast for 2010 reflects an import dependence 
of 54 to 67 percent, up from 42 percent in 1989. 
Historically, Import dependence reached a peak In 
1977, at 46.5 percent. 

In the last three years, United States petroleum im-
ports have increased so rapidly that 1989 net im-
ports are almost three million barrels per thy, or 
about 70 percent, higher than they were in 1985. 
This dramatic increase has led to many questions 
concerning renewed United States vulnerability to oil 
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disruptions. There are two major factors, however, 
that serve to limit the Increase In United States 
vulnerability. 

The first relates to the relationship between the 
United State, and the rest of the world oil market. 
While United States imports have Increased, 	 the 
Market Economies reliance on OPEC	 has not in-
creased as much. Although the OPEC share of 
market economy demand Is projected to grow sig-
nificantly throughout the forecast period, It still 
remains below the high 67 percent level attained In 
1073 (see Figure 2). 

The second major factor that serves to mitigate the 
impact of a disruption (or reduce the probability of 
a disruption occurring) is the existence of strategic 
petroleum stocks in the United States and In other 
consuming countries. United States strategic stocks 
now exceed 580 million barrels and can be drawn 
down at a rate exceeding three million barrels per 
day for six months (or about one-half of our current 
Import levels). The United States strategic reserve 
Is planned to be filled to 750 million barrels by 
2000. In addition, it Is estimated that the combined 
stocks of Japan and West Germany can be drawn at 
a rate of two million barrels per day for several 
months. 

Natural G 

The electric utility sector is expected to be the 
fastest growing market for natural gas. Accounting 
for only 15 percent of total gas use In 1989, the 
utility sector is projected to increase its share to 
about 26 percent in 2010 for the base, low and high 
economic growth scenarios. The strong growth in 
demand can be attributed to Increased gas use In 
existing steam plants and In future gas-fired 
combined-cycle and turbine plants. After 2000, 
rising gas prices relative to coal prices restrain fur-
ther utility gas demand increases In all cases 
(Figure 4). 

The industrial sector Is and will remain the largest 
gas consumer In the United States. However, the 
industrial share will shrink relative to Its 1989 level, 
accounting for 31 to 34 percent in 2010, depending 
on the level of economic growth. This pattern 
reflects the net outcome of two divergent trends. 
Gas use for Industrial boilers will decline, but this 
trend will be offset by rising gas use for cogenera-
tion of heat and electricity. 

In	 the residential	 and commercial buildings	 sector, 
natural gas	 consumption in	 2010	 is forecast	 to	 be 
7.1	 to 7.3	 trillion	 cubic feet,	 about the same	 as	 it was	 In 1989.	 Its	 primary use	 Is for	 space	 and 
water heating.

The production of natural gas liquids (propane, 
butane, and other liquid fuels extracted in the 
process of producing pipeline-quality natural gas) is 
expected to grow at only modest rates, depending 
upon the outlook for natural gas, and will range 
from about 20 to 26 percent of total domestic 
production. Further variations In gas liquids demand

may be anticipated as a consequence of changing 
petrochemical industry demand for feedstocks and of 
changing environmental policy (as less b',tane and 
Isobutane Is used by refiners as gasoline blending 
components).

FIGURE 4 
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Domestic production provides the largest source of 
natural gas supply and will Increase through the 
year 2000 before steadily higher prices reduce con-
sumption, and therefore production (see Figure 4). 
Over the forecast period wellhead prices rise from 
$1.76 in 1988 to between $4.57 and $6.09 in 2010, 
depending upon consumption and economic growth 
scenarios, with higher consumption producing higher 
prices. Increased production occurs as the level of 
developmental intensity In the Lower-IS States grows 
over time, giving higher rates of extraction. 
Natural gas from the North Slope fields of Alaska is 
projected to begin flowing to the Lower-48 States 
around 2005, with the construction of the Alaskan 
Natural Gas Transportation System. 

Imports of natural gas are expected to nearly double 
with most of the imports coming from Canada. 

Imports of liquefied natural gas (LNG) serve as a 
major source of imports in the projection, growing 
from less than 100 billion cubic feet in 1989 to 
more than 700 billion cubic feet in 2010. 
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Natural gas prices to end users are expected to 
compare favorably with competing fuel prices, when 
comparing cost per million BTU (Figure 5). After ad-
justing for a high efficiency heat pump's roughly 
three to one advantage in efficiency over a conven-
tional furnace, residential and commercial electricity 
prices also compete with natural gas, when valued 
per Dlii. In the industrial and electric utility sec-
tors, end-use prics will be influenced by prices of 
competing fuels, such as residual fuel and coal. 

FIGURE 5 
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the	 increase	 Is attributed	 to	 increased	 electric 
utility generation, whose share	 of United States coal 
consumption	 should rise	 to	 almost	 90	 percent by 
2010. Mini-mills and new technologies such as con-
tinuous casting have	 substantially	 reduced the 
demand for coke for steel-making.

Other industrial coal consumption is projected to in-
crease, driven by new demand for cogeneration and 
synthetic fuels.

FIGURE 6 
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Coal became the largest source of United States 
energy production in the 1980s, and its role should 
continue to increase In the future. From 
950 million short tons in 1988, annual coal produc-
tion Is expected to exceed one billion short tons by 
1995, reaching 1.6 billion short tons in 2010 In the 
base case.	 Increasing at a faster rate than total 
United States energy production over the forecast 
period, coal production should comprise about 
42 percent of primary energy production in 2010, up 
from about 30 percent In 1988 (Figure 6). 

On the consumption side, coal meets more of the 
Increased requirements in domestic energy than any 
other fuel over the forecast period. 	 Nearly all of

Economic reforms in Europe, together with growth In 
electricity consumption worldwide, are expected to 
result In a surge in world coal trade. Additionally, 
United States steam coal exports should Increase to 
countries such as West Germany and Japan, where 
planned nuclear projects have yet to materialize. 
United States coal exports should more than double 
between 1988 and 2010, reaching over 230 million 
short tons. 

Real n'jnemouth coal prices will decline through 
1990. The excess production capacity that has 
plagued the coal industry Is anticipated to dissipate 
in the 1990s. From 1988-2010, real minernouth coal 
prices are projected to rise at an average annual 
rate of one percent.	 Because transportation costs
will not rise as quickly, delivered (end-use) prices 
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should increase at a somewhat lower rate. In the 
electric utility sector, real delivered coal prices are 
projected to rise by 0.9 percent per year, compared 
with 4.2 percent for heavy oil and 4.3 percent for 
natural gas. 

The report assumes continuation of current laws and 
regulations. However, the outlook for the United 
States coal industry could be affected significantly 
by proposed add rain legislation, the development of 
clean coal technologies, and in the longer term, a 
resolution of the global warming debate. 

Comparison to Other Forecasts 

The EJA report compares its forecasts to that of 
four other Industry forecasts; DRI/McGraw-Hill (DRI), 
the WEFA Group (WEFA), the Gas Research Institute 
(GRI) and the American Gas Association (AGA).

All Live forecasts are based on a scenario of rapidly 
increasing oil prices after 1.190 as non-OPEC crude 
production peaks and slowly declines. The forecasts 
differ primarily on when and by how much energy 
prices will Increase. Regarding the impact the oil 
price Increase will have on the economy, there Is 
general agreement that lower growth and higher in-
flation will be the main effect. 

By 2010 the cost of oil, measured in 1989 dollars, is 
generally assumed to double. DRI, LIA, WEFA, and 
GR1's assumptions for oil price were similar, ranging 
from $32.09 to $36.90 (Table 1). AGA assumed the 
highest forecast of $46.59. All of the forecasts 
projected a gradually tightening relationship between 
crude oil and natural gas over the forecast period, 
leading to higher natural gas prices. 

TABLE 1

OOMPARISGN OF ENERGY FORECASTS, 2010 

EIA Base 
1988	 Case	 Dill	 WEFA	 CR!	 AGA 

Prices (1989 Dollars) 

World Oil Price 
(Dollars per Barrel) 

Natural Gas Wellhead 
(Dollars per Thousand Cubic 
Feet) 

Coal Mlnentuth 
(Dollars per Short Ton) 

Supply (Dcmrstic Production) 

Petroleum 
(Million Barrels per Day) 

Natural Gas 
(Trillion Cubic Feet) 

Coal 
(Million Short Tons) 

Net Imports 

Petroleum 
(Million Barrels per Day) 

Dcxmstic consumption 

Petroleum 
(Million Barrels per Day) 

Natural Gas 
(Trillion Cubic Feet) 

Coal 
(Million Short Tons) 

U.S. Oil Import Dependence 

lnports/Consunpt ion

15.27 36.90 32.09 33.59 33.68 46.59 

1.76 5.63 4.48 5.12 5.10 4.47 

23.02 28.55 29.56 36.12 n. a. n. a. 

8.14 7.81 7.50 6.00 7.20 7.45 

16.99 20.00 16.17 15.86 18.05 18.54 

950 1,617 1,337 1,484 n.e. n.a. 

6.59 12.35 12.64 14.78 13.40 10.56 

17.28 20.32 20.85 20!58 20.60 18.00 

18.03 22.16 19.91 19.83 20.30 21.94 

884 1,388 1,195 1,342 1,253 1.23 

38% 61% 6196 72% 65% 59%
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Forecasts of average total energy demand growth 
from 1988 to 2010 are fairly close, ranging from 
0.9 percent (AGA and OR!) to 1.2 percent (WEFA and 
EIA), with CR! in between (Figure 7). But, growth 
Is uneven across the economic sectors and energy 
sources. There is a consensus among the forecasts 
that electricity and (as a result) coal are the fuels 
that will show the largest consumption increases, as 
demand shares for oil, gas, and nuclear decline. 

FIGURE  
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In all forecasts for 2010, petroleum production is 
expected to continue Its steady decline. However, 
those forecasts with the highest oil price assump-
tions generally had the highest production and lowest 
imports. WEFA at the low end of the price range, 
projected the lowest United States oil production at 
6.0 million barrels per day. AGA, Gal, DRI and EIA 
are fairly close on production figures of between 7.2 
and 7.8 million barrels per day. Expectations of net 
oil imports In 2010 range from a low of 10.6 (AGA) 
to a high of 14.8 million barrels per day (WEFA) and 
projected oil dependence ranges from 59 percent 
(AGA) to 72 percent (WEFA), compared to 38 percent 
in 1988.

CR1 PREDICTS IMPORTED 1,140 TO SATISFY FUTURE 
GAS SUPPLY SHORTFALL 

The Gas Research Institute WHO has issued its 1989 
Policy Implications of the GRI Baseline Projection of 
U.S. Energy Supply and Demand to 2010. This an-
nual report is a major input to the internal planning 
cycle leading to the development of GRI's research 
and development program. The baseline projection is 
developed independently by CR! using publicly avail-
able data and a framework of commercially available 
models that GRI has modified over several years. It 
is not derived from the views of Gal member com-
panies. 

The new Gal projection highlights three broad policy 
Implications--the consequences of a low oil price 
track, the increasing probability of a shortfall in 
electric generating capacity in the 1990s, and the 
growing importance of environmental concerns as a 
driver in developing national energy policy. 

The single most significant facet of the 1989 
projection is that it is based on a very low 
projected oil price track. 

The 1989 projection indicates that natural gas will 
continue to play a major role in a highly competi-
tive energy mix well into the next century. As 
summarized in Table 1, growth in total energy 
demand Is projected through the year 2010 despite 
strong Improvements In energy conservation in all 
demand sectors. Total primary energy consumption is 
expected to grow at an average annual rate of 
about one percent, or as than half the 2.4 percent 
per year rate of GNP growth. 	 This results in an
increase from 1988 base-year levels of 82.6 quads to 
105.6 quads by the year 2010. Delivered gas to 
end-use sectors increases from 18.1 quads in 1988 to 
20.9 quads in 2010. (This compares to GRI's predict-
ion last year that gas use in 2010 would be 
19.4 quads.	 See the Pace Synthetic Fuels Report, 
June 1989, page 1-6). 

In summary, the projection confirms the viability of 
a strong gas role in a low energy price scenario. 
It also graphically illustrates the challenges to the 
industry that the scenario implies. If world oil 
prices remain this low and imported oil remains un-
constrained, the gas industry will have to become 
more economically efficient and technologically ad-
vanced to realize its potential in the United States 
energy mix. 

Petrulaim 

The oil price track adopted in the 1989 projection Is 
significantly lower than in previous Gal baseline 
projections. The refiner's acquisition cost of crude 
oil only reaches about $32 per barrel by 2010. If 
oil prices are higher, other energy prices will be 
higher, economic activity lower, and conservation 
greater. In such a scenario, the energy market 
trends would be materially different than shown in 
this projection. 
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TABLE 1 

PRIMARY ENERGY CONSUMPTION 
(Quads) 

Actual 
1988 1995 2000 2010 

Petroleum 34.4 37.4 40.1 42.7 
Gas 18.1 18.7 20.1 20.9 
Coal 18.9 20.1 21.5 26.9 
Nuclear 5.7 6.6 6.7 6.3 
Hydro 2.6 3.4 3.4 3.5 
Renewables 3.0 3.8 4.3 5.6 

Total 8276 89.5 95.8 105.6 

Domestic petroleum production is projected to decline 
from nearly 10 million barrels per day in 1988 to 
7.2 million in 2010. Oil imports, therefore, will 
reach 13.4 million barrels per day or about two-
thirds of total United States consumption by 2010, 
compared with 6.3 million barrels per day In 1988. 

Natural Gas 

Natural gas consumption is projected to grow at an 
average annual rate of 0.7 percent. While this rep-
resents a modest outlook for increased gas consump- 
tion, it involves shifts between diminishing traditional 
uses in the industrial and residential sectors and in-
creasing requirements in the electric utility and 
commercial sectors. 

The projection anticipates the availability of a few 
selected new end-use gas technologies, primarily for 
space cooling, which results from GRI's program. 
The entire potential impact of gas research and

development (R&D) is not reflected in the projection. 
In that sense, the projection Is a baseline for the 
evaluation of potential R&D strategies. Gas use 
might be greater if additional technological advances 
enter the marketplace. 

Natural Gas Supply 

The gas supply outlook presented in Table 2 repre-
sents a portfolio of supply sources that can be 
developed at acquisition prices consistent with the 
delivered prices used In the demand analysis. 

Production from Lower-48 States is projected to 
remain relatively stable. This outlook, however, is 
predicted upon two important factors: 

- First, while drilling costs grow throughout 
the projection to accommodate increased 
drilling activity, they never reach the 1978-
1982 peak charges. CR1 believes this outlook 

TABLE 2 

S(RJR(tS OF GAS SUPPLY
(Quads) 

Actual 
Source 1988 1995 2000 2010 

Domestic Production 17.1 16.4 17.5 18.3 
L-48 Base Technology 16.8 14.8 14.3 11.6 
L-48 Advanced Technology 0.0 1.2 2.9 5.0 Alaskan 0.3 0.3 0.4 1.7 

Other Supplies i.s 2.6 3.0 3.1 Pipeline Imports 1.3 1.9 1.9 1.8 LNG - 0.5 0.8 1.0 Supplements 0.1 0.3 0.3 0.3 Total 18.6 19.0 20.5 21.4 

asupplents include SG from petroleum, propane-air, refinery gas, and coal gas.
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is realistic in a price-competitive situation 
where expected wellhead prices remain low 
anti with no simultaneous boom In domestic 
drilling. 

Second, technological advances continue to 
improve rates of recovery and to expand the 
economically producible extent of the domes-
tic resource base. Without new technologies 
for gas production from tight formations and 
enhanced gas recovery from existing reser-
voirs, the production from Lower-48 resources 
would decline. 

Prior to	 the	 year 2000,	 imports	 from	 Canada	 will 
play an	 Increasing role	 in meeting	 demand.	 After 
2000, advanced	 technologies and	 pipeline	 deliveries 
from Alaska become critical to maintaining supply.

Domestic production, however, Is not being restricted 
in the projection by competition from external 
sources.	 Rather, it is limited by the level of ac-
tivity the low expected prices will support. Where 
additional market opportunities for gas exist, the 
additional market opportunities will attract more im-
ported gas says CR1. Increased imports will be 
drawn into the supply mix in a low energy price 
situation. 

Pipeline imports from Canada grow rapidly in the 
1990s but stabilize thereafter. The projected levels 
of imports are well within the proposed pipeline 
capacity to deliver Canadian gas to Lower-48 gas 
markets. They are also within the capability of the 
Canadian industry and estimates of the resource 
base. Continued growth of Canadian imports past 
the year 2000, however, would be uncertain. 

LNG Imports grow rapidly in the 1990s. By the year 
2000, existing LNG terminal capacity is fully utilized. 
Using existing terminals, LNG imports from Algeria, 
the Caribbean, Nigeria, and Norway can be competi-
tively priced in the United States gas market during 
the 1990s. The growth in the 1990s for LNG im-
ports Is consistent with the current volumes either 
contracted for or under negotiation. The growth In 
LNG imports after 2000 Implies the significant ex-
pansion of existing terminals or the construction of 
a new terminal. The gas acquisition prices after 
the year 2000 can accommodate the costs to con-
struct a completely new LNG delivery system. 

Mexican gas imports could also resume after the 
year 2000. Mexican Imports were ended in 1984 be-
cause of pricing and policy considerations rather 
than resource limitations. The modest levels of gas 
imports from Mexico in the projection are within the 
capability of the Mexican gas resource base. In-
stitutional uncertainties surround the resumption of 
Mexican Imports, but a strong market for gas over 
several years could renew interest. 

As shown in Table 2, coal gasification Is not ex-
pected to be a significant source of pipeline gas, 
even In the year 2010.

The gas prices In the 1989 projection are lower than 
in previous CR1 projections and are a significant 
element of the low energy price outlook. In con-
stant 1988 dollar prices, wellhead prices are ex- 
pected to increase from $1.71 in 1i188 to $2.57 in 
1995, $7.98 in 2000, and $4.97 in 2010. 

H" 

API CALLS FOR BALANCED ENERGY STRATEGY 

The president of the American Petroleum Institute, 
C.J. DiBona, testified that the United States govern-
ment needs to adopt a balanced energy strategy for 
the 1990s, emphasizing both conservation and domes-
tic production. 

He stated that while conservation policies must be a 
part of a national energy program, they will 'entail 
substantial costs." 

Appearing at a Department of Energy hearing on na-
tional energy strategy, Diflona noted that "many 
proponents of energy conservation assert that the 
measures they propose are economically efficient. 
However, the fact that they are not being widely 
adopted in the market demonstrates the opposite." 

Then he emphasized: "ironically, those who support 
relying primarily on conservation as a national 
energy strategy are, In effect, endorsing massive 
government intervention--while people around the 
world are rejecting that approach. Our neighbors 
abroad have discovered that centrally planned 
economies achieve poor economic performance." 

He said a balanced approach to energy security 
"would encourage conservation where It Is efficient 
while also removing unnecessary Impediments to 
domestic production, particularly Impediments to ac-
cess to government lands with promising petroleum 
potential," 

Action is necessary, he said, because: 

"First, the nation's energy security Is 
threatened by rapid growth in Imports, now 
at essentially 50 percent of use--but under 
present policies, two-thirds or more of our 
supplies could be imported within a decade. 

"Second, United States [oil] production is 
failing at a rate of 500,000 barrels a day 
per year and we see nothing in current 
policy to halt this decline. In fact, growing 
moratoria on offshore drilling and the lack 
of access to ANWR (Arctic National Wildlife 
Refuge) will accelerate the decline." 
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NATIONAL ENERGY PLAN URGENTLY NEEDED SAYS 
NCA 

The United States has never been more at risk in 
energy security than today, R.L. Lawson, National 
Coal Association president, told the Department of 
Energy (DOE) in December. lie called for a multi-
faceted plan that would help the United States 
achieve energy indàpendence and relieve Free World 
oil dependence. 

"The imported oil that Is coming to dominate the 
economy of this country and dominates the world 
economy Is out of control of those who must have 
It," he testified at DOE's national energy strategy 
hearing. "The Department's review of America's 
energy practices, needs and resources to establish a 
national energy strategy Is more than timely; it is 
urgently necessary." 

Lawson said United States dependence can change 
the course of American economic, 	 foreign and 
military policy. It can wrest vital decisions away 
from presidents by forcing short-term action that 
contradicts or even destroys long-term interests, he 
stressed. 

Lawson called for a national energy strategy that 
would utilize all domestic resources and rationalize 
them to ensure the highest long-term use of each. 
It should: 

- Foster conservation across the board; 

- Increase domestic production of oil and 
natural gas; 

- Increase coal use in all possible applications; 

- Restore nuclear power at the earliest pos-
sible time; 

- Deploy alternate fuels, particularly methanol 
from natural gas; 

- Reduce imported oil demand in transportation 
by appropriate electrification of railroads, 
and in other ways; 

- Deploy clean coal technology; 

- Encourage new fuel forms; and 

- Attack rising world imported-oil demand with 
an energy "Marshall Plan" to export coal and 
clean coal technology to energy-dependent 
nations. 

Lawson said the first objective of a strategy must 
be to start driving oil out of the United States 
economy, to stop and then reverse the rise in im-
port dependence. It should encourage our allies to 
do the same to the maximum degree possible, he 
testified, 

"Strategy must establish and deploy the assets for 
an effective response to an energy surprise before it

happens, not after. Before a surprise there is all 
the time In the world to mobilize but, when policy 
sees energy as Just another industrial commodity, no 
Interest; after a surprise, there is all the interest in 
the world but a key component of a strategy must 
be energy flexibility. This means harnessing all of 
America's considerable domestic resources: conserva-
tion, domestic oil and natural gas, nuclear power, 
coal and anything else that can be made by tech-
nology to serve economically and reliably," Lawson 
pointed out. 

lie said a strategy that exports both American coal 
and coal technology would deploy effective assets. 
"Every ton of coal claimed by the economic growth 
of a developing or an industrialized nation lowers 
the demand for imported oil on a politicized world 
market by four barrels, and further foils the con-
centration of power." lie added that United States 
recoverable coal reserves of 268 billion tons equal 
more than one trillion barrels of oil. 

Lawson explained that policy is all but paralyzed, 
however, as environmental concerns bid to become 
de facto energy policy for America. In the United 
States, for example, legislative proposals have been 
seriously put forward to unilaterally cap the use of 
fossil fuels to ward off a rise in the earth's tem-
perature predicted for 2050 by still-crude computer 
models that cannot make provisions for all the ways 
the earth functions. 

"The United States will never resolve her great 
energy problems by following policies that have only 
environmental objectives. She can resolve her en-
vironmental concerns with an energy strategy that 
relies on and advances technologies capable of 
benefiting	 the	 environment	 and	 the economy
throughout the world," he argued. 

Lawson said the national energy strategy should es-
tablish a post-war type "Marshall Plan" to encourage 
the worldwide use of American coal to reduce the 
demand for imported oil and to foster the spread of 
clean coal technology to ensure environmental com-
patibility and to bring about solid energy security. 

"An energy 'Marshall Plan' centered on coal and 
clean coal technology would put American well on 
the road to finishing the work she undertook 
originally: the creation of a functioning economy in 
the world so free institutions can flourish. It also 
would help resolve the world's rising environmental 
concerns," he testified. 

In conclusion, Lawson said there is •a link between 
energy and economic growth; a link between energy 
and political stability; a link between energy and 
the environment, and there is a link between 
energy and peace. 

"Keeping the links in place will require a strong 
lead from the United States and a strong national 
energy strategy for America. And we are certain 
that the timely deployment of that strategy may 
well be the difference between war and peace 
before the year 2050," he said. 
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MERRILL LYNCH IS BUWSU ON ENERGY 	 fuels where demand Is strong and restructured their 
marketing operations. 

A Merrill Lynch investment analysis refers to energy 
us the challenge for the 90s. The report 
paraphrases Mark Twain by saying that the death of 
oil and natural gas consumption has been greatly ex-
aggerated. 

Most Americans still vividly recall the disruptions 
created by the 1973-1974 Arab oil embargo and the 
1978-1979 Iranian revolution that caused severe 
shortages, price escalation and political upheaval. 
The rush to find alternative sources of energy to 
eliminate dependence on foreign fuels was an exer-
cise in futility as many of these efforts proved un-
economic. As the price of oil fell, consumption 
recovered in the mid-1980s, thus ending the dream 
of reduced dependence on fossil fuels. 

Merrill Lynch believes that the industry must once 
again turn towards developing its natural resource 
base. This should lead to an uptrend that will see 
all major facets of the business--exploration and 
production activities as well as refining and market-
ing operations--do well In the years ahead. This 
favorable outlook is in marked contrast to the 
problems that plagued oil companies during much of 
the past decade, when sharply declining demand and 
excess production capacity, as well as excess 
capacity In refining, marketing and chemicals, made 
the operating climate very difficult for the industry. 

For several years the stream of bad news condi-
tioned many Investors to accentuate the negatives in 
the oil industry and to shun the stocks. Merrill 
Lynch says now that Investors should take a more 
balanced view of the industry's prospects as the up-
turn progresses. This, in turn, ought to spark a 
search for attractive investment opportunities in 
selected energy and energy-related stocks. 

The demand for oil has been increasing since 1985 
and is roughly 50 million barrels a day, a level last 
seen ten years ago. July 1989 marked the first 
time in twelve years that the United States imported 
more than 50 percent of its requirements. Merrill 
Lynch thinks that demand will increase at an 
average annual rate of one million barrels a day 
over the next few years and that prices will trend 
higher. 

They expect the price of a barrel of oil to rise 
toward $25 in the early 1990s.	 The price of 
natural gas is also likely to rise. In addition, 
prices for clean-burning natural gas could receive an 
added boost from demand associated with environ-
mental concerns. 

Many energy companies are In a good position to 
transform the higher prices foreseen Into stronger 
earnings and to Improve on presently strong cash 
flows. After the wave of mergers and acquisitions 
that swept through the Industry several years ago, 
many companies have sold marginal assets and 
sharply lowered their operating costs. They have 
also closed unwanted refining facilities, upgraded ex-
isting capacity, shifted production efforts to those

An added plus for the industry is the chance that 
another major phase of consolidation will occur 
within the next few years. Higher valuations for 
refining and marketing facilities and chemical opera-
tions have boosted the asset values of numerous oil 
companies. In several cases, the estimated value of 
a company's assets is substantially greater than the 
market capitalization of its stock. 

Global oil consumption is expected to continue to 
Increase into the next decade as world economies 
remain strong and underdeveloped countries increase 
their energy needs. Under this scenario, all sectors 
of the energy Industry are expected to benefit: 
domestic and international oils, oil service, natural 
gas, exploration and production, refining and market-
ing, and coal. Some oil service companies are ex- 
pected to achieve income growth rates of over 
20 percent per year for the next five years. 

The Increased use of fossil fuel energy, however, 
will be accompanied by a growing environmental 
movement demanding a shift away from pollutants to 
clean-burning fuel. Environmentally acceptable 
natural gas should be a prime beneficiary of this 
secular swing, says Merrill Lynch. 

BATFflLE FORECASTS DROP IN ENERGY R&D 
EXPENDITURES FOR 1990 

Expenditures in calendar year 1990 for research and 
development (R&D) in the United States are expected 
to reach $138.7 billion, according to the annual Bat-
telle forecast. This represents an increase of 
$6.3 billion (4.8 percent) over the $132.4 billion the 
National Science Foundation estimates actually was 
spent for R&D in 1989. 

While part of the increase will be absorbed by con-
tinued inflation as It affects the R&D industry 
(estimated to be 2.6 percent for 1990), Battelle 
forecasts a real increase In R&D expenditures of ap-
proximately 2.1 percent. This Is somewhat lower 
than the 10-year average rate of 3.1 percent In 
real R&D effort experienced since 1979. 

Commenting on the forecast, Battelle president 
D.E. Olesen said, "With significant global changes oc-
curring In both the political and economic environ-
ment, we have every reason to expect that there 
will be continuing reallocation and reevaluation of 
R&D resources. These changes offer both challenges 
and opportunities, and it remains for the R&D com-
munity to develop innovative ways of applying Its 
store of strong and diverse talent." 

Industrial funding for R&D will account for almost 
49 percent of the total. Industrial support is 
forecast to be $67.7 billion, up 5.8 percent from 
1989. 
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Battelle sees an increase of 3.5 percent In federal 
support for R&D, with funding expected to be 
$64.9 billion. This is 46.8 percent of total expendi-
tures for 1990.

The small growth In energy research which relates 
to defense programs will be partially offset by the 
overall decrease In all other energy R&D. 

Funding by academic institutions Is expected to be 
slightly over $4 billion (2.9 percent of the total), 
and other nonprofit organizations will provide nearly 
$1.9 billion (1.34 percent). 

Over the past few years, Industry and government 
have switched roles as the primary source of R&D 
support. Government was the principal funder before 
1980; since then, industrial support has been 
dominant, except for 1986-98, and that trend is ex-
pected to continue in 1990. 

Federal funding supports research performance in all 
sectors. Currently, almost one-fourth goes to sup-
port R&D conducted by the government itself; 
slightly more than half goes to Industry; one-fifth 
goes to colleges and universities; and the rest, about 
one twenty-fifth, goes to other nonprofits. 

Government Support 

Four government agencies dominate the federal R&D 
scene and account for 92.3 percent of total federal 
R&D funding authority in 1990,	 compared to 
91.6 percent of funding In 1989 and 1988. The 
Department of Defense accounts for 60.3 percent of 
the estimated 1990 federal budget for R&D, the 
Department	 of	 Health	 and	 Human	 Services
12.0 percent, the Department of Energy 9.2 percent, 
and the National Aeronautics and Space Administra-
tion 10.8 percent of the total. 

Energy funds will continue to decline for research 
on basic energy supply and conservation, but not for 
programs in direct support of national defense and 
waste treatment, and for general science. Battelle 
says that energy projects Involving short-term or 
low-risk R&D have been largely financed by industry, 
and federal involvement in fossil or alternate energy 
sources will not be a high-priority issue.

The Battelle forecast indicates that Industry con-
tinues to support short-term R&D projects and is 
reacting to the pressure from foreign technological 
competition. White Industrial support for R&D had 
been growing substantially in recent years, a shift In 
patterns has been developing. Earlier, increases in 
Industrial expenditures resulted from an Improved 
business climate, higher sales and profits, and tax 
policies.	 However,	 the Industrial expansion has 
been--and will continue to be--affected by 
"mergermania" and a concentration on investments 
and actions that lend more toward short-term payoff 
rather than long-term survival. 

Long-Term Outlook 

As has been noted in earlier forecasts, the rate of 
growth of R&D has been slowing and Is expected to 
continue In a period of uncertainty. The combined 
Influences of federal budget-cutting and negotiations 
on defense and the major political changes that have 
been occurring In Eastern Europe will surely alter 
government priorities and postures. 

Industrial support will continue to be affected by 
conflicting and complex factors. Decreases in 
defense procurement, and the profits that result 
therefrom, are certain to affect the availability of 
funds for R&D support. The trade imbalance and ef-
forts to correct it, as well as efforts to expand 
markets In response to shifts in government 
priorities, could spur expanded R&D. However, the 
environment that permits greater rewards for short-
term financial results, rather than technical innova-
tion, will continue to have an adverse effect on 
R&D Investment. 
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ECONOMICS 

MERROW ANALYZES UNCERTAINTIES OF SYNTHETIC 
FUELS TYPE PROJECTS 

A report prepared by E. Merrow for the RAND Cor-
poration (An Analyiis of Cost Improvement in Chemi-
cal Process Technologies) addresses the phenomenon 
of cost improvement, sometimes called the learning 
curve or progress curve. 	 This report was prepared 
with Department of Energy funding. The slope of 
the learning curve can be used to indicate whether 
government support of new processes such as syn-
thetic fuels can be expected to have large social 
benefits or to represent a net loss to the public 
treasury. 

A draft version of the RAND report was reviewed at 
length in the Pace Synthetic Fuels Report, March 
1989, page 1-13. The final report appears little 
changed from the draft, which produced an equation 
to predict the cost improvement slope for a new 
process, as a function of the degree of process 
complexity. 

Since leaving RAND, Marrow at Independent Project 
Analysis, Inc. has carried out additional analyses of 
how the incorporation of new technology into a 
process Increases uncertainty with respect to es-
timated project costs, performance and completion 
schedules. At the American Institute of Chemical 
Engineers Annual Meeting held in San Francisco in 
November, he presented a paper on "Uncertainty, 
New Technology, and Project Success in the Chemical 
Industries. 

Merrow has developed predictive relationships be-
tween the amount of additional contingency needed 
to prevent a cost overrun and the development 
status of the technology used. In the past, several 
groups have developed "process development 
allowances," or cost contingencies which they add to 
a cost estimate, based on the development stage of 
the process (Figure 1). 	 These were usually 
developed by rough estimating procedures. Marrow 
has used an analysis of historical project data from 
the chemical industries to define a statistical basis 
for the process development allowance (Figure 2). 

In Figure 2, development status Is divided into four 
categories: 

- Exploratory/predevelopment: process Informa-
tion was obtained mainly from small-scale lab 
experiments 

- In development: a coordinated research and 
development (R&D) program is underway 

- Precommercial: development work is aimed 
at minimization of technical risks for com-
mercial applications, not resolution of basic 
design uncertainties.	 Large	 pilot	 or
demonstration/semi-works.

- Commercial:	 development is completed or 
this is not a new technology project 
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The figure shows a distinct pattern between new 
technology and cost growth and it shows the enor-
mous range of outcomes actually observed. This 
figure also captures a second critical dimension in 
predicting cost overruns: 	 the maturity of the
development process when the estimate was made. 

In his paper, Marrow argues that the Monte Carlo 
method of estimating project uncertainties is fatally 
flawed, and that instead a historically-based correla-
tion should be used. He has developed a multiple 
regression model that estimates the ratio of the 
estimated-to-actual costs of chemical plant projects 
as a function of: 

- Level of project definition when the estimate 
was prepared 

- Percent of the cost estimate associated with 
new technology 

- Interaction of the level of definition and the 
process development status 

- Degree of difficulty in R&D and early design 
with process impurities 

- Inclusiveness (comprehensiveness) of the cost 
estimate 

- Process complexity (measured as the number 
of block steps)

He	 claims	 that	 his	 model,	 based	 on	 over
160 estimates from over 80 projects has a standard 
error of about 7.5 percent deviation of the es-
timated from the actual cost in constant dollars. 
There are several important advantages to this sort 
of approach: 

- The transformation of uncertainty into a 
probability distribution is objective rather 
than subjective and is difficult (but never 
impossible) to game. 

- The probability distributions are a product of 
the accuracy of the statistical models and 
the specific properties of the project being 
examined. 

- Because the results are historically-based, 
they are much more credible than alterna-
tives. 

Structurally similar equations have been developed 
for engineering and construction schedule, startup 
time, production rampup and startup costs. in prin-
ciple, there Is no reason that any definable outcome 
cannot be modeled. It is simply a matter of 
developing the needed data. 
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TECHNOLOGY 

SKYGAS GASIFIER WORKS ON VARIETY OF 
CARBONACEOUS MATERIALS 

Xytel-Bechtel, Inc. and Montana Precision Mining Ltd. 
(MPML) announced last year they would jointly 
develop and market Skygas, an innovative technology 
for the gasification of carbonaceous materials. This 
new process is said to offer several advantages over 
conventional mass incineration. 

Xytel-Bechtel and MPML tested Skygas for more than 
a year. Xytel-Bechtel, a joint venture of Bechtel, 
Inc. and Xytel Corporation, specializes in designing 
and building small commercial process plants, includ-
ing miniplants to produce methanol and ammonia. In 
addition to mining interests, MPML Is Involved in 
waste-to-energy projects. Although Xytel-Bechtel is 
no longer participating in this process, Xytel Cor-
poration continues efforts to commercialize the 
process. 

Skygas is an "electrokinetic process" that converts 
solid and semisolid wastes into a clean-burning 
medium BTU gas that can be used for steam produc-
tion or electric power generation. - The composition 
of the gas also has the potential for conversion to 
valuable downstream chemicals such as methanol and 
ammonia. 

According to S. Randhava of Xytel-Bechtel, prelimi-
nary tests show that Skygas overcomes many of the 
problems associated with other disposal processes. 
"Skygas welcomes wet feedstocks which have proven 
to be a major stumbling block for mass incineration," 
Randhava explains. "We recently ran Skygas with 
municipal waste spiked with PVC to encourage the 
formation of dioxins. Tests by an Independent En-
vironmental Protection Agency-approved lab found no 
evidence of dioxins in either the product gas or 
ash," 

Testing with a prototype Skygas unit has focused on 
municipal solid waste, and dewatered municipal 
sewage sludge. 

Based upon various test runs conducted to date, it 
Is said that Skygas can be effectively used for 
disposing/gasifying the following materials: 

- Municipal solid waste (MSW) 

- Municipal sewage sludge (MSS) 

- Hospital and medical/infectious wastes 

- Pulp and paper mill sludge 

- Wood chips, hogwood, sawdust, etc.

- Rubber tires 

- Non-metallic automotive scrap 

- Plastics 

- Biomass and agricultural wastes such as rice 
straw 

- Printed circuit boards 

- Petroleum coke 

- Various hazardous wastes 

- High sulfur coal 

The Skygas process begins in a primary gasifier ves-
sel lined with refractory. At the bottom of the 
vessel are three carbon arc electrodes and under-
neath those a pool of water. 

Carbonaceous feedstock is fed continuously from the 
top of the reactor. As the feedstock enters the 
electrode zone, it is converted to a mixture of 
hydrogen,	 carbon monoxide and about 10 to
15 percent carbon dioxide. 

The	 hot gas	 produced In	 the arc	 zone of	 the 
primary gasifier	 rises through the	 entering teed 
material. This	 Initiates pyrolysis and	 also helps	 to 
trap some	 of	 the	 tars	 and gums in	 the	 gas. These 
tars	 and gums	 are	 then carried back	 into the	 are 
zone. 

The gas product leaving the reactor is sent into	 the 
top	 of	 a smaller,	 secondary gasifier	 containing	 one 
electrode. At the bottom of the	 vessel	 is a bed of 
coke	 that is	 heated	 by	 the electrode	 to incandes-
cence.

The CO 2 formed in the primary unit is turned Into 
CO in the secondary phase. Following the secondary 
phase, the gas goes through simple cleaning steps 
and the process is complete. 

By selectively adding steam in the secondary unit 
the syngas is prepared to go to a methanol synthesis 
reactor step. 

Test runs using high-sulfur coal indicate the need to 
mix in higher moisture material like wood chips 
along with the coal, to provide an electric path. 
Thus the Skygas process welcomes wet feedstocks, 
which have proven to be a major stumbling block 
for mass incineration. 
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INTERNATIONAL 

DOE TEAM TO VISIT SOVIET UNION 

Assistant Secretary of Energy for International Af-
fairs and Energy Emergencies J.J. Easton Jr. said a 
United States Department of Energy (DOE) team will 
go to the Soviet Union at the end of March to dis-
cuss cooperation in the energy sector. 

Plans for the visit were announced at a briefing on 
a recent visit by a Soviet delegation to explore 
cooperation In the area of non-nuclear energy 
research and development and related trade oppor-
tunities. 

Easton and other DOE officials explained that the 
Soviet visit was a broad, preliminary look at ways 
the two countries can cooperate on energy matters. 

Issues such as ruble convertibility, trade oppor-
tunities, and technology transfer will be looked at in 
later exchanges. 

The DOE trip will look at the state of Soviet energy 
technology, study cooperative government-to-
government ventures, and bring proposals for further 
cooperation. 

Among the Soviet technology of interest to the 
American delegation is gas hydrate recovery, which 
the Soviets have worked on extensively. 

NEDO PROGRAM MAINTAINS MOMENTUM 

Japan's New Energy and Industrial Technology 
Development Organization (NEDO) maintains a wide-
ranging program in energy development and energy 
conversion.	 Its change of name, however (formerly
New Energy Development Organization) indicates some 
shift in priorities. According to NEDO's president, 
M. Matsuoka, energy serves as the foundation for 
economic and social activity in all countries 
throughout the world.	 However, Japan depends 
heavily on foreign energy sources. In particular, 
Japan imports nearly all of its crude oil, and is thus 
very vulnerable to oil embargoes and other external 
events. 

NEDO was established to develop oil-alternative 
energy sources to the stage where they can be 
commercially applicable. Through close cooperation 
with related government agencies and industry 
circles,	 NEDO has taken the initiative in the
development of new energy sources. 

NEDO focuses its efforts on the research and 
development of industrial technology, particularly in 
basic and leading-edge fields such as new materials 
and biotechnology. At the same time, It is sponsor-

ing and taking the lead In establishing large-scale 
advanced research facilities. 

To ensure further development of society and 
economy in the coming 21st century, Matsuoka says 
it is necessary to develop an integrated technologi-
cal base which combines different energy sources 
efficiently and which provides momentum and oppor-
tunity for the industrial community, while at the 
same time maintaining a harmonious relationship with 
the global environment. As the central organization 
responsible for promoting such research and develop-
ment activities in Japan, NEDO coordinates and links 
a wealth of human resources available in the public 
and private sectors.	 Current direct employment is
about 850. 

NEDO's stated business purposes are: 

- To promote coordinated development and 
commercialization of oil-alternative energy 
sources for the purpose of reducing the de-
pendency of the Japanese economy on im-
ported oil. 

- To carry out basic and advanced research 
and development on industrial technology; 
construction and operation of large-scale 
research and development facilities; interna-
tional joint research and to coordinate these 
activities for the purpose of improving 
Japanese industrial technology and making a 
contribution to the international community 
through technological development and 
cooperation. 

- To promote rationalization and stabilization 
of Japan's coal mining industry by providing 
financial and technical assistance for invest-
ment required for the restructuring of the 
industry and the modernization of coal mines. 

- To produce industrial alcohol for the purpose 
of ensuring a stable domestic supply. 

Development of New Energy 

In 1987, the Supply and Demand Sub-Committee of 
the government's Advisory Committee for Energy 
drafted a Long-Term Energy Supply and Demand Out-
look. The outlook predicted that Japan's dependency 
on oil, which accounted for 57 percent of the total 
energy supply in 1986, would gradually be reduced 
to approximately 45 percent by the year 2000 
(Figure 1). This will be realized through an Increase 
in the utilization of nuclear power and liquefied 
natural gas, and the share of new energy sources, 
including geothermal energy, is expected to increase 
to as much as 1.4 to 5.3 percent of the total. In 
its "21st Century Energy Vision" report, the govern-
ment forecast that at the beginning of the next 
century, several of the new energy sources presently 
under development would be proven economically vi-
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FIGURE 1 

LONG-TERM ENERGY SUPPLY AND DEMAND OUTLOOK FOR JAPAN 
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able and reach the stage of commercial application. 
These new energy sources would then play a major 
role in creating flexibility in the nation's energy 
supply and demand structure, as well as ensuring the 
stability of energy prices. 

Coal Llquefaethm--NThOL 

In terms of available volume, coal is the most 
promising of all oil-alternative energy sources for 
Japan. Although coal is presently In use at thermal 
electric power stations, NEDO is promoting the 
development of technologies for the liquefaction and 
gasification of coal in order to allow it to be even 
more widely utilized. 

If coal could be effectively liquefied, it would serve 
as a valuable alternative for transport fuel, such as 
for automobiles. Therefore, NEDO regards the 
development of coal liquefaction technology as a 
theme of major importance. 

The NEDOL Process is a process for liquefying sub-
bituminous to low-rank bituminous coals which are 
found In many areas of the world. The process 
takes place under relatively moderate reaction con-
ditions and involves the direct liquefaction of coal 
by means of hydrogenation with a catalyst. 	 The
process is simple and easy to operate, and hydrogen 
consumption Is low. 	 The high oil yield makes this

process a superior one in terms of economic perfor-
mance. The following is an outline of the 
NEDOL Process. 

- Coal is liquefied In the presence of an ac-
tive iron-based catalyst and a hydrogen 
donor recycle solvent under conditions of 
150-200 kilograms per square meter and 
430 0 C -460°C. 

- Heavy distillate of coal derived liquid (boiling 
range 350°C-538 0 C) is hydrogenated using a 
catalyst under conditions of 
100-150 kilograms per square meter and 
320 0 -400°C in order to obtain a hydrogen 
donor recycle solvent. 

- In order to raise the thermal efficiency of 
the process, a slurry heat exchanger is In-
stalled In the high-pressure line. 

- The target yield of light and middle distillate 
fractions is over 50 percent on a dry ash 
free coal base. 

The design of a 150 tons per day pilot plant utiliz-
ing the NEDOL Process was begun In 1988. Plant 
construction is scheduled to begin in Ibaraki Prefec-
ture during 1991, with research operation starting 
from 1994. 

1-23	 SYNTHETIC FUELS REPORT, MARCH 1990 



In parallel with this, small-scale experimental plants 
are being operated in order to gather all of the 
process and engineering data needed for the opera-
tion and support of the necessary liquefaction 
catalysts, hydrogenolysis catalysts, pumps, and valves. 
A one ton per day process support unit (PSI)) was 
constructed in 1988, and began research operation. 

Brown Coal Llquefactloa Project 

The objective of the Brown Coal Liquefaction (BCL) 
Project is to find a method of efficiently utilizing 
the vast resources of brown coal which exist in the 
State of Victoria in Australia (estimated deposits of 
200 billion tons). Brown coal contains over 
60 percent moisture and is liable to ignite spon-
taneously when it dries out, thus making its utiliza-
tion very difficult. The project was begun in 1981 
as part of a broad range of cooperative research 
and development projects between the Japanese and 
Australian governments. NEDO developed the BCL 
process as being most appropriate for the liquefac-
tion of this type of brown coal and constructed a 
pilot plant capable of handling 50 tons per day (dry 
coal base).	 Research and operation is scheduled to 
continue at the plant until 1990. 

The HCL process is a two-stage process suitable for 
liquefying the moist and calcium-rich Victorian brown 
coal under moderate conditions. Its main features 
are as follows: 

- A new slurry dewatering system has been 
adopted in the coal preparation section in 
order to obtain a high oil yield and high 
energy efficiency. 

- Ash and pre-asphaltene are removed by using 
a solvent derived from the process so as to 
protect the catalyst in the secondary 
hydrogenation section. 

- Catalysts are used to reduce the severity of 
liquefaction conditions--an lorn-based dls 
posable catalyst In the primary hydrogenation 
section and a NI-Mo based catalyst in the 
secondary hydrogenation section. 

- Residual oil from both the primary and 
secondary hydrogenation sections are recycled 
together with solvents derived from the 
process In order to improve oil yield. 

Integrated Coal Gaslfbmtli Combined Cycle Power 
Generutia, 

In 1986, NEDO initiated a project for construction 
and research operation of a pilot plant. The plant 
consists of a coal gasifier with a capacity of 
200 tons per day, a hot gas clean up system and a 
gas turbine with a capacity of 13 megawatts. 
Design of the pilot plant began in 1986, Its con-
struction in 1987 and operation is planned from 
1990:

- The gasification system is an air blown, pres-
surized two-stage process in which coal is 
fed pneumatically by air. 

- The gas clean up process employs a hot dry 
type desulfurizer and dust removal equipment. 

- A 13 megawatt gas turbine and a full-size 
combustor test unit operated at actual tem-
perature and pressure level will also be in-
stalled. 

Coal-Based Hydrogen Production Technology 

The objective of this technology research is to 
produce low-cost hydrogen in large volume by 
gasification of a wide variety of coal. The 
hydrogen thus produced could be used as transport 
fuel and for the coal liquefaction process or for 
fuel cells. The technology essential to this 
process--the entrained flow gasification reactor--is 
being developed with a pilot plant whose design and 
construction was begun in 1986. Research operation 
is scheduled to start in 1991. 

In this process, pulverized coal is injected at high 
speed into the reactor together with oxygen in a 
rotating flow pattern at temperatures of over 
1,500 0 C and a pressure of 30 kilograms per square 
meter. 

Phosphoric Add Fuel Cell (PAYC) 

NEDO is developing the phosphoric acid fuel cell 
(PAFC) and completed two one-megawatt PAFC power 
plants in 1984. 

In order to advance the commercial application of 
this type of fuel cell, NEDO started a five-year 
project in 1986 to develop on-site PAFC systems. 
The project includes two types of commercial on-site 
systems. The first is methanol-fired and is designed 
for use in parallel operation with diesel generators 
on remote islands. The second is town gas-fired for 
cogeneration use, it is planned to construct two 
types of 200 kilowatt class plants and to conduct 
field tests. 

Molten-Carbonate Fuel Cell 

The operational temperature of molten carbonate fuel 
cells is higher than that of phosphoric acid fuel 
cells, resulting in higher thermal efficiency. Since 
gasified coal gas can be used as a fuel, this system 
is expected to be an attractive replacement for 
coal-fired power plants in the future. - 

To date, two 10 kilowatt stacks have been opera-
tionally evaluated, a matrix electrolyte type and a 
paste electrolyte type. As part of the next 
program, there is a plan to construct and operation-
ally evaluate 100 kilowatt cells by 1991, and to 
develop a 1,000 kilowatt pilot plant by 1995. 
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Solid Oxide Fuel CeU 

The solid oxide fuel cell Is receiving considerable 
attention because of its higher reaction temperature 
than that for the molten carbonate type, which 
enables a higher generating efficiency, and because 
of its simpler system configuration as well as highly 
useful waste heat. 

NEDO will conduct research and development ac-
tivities on cell structure and optimization of basic 
manufacturing technology for three years starting in 
1989, so as to establish a future research and 
development program. 

Under a nine-year program started in 1988, NEDO Is 
conducting research and development on three types 
of 300 kilowatt ceramic gas turbines which can be 
used for cogeneration and mobile power generation. 
The following specific subjects are being studied in 
the program: 

Research and development on heat resistant 
ceramic materials 

- Research and development on component 
technologies 

- Research and development of engine system 
technologies 

NEDO plans to develop all-metallic gas turbine en-
gines with consideration of future use of ceramic 
components during the period from 1988 to 1991, 
followed by a prototype gas turbine engine using 
ceramic components with a turbine inlet temperature 
of 1,200 0C from 1990 to 1992.	 At the final stage,

prototype ceramic gas turbine engines with a turbine 
Inlet temperature of 1,350 0C (as the goal) will be 
developed from 1993 to 1996. 

Therefore, NEDO Is undertaking research and develop-
ment on (1) material technology which can be used 
for the development of fine ceramics as a highly 
reliable material, (2) evaluation and application tech-
nology which can properly evaluate the mechanical 
properties of fine ceramics, and (3) Integration tech-
nology to apply fine ceramics to high temperature 
structural components such as those for coal 
gasification ceramic turbine engines. 

Converting Oil-Fired Power Plants to Methanol 

Starting in 1981, NEDO has been conducting a 
variety of research projects with the aim of promot-
ing the Introduction of methanol as an oil-
alternative fuel for thermal power plants and of 
perfecting the necessary technology. 

When burning methanol as a fuel, it is more effi-
cient to reform the methanol into gas through the 
use of exhaust heat from gas turbines. Fundamental 
studies are now being undertaken on the charac-
teristics of catalysts, heat recovery systems, and 
combustion chambers. Based on the results of these 
studies, a demonstration test has been carried out 
since 1988 using a 1,000 kilowatt total system. 

As part of efforts to develop technology to use 
methanol, a medium-sized bus using high blend 
methanol is being field tested. 

Figure 2 is an overview of the entire NEDO research 
and development program. 
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FIGURE 2 

NEDO ENERGY RESEARCH AND DEVELOPMENT PROJECTS 
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ENVIRONMENT 

ADS WILL SUPPORT ENVIRONMENTAL CONSIDERATIONS 
IN ENERGY DEVELOPMENT 

Serious environmental issues and consequences related 
to energy production, transport and consumption con-
fronting many countries in Asia and the Pacific will 
be examined in a regional study to be financed by 
the Asian Development Bank. 

Under a $600,000 technical assistance grant recently 
approved by the Bank, the study will explore ways 
to assess the Impact of environmental considerations 
on energy development in developing member 
countries of the Bank (DMCs), devise effective 
methods for dealing with them in the medium-term, 
define longer term strategic choices, 	 and seek
cooperative solutions. 

The technical assistance will focus on helping energy 
planners formulate energy development strategies that 
will be country-specific, strategic rather than 
project-specific and targeted on solutions which will 
be economically and environmentally acceptable to 
concerned countries.

The Bank will implement the technical assistance 
over 18 months starting in February 1090. It will 
engage country teams (comprising local experts 
and/or research institutes) in each of six selected 
DMCs to prepare situational reports. It will also 
engage international consultants to review these 
country surveys and formulate methodologies for the 
country studies to be done later. 

Country studies will be made in the People's 
Republic of China, India and Indonesia to illustrate 
coal use, deforestation and hydropower development. 
Similarly, country studies are planned for the 
Republic of Korea (nuclear power and acid rain), 
Nepal (severe	 deforestation) and the Philippines
(geothermal). 

The regional study is expected to "heighten aware-
ness among the Bank's DMCs of the environmental 
impact of their energy strategies on the rest of the 
world, and help in incorporating these global con-
siderations when planning for the rest of the cen-
tury and beyond." 
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COMING EVENTS 

1990 

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

MARCH 6-9, WASHINGTON, D.C. -- International Symposium on Performance Improvement, Retrofitting and Repower-
ing of Fossil Fuel Power Plants. 

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

MARCEl 26-27, WASHINGTON, D.C. -- Comparative Economics of Clean Coal Technologies. 

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

MARCH 26-28, CAMBRIDGE, MASSACHUSETTS -- Energy and the Environment in the 21st Century. 

MARCH 26-28, MORGANTOWN, WEST VIRGINIA -- Heat Engines and Gas Stream Cleanup. 

MARCH 29, LONDON, UNITED KINGDOM -- The Role of Government In Energy Meetings. 

APRIL 4-6, LONDON, UNITED KINGDOM -- International Conference on Steam Plant for the 1990s. 

APRIL 9-12, LONDON, UNITED KINGDOM -- Coal '90. 

APRIL 18-19, MORGANTOwN, WEST VIRGINIA -- Oil Shale Contractors Review Meeting. 

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

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

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

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

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

MAY 2-3, MORGANTOWN, WEST VIRGINIA -- Fuel Cell Contractors Review Meeting. 

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

MAY 15-17, OAK RIDGE, TENNESSEE -- Fourth Conference on Fossil Energy Materials. 

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

MAY 27-JUNE 1, NORMAN, OKLAHOMA -- International Enhanced Oil Recovery Conference. 

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

MAY 30-JUNE 4, BEIJING, CHINA -- Third International Exhibition on Energy & Power. 

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

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

JUNE 11-14 9 BRUSSELS, BELGIUM -- 35th International Gas Turbine and Aeroengine Congress and Exposition. 

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

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

JUNE 11-15, JYVAESKYLAE, FINLAND -- International Conference and Exhibition on Peat Production and Use. 
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JUNE 19-21, COPENHAGEN, DENMARK -- Annual International Conference of the International Association of Energy 
Economists. 

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

JULY 15-17, ADELAIDE, AUSTRALIA -- AIR Conference on Energy for the 21st Century: Are We prepared? 

JULY 22-25, DENVER, COLORADO -- Fifth Pacific Rim Coal Conference. 

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

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

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

AUGUST 19-22, SAN DIEGO, CALIFORNIA -- Summer National Meeting of the American Institute of Chemical En-
gineers. 

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

AUGUST 26-31, PRAGUE, CZECHOSLOVAKIA -- Tenth International Congress of Chemical Engineering, Chemical 
Equipment Design and Automation. 

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

AUGUST 28-30, MORGANTOWN, WEST VIRGINIA -- Gasification and Gas Stream Cleanup Systems. 

SEPTEMBER 10-14, PITTSBURGH, PENNSYLVANIA -- Seventh Annual International Pittsburgh Coal Conference. 

SEPTEMBER 23-26, NEW ORLEANS, LOUISIANA -- Annual Meeting of the Society of Petroleum Engineers. 

SEPTEMBER 24-27, PITTSBURGH, PENNSYLVANIA -- Direct Liquefaction Contractors Review Meeting. 
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PROJECT ACTIVITIES 

SPP/CPM OUTLINE STUART DEVELOPMENT PLANS 

Southern Pacific Petroleum and Central Pacific 
Minerals (SPP/CPM) of Australia are planning a staged 
development at the Stuart oil shale deposit near 
Gladstone, Queensland. At the Eastern Oil Shale 
Symposium last November, J. Schmidt of SPP/CPM 
outlined the planned approach for the project. 

SPP/CPM has completed a preliminary engineering 
design using Canadian retorting technology and con-
ventional refining technology to recover the shale oil 
in a semi-commercial plant to be built 15 kilometers 
north of Gladstone. 

The stated objective of the initial plant Is to 
provide the basis for a full scale oil shale industry 
In Australia and thus support the aim of the 
Australian Government to maximize energy sell suf-
ficiency and minimize balance of payments deficits. 

The semi-commercial plant is primarily designed to 
demonstrate the technical feasibility of processing 
shale at low cost. Nevertheless It Is expected to 
generate modest profits even at this demonstration 
level. 

According to Schmidt, this will be the first step in 
a three-stage development of one of the major 
Australian oil shale deposits which may ultimately 
provide nearly 10 percent of Australia's anticipated 
oil requirements by the end of the century. New 
sources of oil are becoming critical since Australian 
production is declining rapidly while consumption is 
accelerating (Figure 1). Australia's self sufficiency 
in transportation fuels has started to decline and it 
is expected that not even the most vigorous ex-
ploration program is likely to reverse that trend.

FIGURE 1 
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Oil Shale Resources 

Eight deposits of Tertiary oil shale have been Iden- 
tified within the coastal region of the State of 
Queensland, Australia (Figure 2). They contain some 
27 billion barrels of in situ shale oil of which 
SPP/CPM own a net interest of some 20 billion bar- 
rels. 

The location of these Queensland deposits provides 
advantages not found elsewhere in the world says 
Schmidt. They are close to infrastructure including 
power, plenty of water, port facilities, and labor, 
and are suitable for cost effective open pit mining. 
The weather and altitude are similar to the Gulf 
Coast of the United States.	 The shale oils derived
from these deposits are also relatively low in sulfur, 
nitrogen and metal impurtities. SPP/CPM believes 
that the combination of these factors creates the 
most economically attractive oil shale resources in 
the world. 

The Stuart deposit, wholly owned by the companies, 
is said to be the most attractive deposit as a start- 
ing place for development. 

The Stuart oil shale deposit is situated In the 
southern half of the Narrows Graben immediately 
northwest of the industrial city of Gladstone 
(Figure 2). Gladstone is a deep-water port with an 
established labor force, power, water, and support 
facilities.	 Resources total 3.05 billion barrels of oil
in situ with a 50 liter/tonne cut-off grade with an 
average	 grade	 over	 the	 whole	 deposit	 of 
94 liters/dry tonne (LTOM). Average overburden to 
ore ratio is less than 1:1 and both overburden and 
shale are soft, easily dug materials ideally suited to 
open pit mining--no blasting is required. 

Of great advantage, the deposit contains a relatively 
rich zone (Kerosene Creek Member) close to the sur- 
face (Figure 2). This zone contains the equivalent 
of 155 million barrels averaging 128 LTOM including 
110 million barrels averaging 167 liters per dry 
tonne and enhances the economics of the demonstra- 
tion stage and second stage of the planned develop- 
me nt. 

Oil Shale Processing System 

SPP/CPM has worked closely with Canada's Alberta Oil	 Sands Technology and Research Authority 
(AOSTRA) and UMATAC Industrial Processors. After 
substantial previous test work with Queensland shales 
through six other available technologies, the com-
panies found that the AOSTRA Taciuk processor of- 
fered an optimum combination of effective operation, 
simplicity, and low capital and operating costs. 

The AOSTRA Taciuk Processor consists of a horizontal 
rotating vessel containing four compartments which 
house the following process steps: 

DoPebase case 
covered 

Production 	 Productbn with 
'-	 oi new reserves eg	 - 

ProductIon with no further decoverios
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Preheat of the Dried Shale 

Retort Zone: Oil Shale Pyrolysis 

Combustion: Spent Shale Combustion 

- Cooling:	 Heat Recovery from Combusted 
Shale 

AOSTRA carried out bench scale tests for the com-
panies in 1985 followed by batch tests in 1985. 
After encouraging results, 2,000 tonnes of Stuart 
shale were sent to Calgary for bulk testing in the 
80 tonnes/day pilot plant there. After a satisfac-
tory five-month testing program, the decision to use 
the Taciuk system for the Stuart deposit was con-
firmed. An agreement with AOSTRA grants SPP/CPM 
exclusive Taciuk process rights for Australia and 
license-free rights in the rest of the world. 

Cominerdal Demonstrathm 

As explained by Schmidt, the current conceptual 
design is for a plant processing 6,000 tonnes per

stream day of as-mined shale at an average grade 
of 170 LTOM and producing approximately 
1,650 barrels per stream day (BPSD) of upgraded 
naphtha, and 2,600 BPSO of fuel oil. The upgraded 
naphtha will be suitable as refinery feedstock for 
gasoline production and the fuel oil can be sold in 
various fuel oil markets within and without Australia. 

A block flow diagram of the plant, shown in 
Figure 3, comprises the following components: 

- A conventional open pit mine. Contract min-
ing will be utilized. 

- Crushing to a top size of six millimeters 
using impact type crushers. The shale is 
then dried to four percent moisture in a 
rotary dryer. 

- A Taciuk Processor system for retorting. 

- Mine waste and shale ash will be back-filled 
into the pit. 

FIGURE 2 
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FIGURE 3 

STUART INITIAL COMMERCIAL PLANT BLOCK FLOW DIAGRAM 
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- The oil recovery section employs conventional The Stage 2	 plant	 will	 utilize	 the	 remaining	 ore	 to 
oil refinery	 technology	 to	 produce	 a	 shale be found in	 Kerosene	 Creek with average	 grade	 of 
oil, shale	 naphtha,	 condensed water and un- 140 LTOM while	 the	 Stage 3	 plant	 will	 then	 start 
condensed hydrocarbon gases. using	 the main	 body	 of the	 deposit	 averaging 

94 LTOM.
- The liquid stream from the lean all absorp-

tion system, containing butanes and shale 
naphtha, is fed to a naphtha hydrotreater. 
The hydrotreater product is fractionated Into 
a butane stream and a hydrotreated naphtha 
stream. The hydrotreated naphtha is suitable 
for processing in catalytic reformers of exist-
lag Australian oil refineries. 

Stuart Development Plan 

The Stuart development plan involves two further 
stages of development alter successful operation of 
the demonstration plant has removed any technologi-
cal risk. 

Stage 2 is a full size commercial module, probably 
of 25,000 tonnes per stream day capacity (Taciuk 
processor about 40 feet in diameter and 160 feet in 
length). 

Stage 3 is a replication of Stage 2 in five modules 
for a total capacity of 125,000 tonnes per stream 
day.

Capital costs as estimated by SPP/CPM in mid-1989 
United States dollars would be as follows: 

Stage 1: $90,000,000 
Stage 2: $280,000,000 
Stage 3: $1,220,000,000 

The total cost of the Stuart development, including 
the Stage 1 demonstration plant, would therefore be 
approximately $US1,590 million for a production of 
66,500 barrels per calendar day. 

With the technology risk removed, SPP/CPM believes 
that the Stage 2 and Stage 3 plants can be 
financed under customary project finance terms. 

With 70 percent debt and current interest costs, 
they say this complete Installation can return an 
adequate profit without any excise gasoline tax ex-
emption with product prices equivalent to a Dubai 
Oil price of about $US17 per barrel. The ap- 
proximate time table for such development would in-
clude two years for construction and one year for 
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operation of Stage 1, three years for construction of 
Stage 2, and four years for construction of Stage 3. 

Following this 10-year timetable, the Stuart develop-
ment could be replacing over 15 percent of 
Australia's projected crude imports by the year 2000. 

nfl 

UNOCAL ACHIEVES NEW PRODUCTION RECORD IN 
NOVEMBER 

In November 1989 Unocal Corporation	 Parachute
Creek shale oil plant shipped 227,000 barrels of 
syncrude, a new record. This corresponds to an 
average production rate of over 7,000 barrels per 
day for the month. 

The plant's production history since it first began 
shipping product in 1987 Is shown in Figure 1. 

Major factors contributing to the increased produc-
tion are the installation of a new crusher last 
August plus modifications in retort operations. The 
new crusher delivers a smaller and more uniform 
particle size to the retort, result in better behavior 
within the retort. The retort operating temperature 
has also been increased. 

FIGURE 1 

UNOCAL OIL SHIPMENTS
MARCH 1987 THROUGH
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OCCIDENTAL STAFFS UP FOR MIS DEMONSTRATION 
PROJECT 

Last fall United States House and Senate conferees 
agreed to take the first steps toward a 10-year, 
$200 million project to demonstrate modified in situ 
(Ml.) retorting technology at Occidental Oil Shale's 
C-b tract in Colorado. The Department of Energy 
will be provided with $750,000 in 1990 to begin 
preliminary engineering studies. The State of 
Colorado will provide up to $400,000 and Occidental 
has agreed to match both state and federal funding 
commitments. 	 Thus the total project budget for 
1990 could approach $2.25 million, 

The Occidental proposal is to design, build and con-
struct a model plant that would use the company's 
MIS technology to produce oil from shale and, at 
the same time, would combust the mined shale with 
coal to produce electrical energy for sale to local 
utilities. There is a significant environmental 
benefit to combining shale with coal to produce 
electricity because shale acts as a natural scrubber, 
which cleans coal of its sulfur. 

Occidental says the plant, while verifying two impor-
tant energy-producing technologies, will generate 
substantial revenues to offset development costs of 
the project. Even so, this project would require 
participation by federal, state and local governments 
and a long-term commitment by Occidental--a com-
mitment to which all parties have agreed in prin-
ciple. 

In a letter of support for the project to the ap-
propriations committees of Congress, Governor Roy 
Rome,' of Colorado said, "I support additional funding 
to start a cooperative federal-state-industry 
demonstration project to test new oil shale mining 
methods and processing technology beginning with the 
fiscal year 1990 budget." 

Bechtel, Inc. carried out cost estimates in 1989 that 
show that current processing technology can produce 
upgraded shale oil in relatively small commercial 
plants for less than $30 per barrel. 

Since above-ground technology is being developed on 
both commercial and smaller scales by other com-
panies, Occidental proposes that comparable develop-
ment of underground technology be carried out to 
verify the projected commercial economics. Then, 
when world oil prices warrant, commercial plants 
could be built with private funding. 

Occidental is the sole leaseholder of a 5,000-acre 
federal tract in Colorado (Tract C-b), which contains 
4.5 billion barrels of recoverable shale oil. The 
plan Is to build and operate a small proof-of-
concept facility at Tract C-b that would take three 
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years to build. It would take another four to seven 
years of operation to complete the testing period. 

Two MIS retorts would operate simultaneously and 
produce 1,200 barrels of shale oil per day (see 
Figure 1). The entire amount of shale rock mined 
and the gas produced In the process would be 
cofired with other fuels--particularly coal, which is 
plentiful in that area--in a circulating fluidized bed 
combustor that would produce 46 megawatts of 
power, of which 33 megawatts would be for sale to 
local utilities.

FIGURE 1
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By providing for a multiyear trial period before 
commercialization, the project will allow local com-
munities and counties time to develop appropriate 
infrastructure to deal with the emerging Industry. 

WESTERN SLOPE REFINING SUSPENDS OPERATIONS 

Western Slope Refining Company of Fruits, Colorado, 
announced at year-end that It would suspend most 
of its operations because of financial losses. 1any 
of the refinery's 125 workers are expected to be 
laid off as a result of the cutback. A company 
spokesman said in February that enough employees 
would be retained to operate the calciner and the 
gasoline terminal.	 A decision on whether to con-



tinue operating the coker had not yet been made. 

Western Slope Refining had been expected to process 
shale oil from Unocal's Parachute oil shale project. 

Environmental Problems at Refinery 

Last fall, citizen complaints about Western Slope 
Refining prompted Colorado state health officials to 
consider asking the United States Environmental 
Protection Agency (EPA) to conduct an in-depth 
analysis to see if the refinery emissions posed a 
health threat. 

The point source analysis would entail extensive 
stack tests and computer modeling to assess what 
pollutants exist and at what levels at different dis-
tances from the plant. It would determine if those 
emissions are a health risk. 

The request would be made as a result of citizen 
complaints and not because the refinery had violated 
any standards. 

No one had been able to pinpoint the cause of the 
sporadic emissions that have prompted numerous 
complaints from nearby residents. 

Western	 Slope	 Refinery	 officials	 pledged	 full
cooperation with health department and EPA officials. 

RUNDLE PROJECT STUDIES CONTINUING AT LOW LEVEL 

An update on the Rundle commercial project was 
given by S.S. Hamilton of Ease Australia at the Fifth 
Australian Workshop on Oil Shale, held in Lucas 
Heights, Australia in December. He said that, with 
Esso's outlook for crude prices suggesting no early 
lift in real values, studies have continued at only a 
modest pace.	 The Rundle Commercialization Study 
(RCS) was last updated in 1988. However, said 
Hamilton, the Rundle joint venturers continue to 
pursue a work program which advances the project 
In a logical and timely fashion. 

Rource Studies 

As part of the Rundle Commercialization Study Up-
date (RCSU) conducted in 1987/88, the mining studies 

The project will contribute insight Into environmental 
issues that will enable oil shale development to 
proceed in strict compliance with environmental 
regulations. 

At the present time, the project does not Include an 
aboveground retorting component, although Lawrence 
Livermore Laboratory hopes to find funding to build 
a demonstration unit of their Hot Recycle Solids 
retort as part of the Occidental project. 

Occidental Oil Shale Inc. of Steamboat Springs, 
Colorado expects to add up to half a dozen staff 
positions by year-end 1990 as the project and fund-
lag develops.
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were reviewed. At the outset of this update, there 
was no reason apparent to change the basic mine 
plan. However, conditions and circumstances within 
the mining industry were felt to have changed suf-
ficiently to warrant a review of mining practices. 
The reviews showed that it was possible to achieve 
significant manpower reductions through changed 
work practices. Other factors were revealed also, 
which were shown to be conservative when compared 
against similar current-day operations. Contract rein-
ing was shown to be feasible and to offer operating 
as well as capital savings. 

Scrapers were used In the RCS for moving both 
overburden and ore--partly because of their ability 
to follow an Interface closely and therefore achieve 
high selectivity between ore and waste. While this 
Is critical at the interfaces, it brings inefficiencies 
as haul distances lengthen and when care over 
selectivity is unnecessary. Hamilton now believes 
that a mixed fleet of scrapers and truck/shovels will 
be used and there is a high probability of additional 
savings. 

Despite the four years that had passed between the 
RCS and RCSU, the operating cost per tonne of ore 
fell by 20 percent as a result of the revised as-
sumptions. 

Envircnmental Studies 

The Rundle Solid Waste Disposal Leachate Program is 
approaching completion. In general, the leachates 
produced as water flows through waste piles of 
Rundle shale have been shown to be innocuous. 
However, some overburden waste components have 
been shown to have acid-forming potential associated 
with pyrite. It Is expected that dumping strategies 
involving mixing of spent and waste shale can be 
developed to ensure neutralization of any acid 
formed within the dump. 

Meteorological data continues to be collected 
automatically at the Rundle site, with processing of 
the raw data via data link from Ewe's Sydney of-
fice. 

Shale Research 

Research into the mineral and gas reactions which 
accompany retorting and combustion of Rundle shale 
is continuing at Commonwealth Scientific and In-
dustrial Research Organization's (CSIRO) Division of 
Fuels Technology.

The Rundle joint venturers have provided industry 
support for NERDDP-funded projects on various 
aspects of oil shale research. The Department of 
Fuels Technology at the University of New South 
Wales has studied the suitability of the heavy com-
ponents of Rundle shale oil for road-making bitumen. 

Rundle has recently agreed to assist research into 
the application of microwaves to shale retorting in 
collaboration with the Microwave Application 
Research Center associated with the University of 
Wollongong.	 This program is planned to start early
in 1990. 

Engineering Studies 

Other input to the RCSU was the experience gained 
from operation of the five ton per day Exxon Shale 
Retort (ESR) pilot plant by Exxon Research and En-
gineering at Baytown, Texas. (The pilot plant cam-
paign was only beginning at the time of the RCS.) 
In consequence, the overall process was simplified 
and the simplification was reflected In decreased 
cost of the processing facilities.	 The heat balance
of the process moved from minor deficit to sig-
nificant surplus. This factor allowed additional 
simplification of the processing route. (it is unlikely 
that the energy balance will remain In surplus once 
the rich Kerosene Creek Member is mined out. 
Thus, says Hamilton, it is important to ensure that 
the overall ESR process has flexibility to handle 
variations in energy balance.) 

Infrastructure and owner's costs came down as the 
scope and complexity of the project fell. 

Overall, the capital cost of the project was reduced 
by more than 20 percent compared to the RCS. 
Operating costs also were reduced, but the crude 
price also had deteriorated during this same time. 

Outlook 

According to Esso, Rundle remains an excellent 
prospect to contribute significantly to Australia's oil 
supplies once the world-wide balance of supply and 
demand pushes oil prices up. The joint venture in-
tends to continue its work program in order to be 
ready to develop the project when an adequate 
return on capital can be achieved. 
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CORPORATIONS 

WATER-JET-ASSISTED MINING DEMONSTRATION MOVED 
TO UNOCAL MINE 

A water-Jet-assisted roadheader for use in oil shale 
mining is being developed by Alpine Equipment Cor-
poration with cooperative funding from the United 
States Department of Energy and the Colorado Mining 
Association (see Pace Synthetic Fuels Report, Decem-
ber 1988, page 

The original schedule called for field testing in 
Exxon's Colony pilot mine, starting in June 1989. 
The test program called for 200 hours of mining, 
resulting in 12,000 tons of oil shale mined. Slippage 
In the development schedule, however, made it im-
possible to carry out the field work before Exxon's 
decision to close down their Colorado operations as 
of December 1989. It has now been announced that 
the field demonstration will take place at Unocal's 
Long Ridge oil shale mine. 

Project sponsors gave an update on the program at 
the National Western Mining Conference held in Den-
ver, Colorado in February 1990. Good results have 
been obtained in factory tests with polycrystalilne 
diamond compact bits. They have found that 
productivity may be adversely affected by increased 
Up speed of the cutter wheel. Best results are ob-
tained when the cutter tears off chunks of rock 
rather than grinding it all to small sizes. 

Use of the water Jet assist has been found effective 
In controlling dust, cooling the bits and assisting in 
particle removal. However, little actual cutting of 
the rock by the water jets is observed in the ob-
tainable water pressure range. Thus, no advantage 
Is seen for water pressures above about 3,000 psi. 
Actual cutting of oil shale rock by water jets would 
require pressures above 20,000 psi, which are above 
the levels which can be reacted by the equipment 
under development. 

It is not expected that even an advanced mechanical 
miner would totally replace conventional drilling and 
blasting In oil shale mines. However, it could be 
used for more efficient development mining and to 
mine out the top heading or bench. Extraction 
ratios could be increased because smaller pillars are 
possible when they are not subject to damage by 
blasting. 

SPP/CPM CONTINUING BROAD BASED Oil. SHALE 
RESEARCH 

Southern Pacific Petroleum N.L. and Central Pacific 
Minerals N.L. (SPP/CMP) remain committed to the 
early development of oil shales in Queensland, 
Australia.	 Accordingly, the companies state they

have maintained steady progress both on their own 
behalf and In connection with coventurers in address-
ing the research, technological and commercial 
aspects of shale oil developments. 

At the Fifth Australian Workshop on Oil Shale, held 
In December, they presented reserve estimates for 
the companies' oil shale deposits and summarized 
progress for the Condor, Duaringa, Lowmead, 
Nagoorin, Nagoorin South and Stuart deposits. They 
note that the significant expansion of Australian oil 
shale research which occurred in the early 1980s has 
continued. Much of this research effort has focused 
on the seven deposits in Figure 1. The research 
tries to Increase efficiency in handling and process-
ing oil shale and to reduce both capital and operat-
ing costs. The companies' research efforts are con-
centrated on basic process and reactor research. 

The Stuart work program is the primary focus of the 
SPP/CPM oil shale effort. Work towards constructing 
the first shale oil production module Is summarized 
In a separate article. 
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The Condor Oil Shale Deposit is centered about 
15 kilometers south of Proserpina on the central 
east coast of Queensland. The Tertiary sequence at 
Condor forms part of the Hillsborough Basin and is 
at least 1,000 meters thick in the center of the 
deposit. An in situ resource in excess of nine bil-
lion barrels of shale oil has been delineated from 
two phases of exploration spanning five years. 

SPP/CPM reports that the first extremely detailed 
high temperature combustion kinetics data for 
samples from the Brown Oil Shale subunit have been 
generated. Current research and development 
programs are extending and further interpreting the 
research database by examining preferred processing 
conditions developed In earlier studies. Coking 
studies using a new facility concluded that oil yield 
reductions were likely with long retort solids 
residence times. Current effort is therefore devoted 
to retorting and combustion at shorter residence 
times than have previously been examined in bench 
or pilot plants, and to lower solids recycle ratios In 
retorting. Additional research correlations have been 
developed to relate gas component production to oil 
shale grade.	 This increases the Condor oil shale 
property/grade	 correlational	 database	 to	 over 
60 equations. Onsite meteorological monitoring has 
been maintained with data being recorded for future 
analysis. 

The Japan Oil Shale Engineering Corporation has 
completed the testing program on 17,000 tonnes of 
Condor oil shale through its 300 tonne per day 
retort pilot plant in Japan. 

Duarthga 

The Duaringa Basin comprises an elongated trough 
trending north northwest containing Tertiary rocks 
superimposed on the structurally deformed eastern 
margin of the Bowen Basin. The Duaringa oil shale 
resource is estimated to contain 3.72 billion barrels 
of In situ shale oil with an average grade of 
82 liters per tonne at zero water (LTOW) based on a 
cutoff grade of 50 LTOW and a minimum mining 
thickness of four meters. The Duaringa deposit has 
high in situ moisture requiring substantial amounts of 
energy for thermal drying and the deposit is remote 
from existing infrastructure. In earlier studies the 
on site energy balance resulted in a requirement for 
either supplemental fuel and a substantial cost 
penalty or more fuel efficient processes. An up-
dated processing scheme, comparable to that cited 
for Condor, at 56 LTOW feed grade and 29.9 percent 
surface moisture,	 Is now approximately in fuel
balance. 

Research has focused on more detailed analysis of 
combustion and dryer/combustor/exchanger relation-
ships to improve project economics. 

Low inead 

The Lowmead Oil Shale Deposit lies within the Low-
mead Graben and is located about 70 kilometers 
south of Gladstone, central Queensland. 	 In situ

shale oil resources are estimated to be in excess of 
700 million barrels, based on a four meter minimum 
mining thickness. The Lowmead oil Shale Deposit Is 
characterized by a sequence of interbedded car-
bonaceous oil shale (brown coal dominated) and 
non-carbonaceous oil shale (lamosite) members. The 
brown coals in the carbonaceous oil shales come ex-
clusively from higher plants with hydrogen-rich, 
aliphatic liptinite precursors a major component. 
Lamosite contains a mixed assemblage of organic 
matter with almost all of the liptinites derived from 
algae. 

Based on improved pyrolysis and combustion kinetics 
data for an oil shale sample from the Lower 
Korenan Oil Shale Member (lamosite) with a feed 
grade and surface moisture content of 92 LTOIV and 
21.5 mass percent respectively, a standard processing 
scheme was updated. Retort and primary combustor 
solids residence times were 0.8 and 0.3 minutes 
respectively. 

Nagooxin and Nagoorin South 

Joint venture companies SPP/CPM, Greenvale Mining 
N.L. and Esperance Minerals N.L. are conducting 
research and exploratory studies on the deposit. 
The Nagoorin Oil Shale Deposit is located im-
mediately to the east of the small townships of 
Nagoorin and Ubobo in the Boyne River Valley, 
Central Queensland. An in situ shale oil resource of 
2.65 billion barrels has been delineated in the 
Magoorin deposit. Oil Shales from the deposit belong 
to one of three groups: (1) cannel coal and can-
nelold carbonaceous shales; (2) lamosites and car-
bonaceous lamosites; and (3) claystones and carbonate 
rich claystones containing trace amounts of alginite, 
vitrinite and reshnite. 

The Nagoorin Technical Screening Study, initiated in 
early 1985, recommended priorities for future 
research. The current stage of work emphasizes the 
promising potential for retorting the carbonaceous oil 
shales.	 Research on Unit Cc carbonaceous samples 
has confirmed extremely rapid pyrolysis and combus-
tion kinetics. In the standard processing scheme, 
the sum of the retort and primary combustor 
residence times was only 0.3 minutes, indicating the 
potential for very low reactor capital costs per unit 
throughput. Additionally only 14 percent of the 
residual organic matter on the retorted shales was 
combusted indicating a major process fuel surplus. 
Current programs aim to develop flowcharts to ex-
ploit these parameters. 

Major chemical and thermal characterization programs 
have been undertaken on Nagoorin South samples. 
Pyrolysis and combustion kinetics and bench scale 
pyrolysis studies have continued. In a reference 
processing scheme, a Unit H sample at 59 LTOW and 
25 mass percent surface moisture, required retorting 
and primary combustion residence times of 3.6 and 
0.2 minutes respectively.

nfl 
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GOVERNMENT 

BUSH 1991 BUDGKT REQUEST AGAIN GUTS DOE OIL 
SHALE PROGRAM 

President Bush's 1991 budget request for the Depart-
ment of Energy essentially eliminates funding for oil 
shale research and development. This continues the 
pattern of the last few years, in which the 
Republican Administration has slashed projected 
spending, which has then been restored by the 
Democratic Congress. 

The fiscal year 1989 appropriation for oil shale was 
$10.53 million.	 The administration then requested 
$1.68 million for 1990. 	 Congress ultimately raised

this to $9.13 million. The Gramm- Rudman- ilollings 
Act will result in a sequester of $0.45 million leav-
ing a functional budget of $8.68 million for fiscal 
year 1990. The president's total request for the oil 
shale program for fiscal year 1991 is $0.7 million. 

It	 is	 expected that efforts	 will be made in Congress 
to	 restore	 funding to	 near	 previous levels,	 but	 In 
the	 meantime the Department of	 Energy	 Is	 con-
strained	 from making any plans for	 an	 ongoing	 oil 
shale program.
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ECONOMICS 

PRO FINDS POWER GENERATION NOT ECONOMICAL FOR 
2,000 BPD PLANT 

Under funding from the United States Department of 
Energy, Ford, Bacon & Davis (FED) was retained by 
Western Research Institute (W RI) to complete a 
process engineering study for a 2,000 barrel per day 
shale oil production facility. This process engineer-
ing study was carried out in conjunction with other 
studies to determine the marketability of products 
derived from a small-scale western oil shale project. 
In particular, the study was targeted toward the use 
of shale oil as an asphalt blend. 

Paraho and WRI retorting technologies were used in 
the design of the plant. The FED study evaluated 
the capital and operating costs for two different 
cases. The primary case utilizes a Paraho retort for 
processing the coarse shale and a Will inclined-
fluid-bed retort for processing the shale fines. The 
second case involves the elimination of the 
inclined-fluid-bed retort, with the shale fines used 
for combustion to generate power. 

The objective of both case studies is to produce a 
shale oil of which 60 percent can be used to blend 
with conventional asphalt. This product Is expected 
to increase pavement life and has a market targeted 
at the needs of the states of Colorado, Utah. and 
Wyoming. 

Proce Deign 

The selected design conditions include an average 
shale grade of 25.8 gallons per ton and a process 
yield of 90 percent of Fischer assay. The 
material-handling system includes facilities for crush-
ing, screening, storage and feeding shale to the 
Paraho and inclined-fluid-bed retorts. Mining of the 
oil shale was not covered by the FED work. 

After crushing, all minus three inch plus three-
eighths inch shale	 Is conveyed to the Paraho 
retort-feed stock pile. This stock pile has a 
three-day storage capacity of about 12,000 tons. 
Feed shale from the stock pile Is conveyed to a 
belt elevator that transports the feed to the top of 
a single Paraho retort. 

The minus three-eighths inch shale represents 
20 percent of the raw shale fed to the system and 
is conveyed to a 750-ton-capacity bin. Shale fines 
from the bin are fed to three inclined-fluid-bed 
(IFB) retorts. The spent shale from the fF8 retorts 
is then conveyed to a 30-ton-capacity bin and fed 
to a fluid-bed combustor. The spent shale leaves 
the Ifl retorts at a temperature of 1,0000F. 

Pareto Revrt 

Minus three inches plus three-eighths inch shale is 
fed at a rate of 2,982 tons per day to a rectan-

gular Paraho retort, having a cross-section area of 
540 square feet. 

Air from a combustion-air blower is diluted with 
recycle gas and routed through headers serving the 
air-gas distributors. Recycle gas Injected into the 
bottom of the retort cools the spent shale to a 
temperature of 380 0 F. The spent shale is cooled 
from 380°F to 200°F in a shale-spray cooler using 
process water. 

Oil Recovery 

Overhead gases and entrained oil mist leaving the 
retort are cooled to 150 0F by direct contact with 
the raw-shale feed. This gas-oil mixture is com-
bined with the gas-oil effluent from the IFU retorts 
and sent to the oil-recovery faculties. 

The combined retort effluent is distributed equally 
between four nine-foot-diameter knock-out drums. A 
recycle oil spray Is installed at the top of each 
knock-out drum to help separate the aerosol mist 
from the retort gas. Approximately 50 percent of 
the oil mist is removed from the gas stream in the 
knock-out drums. The temperature and pressure In 
the knock-out drums are such that all water remains 
In the vapor phase. 

The gas leaving the knock-out drums is distributed 
to the bottom of four corresponding 14-foot-diameter 
packed columns. Most of the liquid leaving the 
knock-out drums Is cooled in a fin-fan cooler, and 
introduced at the top of the corresponding packed 
columns. The remaining liquid is sent as product to 
the run-down tank. The required liquid flow rate 
through the packed columns is determined by the 
amount of cooling required to lower the gas stream 
temperature to 120 0 F. The resultant liquid-to-gas 
mass ratio in the columns is about 0.6. The com-
bined effect of impingement against the column 
packing and contact with the cool liquid serves to 
remove about 50 percent of the remaining oil mist 
In the gas stream. 

The effluent gas from the packed columns eaten 
two two-stage electrostatic precipitators in parallel. 
Approximately 99 percent of the oil in the packed-
column gas stream is removed. 

Inclined-Fluid-Bed Retirt 

Shale fines at a rate of 746 tons per day are fed 
to three 250 ton per day IFB retorts. The IFU 
retorts, based on Western Research Institute technol-
ogy, are heated with recycle gas. The recycle gas 
enters the IFB retort at a temperature of 1,400°F 
and exits the retort at a temperature of 970 0F. As 
the shale fines are heated by the recycle gas, oil 
mist and vapor are released into the gas stream. 
Approximately 10 percent of the shale fines fed to 
the IFS retort are entrained in the retort effluent 
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gas and must be separated from the gas stream. 
Two cyclone separators placed in series, are used to 
accomplish this separation. A fin-fan cooler is used 
to cool the gas-oil mixture to 150°F before it Is 
sent to the oil-recovery system described above. 
The spent-shale fines leave the IFS retort at 1,000°F 
and are combusted In a fluid-bed combustor. 

The IFS retort represents a method to recover shale 
oil from the oil-shale fines which cannot be 
processed by the Paraho retort. The oil recovered 
from the IFB retort is generally a heavier oil than 
that recovered from the Paraho retort, thus enhanc-
ing the yield of asphalt-blend material. 

Oil Upgrading 

Recovered shale oil is sent to the oil-upgrading sys-
tem where the oil is separated into light and heavy 
fractions In a 10-stage atmospheric distillation 
column. The light-oil product stream accounts for 
approximately 23 volume percent of the oil fed to 
the column.	 This light oil will be sold to a
refinery. 

The bottoms from the atmospheric column are fed to 
a three-foot-diameter, 30-stage vacuum tower. 

Combined light oil collected from both the atmos-
pheric and vacuum distillation towers accounts for 
approximately 40 percent by volume of the shale oil 
fed to the upgrading system. The remaining 
60 percent in the vacuum bottoms stream constitutes 
the desired asphalt-blend product. Additional 
processing of the asphalt-blend product to meet 
asphalt-viscosity specifications was not treated by 
the FBD work. 

Fluid-Bed Boiler 

Spent-shale fines from the IFB retort are fed to a 
fluid-bed combustor (FBC). Air and product gas 
passing through the FBC create a fluidized bed in 
which the product gas and residual carbon In the 
spent shale are combusted. Because of the high 
limestone and dolomite content of the spent shale, 
sulfur dioxide In the combustion gases Is removed as 
calcium sulfate. 

Heat transfer from the combustion gases In the 
fluid-bed boiler is used to heat the IFS recycle gas 
to a temperature of 1,400°F. The exiting FBC com-
bustion gases pass through a cyclone separator and a 
baghouse. 

Alternative to IFB Retort 

There are two options for processing the raw-shale 
fines. The first option involves the use of an IFS 
retort to recover oil from the shale fines. The 
spent shale is then combusted to generate enough 
heat to heat the IFS recycle gas, as outlined In the 
previous discussion. 

Rather than process the mw-shale fines In the IFS 
retort, the second option considers conveying the 
fines to a one-day-capacity silo that feeds the

fluid-bed	 combustor. Energy re covered in	 the 
fluid-bed-boiler 	 system Is	 then used	 to generate 
electric power at a rate of	 13.7 megawatts which is 
In excess	 of	 the plant's needs.

This option results In the elimination of all equip-
ment associated with the IFB retort and also reduces 
the size of the gas-handling equipment. In order to 
account for the lost shale oil in the fines and to 
maintain the 2,000 barrel per day capacity of the 
plant, the raw-shale feed rate to the Paraho retort 
must be increased to 3,728 tons per day. This in-
crease in the shale feed rate necessitates a larger 
Paraho retort. 

The value of this alternate case depends on the cost 
benefit of producing electric power versus the cost 
benefit of recovering shale oil from the shale tines. 

Capital investment Cost 

Sub-total Installed-equipment costs for the material 
handling, Paraho retort, IFS retort, oil-water-
separation, oil-upgrading and fluid-bed-boiler systems 
are summarized in Table 1.	 The total installed-
equipment cost for the plant is $55 9 762 0500. This 
Installed-equipment cost does not include any equip-
ment costs associated with the mining of the oil 
shale. 

In addition to the total installed-equipment cost, an 
allowance must be made for onsite-offsite auxiliary 
facilities. These facilities Include such items as air 
compression and distribution systems, cooling-water 
systems, auxiliary buildings, roads, walkways, fencing 
and lighting. The onsite-offsite auxiliary-facility 
cost also includes the capital costs associated with 
the handling and disposal of the spent shale. 

The total fixed-capital investment consists of the 
direct-capital Investment and the indirect-capital in-
vestment plus a contingency allowance. The resul-
tant fixed capital Investment of $82,097,600, exclud-
ing any Paraho licensing fee, 	 is summarized in
Table 2. 

The total fixed capital investment for the alternate 
case is presented In Table 3. 

Operating Cost 

Fixed operating costs consist of direct labor and su-
pervision, maintenance, supplies, payroll burden, plant 
overhead, taxes and Insurance. Depreciation Is not 
Included in the fixed-operating-cost summary. it is 
estimated that about 55 employees, excluding super-
vision, are required to run the plant. 

The sum of the fixed operating costs is equal to 
$8,955,200 per year and is presented in Table 4 with 
the variable operating costs and a five percent con-
tingency to	 give a total operating cost of 
$11,091,000 per year. Operating costs associated 
with oil-shale mining have not been included. 
Operating costs for the alternate case are itemized 
in Table S.	 It should be noted that a credit of
$1,830,000 per year Is given to the net power 
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TABLE t 

INSTALLED- WJIJI PMflJT COST BREAXIXIW4 BY SUBSYSTEM 

Installed-Equipment Cost 
Subsystem	 (Mid-1989 Dollars) 

Material Handling	 4,727,300 
Paraho Retort	 30,604,800 
IFB Retort	 3,286,600 
Oil-Water Separation	 3,498,600 
Oil Upgrading	 4,504,800 
Fluid-Bed Boiler	 9,140,400 

Total Installed-Equipment Coat 55,762,500 

TABLE 2 

FIXED-CAPITAL I NVES'lMflIT

Cos t 
Cost Category	 (Mid-1989 Dollars) 

Installed Equipment 55,762,500 
Onsite-Offstte Auxiliary Equip. 12,769,600 
Spare Parts (3% Purchased Equip.) 573,600 

Direct Capital Investment 69,105,700 

Management (3% Direct Investment) 2,073,200 
Engineering (7% Direct Investment) 4,837,400 

Indirect Capital Inveatnt 6,910,600 

Contingency (8% Capital investment) 6,081,300 
Fixed-Capital Inveatnent 82,097,600 

Does not include the Paraho licensing fee 

produced. This amounts to 7.7 megawatts sold at a 
price of $0.03 per kilowatt-hour. 

FED Conclusions 

Ford, Bacon & Davis recommends that the base case 
be selected rather than the alternate ease. 

The investment	 cost for the alternate	 case	 Is about 
$14,000,000 greater than the investment cost for the 
base case. This	 difference is	 due	 largely to	 the 
expense	 of the steam	 and power generation equip-
ment.

The operating cost of the alternate case Is 
$1,858,000 per year lower than the base case. 
Given an annual discount rate of 12 percent, the 
alternate-case plant would need to operate for over 
20 years to make up for the $14,000,000 increase in

Investment cost. A twenty-year payback Is clearly 
too long to Justify selection of the alternate case 
over the base case. The Investment-cost difference 
could be reduced to some extent through the pur-
chase of used power-generation equipment, but the 
savings would still not Justify the selection of the 
alternate case. 

The inclined-fluid-bed retort in the base case ap-
pears to be the most economical method of the two 
cases presented to process the raw-shale fines. The 
shale oil recovered from the IFB and Paraho retorts 
yields a production rate of 2,000 barrels per day. 
Approximately 1,186 barrels per day is collected for 
processing as an asphalt blend, whereas the remain-
ing 814 barrels per day less 34 barrels per day for 
fuel oil needs will be collected for sale to local 
refineries. 
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TABLE 3 

F1XTh-CAP ITAL INVESTMENT
(ALTEfiNATE CASE)

Cos t 
Cost Category	 (Mid-1989 Dollars) 

Material-Handling System 5,307,000 
Paraho Retort System 30,055,000 
Oil-Water Separation System 3,499,000 
Oil-Upgrading System 4,504,000 
Fluid-Bed Boiler & Paver Generation 22,000,000 

Installed Equlpmnt 65,365,000 

Onsite-Ofisite Auxiliary Equip. 14,969,000 
Spare Parts	 (3% Purchased Equip.) 676,000 

Direct Capital lnvestnrnt 81,010,000 

Managenunt (3% Direct lnvestnent) 2,430,000 
Engineering (796 Direct Investrrunt) 5,671,000 

Indirect Capital Invest,mnt 8,101,000 

Contingency (8% Capital lnvestnent) 7,129,000 
Fixed Capital investnent 96,240,000 

Does not include the Paraho licensing fee 

TABLE 4

OPERATING COST SUWIARY 

Annual Cost 
Cost Category (Mid-1989 Dollars) 

Electric Power 1,594,900 
Water 12,800 

Variable Coat 1,607,700 

Direct Labor 1,375,000 
Supervision 302,500 
Plant Overhead 206,300 
Maintenance 3,283,900 
Operating Supplies 329,400 
Payroll Burden 996,200 
Taxes and Insurance 2,462,900 

Fixed Coat 8,955,200 

Contingency (5% Variable + Fixed) 528,100 
Total Operating Cost 11,091,000 

Does not Include the Paraho royalty or raw-shale 
costs

2-13	 SYNTHETIC FUELS REPORT, MARCH 1990 



TABLE 5 

OPERATING WST (ALTERNATE CASE) 

Annual Cost 
Cost Category	 (Mid-1989 Dollars) 

Electric Power (6 MW)	 --
Water (100 gçrn)	 14,000 

Variable cost	 14,000 

Direct Labor (65 employees) 1,625,000 
Supervision 358,000 
Plant Overhead 244,000 
Maintenance 3,850,000 
Operating Supplies 385,000 
Payroll Burden 1,173,000 
Taxes and Insurance 2,887,000 

Fixed Cost 10,522,000 

Contingency (5% Variable + Fixed) 527,000 
Total Operating Cost 11,063,000 

Electric Paver Credit 
(7.7 MW 0 $0.03/kWh) (1,830,000) 

Net Production Cost 9,233,000 

Does not include the Paraho royalty or raw-shale 
costs

ECONOMIC BENEFIT SEEN FOR INTEGRATION OF LLNL 
RETORT WITH MIS PROJECT 

Lawrence Livermore National Laboratory (LLNL) is in-
terested In seeing a scaleup demonstration of its Hot 
Recycled Solids (HRS) retorting system. One pos-
sibility would be to incorporate an HRS retort into 
the modified In situ (MIS) demonstration project 
planned at Occidental Oil Shale's C-b Tract. 

Bechtel carried out an analysis to see if there 
would be an economic benefit to incorporating an 
HRS retort into a small (23,000 barrel per day) com-
mercial project at C-b Tract based on the MIS ap-
proach. The HRS retort would be used to retort 
the oil shale removed from underground in developing 
the MIS retorts. This shale would be crushed with 
the fines being sent to a fluidized bed combustor 
(FBC) and the remainder to the HRS retort. The 
FBC Is used to combust and remove sulfur from the 
various off-gas streams as well as to burn the spent 
shale from the Has retort and to generate electrical 
power for use in the plant. 

This MRS retort consists of a pyrolyzer through 
which raw shale, together with hot-recycled-solids, 
pass In plug flow by gravity. Oil vapor and gas 
pass radially across the pyrolyzer and are collected 
and removed at several points. The retorted shale 
is conveyed pneumatically through an air lift com-

buster to a classifier, where the hot solids disengage 
from the flue gas. The hot solids fall from the 
classifier through a delayed fall combustor followed 
by a fluidized bed combustor, where essentially all 
combustibles remaining on the recycled solids are 
burned. Removal of spent shale from the FUC is 
regulated to maintain the proper level in the FBC. 
The hot recycled solids are combined with raw shale 
in a fluid bed mixer before entering the pyrolyzer. 

According to LLNL, the hot solids retort concept has 
several advantages over the hot gas retort concept: 

- Gas compression costs are significantly lower. 

- Rapid shale throughput is possible (reducing 
product degradation due to cracking). 

- Ali shales can be processed. 

- Minimal gas cleanup is required (hot gas not 
diluted with nitrogen). 

The equipment arrangement is shown in Figure 1. 

Cost Estimates 

The capital requirements and operating costs for a 
plant of this nature were estimated by Bechtel. The 
plant involves production of 23,000 barrels per day 
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of syncnide.	 This case would yield the following 
byproducts	 43 megawatts power to the grid, 
78 metric tons per day ammonia, and 23 metric tons 
per day sulfur. The case would require 22 . MIS 
retorts, one MRS retort, and four circulating fluid 
bed combustors.

TABLE 1 

CAPITAL 0)5? SUPCMRT 
($ MILLIONS, 1989) 

Iten	 Cost 

FIGURE 1 
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the capital cost (Table 1) amounts to $50,000 per 
daily barrel and does not include the sunk costs al-
ready expended in developing the C-b Tract. 

The operating costs, excluding capital related 
charges, federal royalties and income taxes, are 
shown in Table 2.

Mine 148 
Rubblizatton and Construction 35 
Utilities 17 
Paver Distribution ic 
Interconnecting Pipeway 17 
Buildings 21 
Site Preparation 17 
Mobile Equipment 7 
Tank Farm, Yard and Flare 8 
Syncrude Pipeline 11 
FIRS Retort System 32 
Fractionation 10 
Shale Preparation and Handling 7 
Control Systems 4 
Oil Upgrading Facilities 121 
MIS Process Facilities 135 
CFBC/Power Generation 162 

Total Direct Field Costs 768 

Indirect Field Costs 188 
Total Field Coats 956 

Hone Office Cost 106 
Total 1,062 

Spare Parts 7 
Sales Tax (State & County) 25 
Unallocated Support 69 

Total Project Coat 1,163 

TABLE 2 

ANNUAL OPERATING COSTS 
(;FTWJJSAND/YEAR, 1989) 

Item	 Cost 

Natural Gas	 ($2.00/IbLIBTU) 12,299 
Coal	 ($1.25/W!BTU) 9,811 
Electricity ($0.05/Mm) 0 
Diesel Fuel	 ($1.25/Gallon) 1,115 
Raw Water ($250/Ac-Ft) 361 
Chemicals 7,600 
Operating Labor 13,720 
Maintenance, Material and Labor 20,515 
Spent Shale Disposal 300 
flubblizatlon and Construction 44,324 
Mining 42,942 
Unallocated Support 25,051 

Annual Coat (1989 ;) 178,038
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Economic Analysis 

The economic analysis consisted of determining oil 
prices (in 1989 dollars) which would generate 
reasonable returns on investment. 

For the case of no real growth in oil price, a sell-
ing price of $29 per barrel is required to obtain a 
20 percent DCF/ROl under the economic parameters 
used in the analysis. 

The combination of MIS and aboveground retorting 
technologies, along with combustion of the process 
waste streams in a FBC, had already been shown to 
produce comparable economics. This latest work 
showed that when a Hot Solids Recycle retort is 
used, the economics are slightly improved. 

In order to be prepared to build a 23,000 barrel per 
day commercial plant as described, a program of

pilot plant testing of the 11511 retort, followed by an 
engineering scale demonstration project is necessary. 
According to LLNL, a 100 ton per day pilot plant 
could be built and operated at the 0th site for un-
der $20 million. A demonstration project involving 
all the elements of a commercial plant, but at about 
one-fifteenth the size, would cost between 250 and 
300 million dollars and take between seven and ten 
years to complete. 

If the demonstration project were successful in 
verifying the technical feasibility of the various 
process units and if the Bechtel projected cost es-
timates were verified, a commercial plant might be 
feasible with private financing provided world oil 
prices stabilized at or above $30 per barrel. 
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TECHNOLOGY 

MICROWAVE RETORTING OF AUSTRALIAN SHALES MAY 
SHOW PROMISE 

Research funded by Muswellbrook Energy and Minerals 
Limited, and carried out at the Microwave Applica-
tion Research Centre (MARC) of the University of 
Wollongong, New South Wales, Australia, has shown 
that shale oil of apparently better quality than con-
ventionally retorted oil can be produced in a 
microwave powered retort. Some early results were 
reported at the Fifth Australian Workshop on Oil 
Shale. The microwave product contains a higher 
proportion of lighter hydrocarbons and unsaturated 
hydrocarbons than conventionally retorted oil. 

Background 

Previous work using electromagnetic, microwave, and 
high frequency heating of shale has had the objec-
tive of reducing mining costs by heating the shale 
deposits in situ. Difficulties were found with this 
method, however, because of overheating near the 
antennas and underheating at a distance. Other 
work describing dielectric heating of shales reported 
relatively low yields (25 percent of Fischer assay). 
However, experiments on Athabasca tar sands have 
indicated other advantages of microwave heating 
over conventional heating in addition to the pos-
sibility of in situ processing. These included savings 
In the costs of transportation and waste disposal, 
and a reduction in the molecular weight of the 
microwave -processed oil. 

Researchers at MARC studied the extraction of oil 
from two Australian shales, Leigh Creek, South 
Australia, and Stuart (Kerosene Creek, Queensland), 
using microwave energy at 2,450 MHz. The objec-
tives were to identify the advantages of microwave 
processing In terms of the improved quality of the 
shale oil, and to estimate the likely processing 
costs.

carried out using a standard Fischer assay. In this 
way it was possible to obtain a direct comparison of 
the yields and compositions of the oils produced by 
conventional and microwave processing methods. 

The first microwave experiments were carried out 
using 1,300 watt Sharp microwave ovens, and gave 
an early indication that significantly different 
products could be prepared by microwave retorting. 
Heating was rapid, and if not carefully controlled, 
resulted in overheating, particularly near the outlet 
of the retort where carbon produced by cracking of 
the oil absorbed more microwave energy. Yields of 
oil were correspondingly low. Development of an 
improved microwave processing method by MARC 
enabled the shale to be evenly heated. The yields 
obtained using this processing method are compared 
with Fischer assay yields in Table 1, using identical 
heating rates.	 The microwave oil yields were ap-



proximately equal to the Fischer assay yields. 

Gas yields were somewhat higher than for Fischer 
assay. Detailed gas component analyses were similar 
to those from Fischer assay except for slightly 
larger percentages of carbon monoxide and hydrogen 
in the microwave product. 

Gas chromatographic analyses carried out on the oils 
showed that the microwave oils have a relatively 
greater content of lighter hydrocarbons than the Fis-
cher processed on. This was a consistent feature 
of microwave retorted oils, including larger scale 
experiments carried out at the Coniston laboratory, 
where 0.5 liters of shale oil were produced from 
Leigh Creek shale. 

There Is also a higher content of unsaturated 
hydrocarbons in the microwave oils. 

Implicaticma 

According to the MARC researchers,	 microwave 
Experimental 	 retorting produces a lighter oil than that obtained 

by conventional (Fischer assay) heating. 	 This might 
Shale samples were crushed and sieved to a three to 	 be explained in terms of the microwave heating 
six millimeter size range. 	 Retorting was first	 mechanism In which water molecules, polar molecular 

TABLE 1

OIL YIElDS FROM MICROWAVE, 
AND Fl 5(EER ASSAY PffiXSS) SHALES 

Shale Oil Water Spent Shale s+Loss 

Stuart	 (Fischer) 13.37 9.59 72.27 4.77 
Stuart	 (MIcrowave) 12.87 8.37 73.05 5.76 
Leigh Creek (Fischer) 7.33 3.54 84.46 4.67 
Leigh Creek (Microwave) 8.09 6.81 79.54 6.77

2-17	 SYNTHETIC FUELS REPORT, MARCH 1990 



groups, and certain minerals in the shale interact 
directly with the microwave field to produce selec-
tive heating and rapid molecular motion, possibly 
leading to altered kinetics and the evolution of dif-
ferent products. Apart from the production of a 
lighter oil, MARC says there are other advantages of 
microwave processing. 

Because microwave energy penetrates into the center 
of relatively large lumps of shale (several cen-
timeters) some grinding costs could be saved. 
Economic benefits are also associated with reduced 
residence time, and selective heating of the shale 
minerals, and kerogen. A further possible advantage 
of microwave processing is the removal of 
heteroatoms such as nitrogen and sulfur. However, 
the main economic benefit is in the added value of 
the microwave retorted oil, which has a greater 
proportion of the	 lighter and more	 valuable
hydrocarbons than conventionally retorted oil. 

An estimate of the microwave power costs was made 
using data from the Coniston experiments, and assum-
ing that heat from combustion of the spent shale is 
used to preheat the raw shale to 300 0 C. If power 
is available at six cents per kilowatt-hour, a figure 
of $4.50 per tonne Is obtained. This figure would 
be expected to be reduced further in a larger scale 
microwave retort where microwave losses would be 
lower than in laboratory scale experiments. 

USBM SUMMARIZES FIRE AND EXPLOSION HAZARDS OF 
OIL SHALE 

A new United States Bureau of Mines (USBM) publi-
cation, RI-9281, summarizes the results of investiga-
tions into the fire and explosion hazards of oil shale 
rocks and dust. Three areas have been examined: 
the explosibility and ignitability of oil shale dust 
clouds, the fire hazards of oil shale dust layers on 
hot surfaces, and the ignitability and extinguishment 
of oil shale rubble piles. 

011 shale can present a safety hazard to those in-
volved in its mining, processing, or stockpiling. In 
mining and processing, oil shale dust is generated, 
dispersing in the air and depositing on equipment 
surfaces. A sufficiently high concentration of oil 
shale dust in the air can propagate an explosion if 
a strong ignition source is present. Oil shale dust 
on the surfaces of equipment can undergo combustion 
If the temperature of a surface Is sufficiently hot. 
Large quantities of oil shale, in stockpiles for ex- 
ample, represent another fire hazard, if ignited spon-
taneously or by an outside ignition source. 

As part of its program to improve personnel safety 
in the minerals industry, the United States Bureau of 
Mines examined these aspects of oil shale mining in 
order to establish criteria for safety.

ExploelMlitj and Ignitabuity of Oil Shale Dust 
Clouds 

The IJSBM investigated the explosion hazards of fine 
and coarse oil shale dust clouds. Six grades of fine 
dust with varying oil assay (20 to 55 gallons per 
ton) but with similar size distributions were studied 
in a 20-1 explosibility chamber and a 1.2-1. ig-
nitability furnace. Also studied was a coarse oil 
shale dust with an assay of 33 gallons per ton. For 
comparison, Pittsburgh Seam bituminous coal, gil-
sonite, sulfide ore, and anthracite coal were also 
tested. 

The lean limits of flammability varied inversely with 
oil assay, and all grades of the fine shale dust were 
capable of generating explosions at concentrations 
above their respective lean limits. However, even 
the 50-gallon per ton fine shale dust was less haz-
ardous than a similar size of Pittsburgh bituminous 
coal dust in the 20-1 chamber tests. The coarse 
shale dust had a much higher lean flammable limit 
and a lower maximum pressure and rate of pressure 
rise than the similar-assay fine shale dust. The 
shales were at least an order of magnitude less ig-
nitable by electric sparks than the bituminous coal. 
The shale dust clouds were, however, somewhat more 
easily ignited thermally than the coal. 

There are two aspects to the explosion hazard of 
dusts. One Is related to the probability of having a 
flammable volume of dust dispersed in air. To 
evaluate this hazard, it Is necessary to measure the 
lean concentration limit of flammability for the dust 
and to compare that number with the actual dust 
loading in the mine volume. The second aspect is 
related to the probability of igniting the flammable 
dust cloud. To evaluate this, the minimum thermal 
autoignition temperature and minimum ignition energy 
can be measured. If both a flammable dust cloud 
and a sufficiently strong ignition source are present, 
an explosion will occur, and the explosion pressure 
and rate of pressure rise will provide a measure of 
the severity of the explosion. 

Autthgnitlai Temperatures 

Some of the thermal autoignition data for the fine 
oil shale and Pittsburgh coal dusts are shown in 
Figure 1. The areas above and to the right of the 
curves represent the combinations of temperatures 
and dust cloud concentrations that will thermally 
autoignite in the 1.2-1 furnace. The areas below 
the curves represent combinations that will not ig-
nite thermally, although dusts in this region might 
deflagrate if initiated by a point ignition source 
such as a spark or chemical match flame. Both the 
low-grade (20- to 23-gallons per ton) and high-grade 
(50- to 55-gallons per ton) oil shale have slightly 
lower minimum autoignitlon temperatures (AlT) than 
the Pittsburgh coal dust. (The AlT is sometimes also 
referred to as the "cloud ignition temperature.") 
The rich oil shale reaches its minimum MT at about 
the same concentration as the Pittsburgh coal, but 
the 20- to 23-gallons per ton shale reaches its mm-
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imum AlT at a significantly higher concentration. 
The minimum AITs, 475 0 to 500 0 C, measured for oil 
shales in the 1.2-L furnace are significantly lower 
than the 5600 to 620 0 C minimum AITs reported pre-
viously for the shales in the Godbert-Greenwald fur-
nace. 

FIGURE 1 
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Oil shales have minimum AlTs similar to that of gil-
sonite, somewhat lower than those of Pittsburgh coal 
and sulfide ore. Anthracite coal dust has a much 
higher AlT of 6750C. 

The minimum ALT for the coarse oil shale is 525°C, 
only slightly higher than that of the fine shale. 
However, the minimum AlT is reached at a much 
higher concentration for the coarse-size shale. 

ignition Energies 

The minimum spark ignition energies for the fine oil 
shales were measured at room temperature in the 
1.2-1. furnace and 20-L chamber. The minimum igni-
tion energy is generally observed to be apparatus 
dependent because it is a function of the turbulence 
level generated by the dust dispersion process as 
well as the circuit efficiency for transferring stored 
electrical energy Into the gas In the spark gap. 

Even the richest oil shale tested is at least an or-
der of magnitude more difficult to ignite than the 
Pittsburgh coal, which is itself somewhat more dif-
ficult to ignite than gilsonite. The 42-gallon per 
ton shale could not be Ignited at ambient tempera-
ture by the strongest spark available (1 to 2 J ef-
fective energy).	 At above-ambient temperatures of 
100 0 to 200 0C, this shale could easily be Ignited by 
the 1- to 2-J spark. The 23-gallon per ton oil 
shale could be ignited only with a very strong 
chemical igniter.

Explosibility Lean Limits 

The dust explosion data from the 20L chamber for 
the fine oil shale and the comparison dusts are 
shown in Figure 2 as a function of dust concentra-
tion. The pressure rise rate is shown as well as 
the maximum explosion pressure ratio. The explosion 
pressure ratio is the maximum explosion pressure 
divided by the pressure at ignition. The criteria 
used to define the lean flammability limit (also 
known as the minimum explosible concentration) are 
a pressure ratio of two and a pressure rise rate of 
5.4 atmospheres per second. A pressure ratio of 
two corresponds to a pressure rise of approximately 
one atmosphere above the pressure at ignition. 

For the dusts shown in Figure 2,	 Pittsburgh
bituminous coal dust has the lowest lean limit and 
highest maximum explosion pressure. The 50-gallon 
per ton oil shale has a higher lean limit concentra-
tion and significantly lower maximum pressure than 
the Pittsburgh coal. The lower assay oil shales have 
progressively higher lean limits and lower maximum 
pressures. 

FIGURE 2 

EXPLOSIBILITY DATA 
FOR OIL SHALE DUSTS 
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Explosuhilty Conchnsd ons 

The fundamental conclusion reached by the Bureau 
with respect to explosibility and ignitability is that 
fine oil shale dusts with Fischer assays of 20 gallons 
per ton or greater are a potential explosion hazard 
and that even relatively coarse sizes of such dusts 
can propagate an explosion if the dust concentration 
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is high enough. However, measurements have shown 
that, with current mining practices, the accumulated 
dust levels in oil shale mines are well below that 
required to propagate an explosion if the dust were 
dispersed. Recent measurements have shown that 
during blasting operations there may be pockets of 
higher dust concentration near the face that could 
result in some localized burning of oil shale dust. 
However, there Is not enough dust generated during 
blasting to cause large-scale propagating explosions. 
If methane were present In the mine in addition to 
the oil shale dust, however, the potential hazard 
would be increased. 

In surface facilities that process, grind, or 
benefielate oil shale, the concentrations may exceed 
the minimum explosible concentrations (lean limits). 
Therefore, these facilities should be evaluated for 
potential explosion hazard on a case-by-case basis. 

Fine 50-gallon per ton oil shale dust is only slightly 
less hazardous than a similar size of Pittsburgh coal 
In terms of its lean flammability limit concentration 
and the explosion pressures generated, but It Is at 
least an order of magnitude more difficult to ignite 
with an electric spark. For the fine shale, the 
lowest assay that could propagate an explosion was 
20 gallons per ton. Sulfide ore, which has a history 
of secondary dust explosions during blasting in mines, 
Is comparable in explosion hazard to the lower grade 
oil shale. 

Hazart of Dint Layers a' Hot Surfaces 

The mining and processing of oil shale produces a 
combustible dust In underground mines and 
aboveground facilities. This dust settles on available 
surfaces in layer-like fashion. Some of these sur-
faces can be hot, such as the surfaces of engines, 
exhaust lines of diesel equipment and of electrical 
enclosures. If the temperatures of such surfaces are 
sufficiently high, various exothermic reactions, includ-
ing combustion, can occur in the oil shale dust 
layers.	 The Ignition of an oil shale layer In this 
manner could result in fire. Also, if a flammable 
gas atmosphere is present, as Is possible in some 
deep oil shale mines, an explosion might ensue. 

In coal mines and In gassy noncoal mines, federal 
regulations mandate the maximum permissible tem-
peratures for various surfaces. As an example, in 
coal mines, the maximum temperature of the external 
surfaces of exhaust systems of diesel mine locomo-
tives is limited to 204 0 C. Similarly, the temperature 
of any external surface of the engine or exhaust 
system of mobile diesel-powered transportation equip-
ment for gassy noncoal mines is also limited to 
204 0C. For permissible electrical enclosures and 
mechanical components in coal mines, the surface 
temperature is not allowed to exceed 150 0 C, under 
normal operating conditions. The National Electrical 
Code (NEC) states that the maximum temperature in 
noncoal mines shall be less than the ignition tem-
perature of the specific dust. 

In order to evaluate the hazards of oil shale dust 
layers on hot surfaces, the Bureau determined the

minimum hot-surface ignition temperatures of a 
graded series of oil shale dusts and assessed the 
fire and explosion hazards associated with the com-
bustion process. 

Minimum Hot-surface Ignition Temperatures 

Fine oil shale and coal dusts were tested in 10-
centimeter-diameter layers with the following nominal 
thicknesses: 6.4, 12.7, and 25.4 millimeters. In ad-
dition, the 33-gallon per ton oil shale was tested in 
a layer that was 38.1 millimeters thick and 
12.7 centimeters in diameter. The coarse samples 
were tested in only a few selected layer thick-
nesses. Ali the experimental data were obtained in 
the form of temperature-time histories of the 
hotplate surface and of the dust layer at its 
geometric center and at its surface. 

The minimum hot-surface ignition temperatures 
decrease In an orderly fashion with increasing oil 
shale richness for the fine oil shale dusts with 
similar particle size distributions (Figure 3). The 
greater amount of kerogen in the richer oil shales 
and the larger amount of volatiles released by them 
at a lower temperature during decomposition combine 
to generate more heat during air oxidation. 

FIGURE 3 

MINIMUM HOTPLATE SURFACE
IGNITION TEMPERATURES 

400	 I	 I	 I	 I 
o	 KEY •	 'I 

350 -	 • Pittsburgh coal 
jj	 'q	 £ ZOgol/ton 

• 33 gal/ ton 
50 gal ton 

250-
z 0

200 - 
9

50	 I	 I	 I 
0	 5	 10 15 20 25 30 35 40

LAYER THICKNESS, mm 

The other systematic change in the minimum hot-
surface ignition temperatures of all the tested dusts 
related to layer thickness (Figure 3). The minimum 
hot-surface ignition temperatures decreased with in-
creasing layer thickness. The ignition process on 
the hotplate Is very sensitive to heat loss, and any 
provision that decreases heat loss aids the process. 
The thicker layers reduce heat loss from the layer, 
and the result is a lower ignition temperature. 

Long-duration hotplate tests, In which the hotplate 
surface temperature was initially lower than the mm-
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Imum ignition temperature but then was slowly raised 
to temperatures that were much higher than the 
minimum ignition temperature, failed to ignite the 
samples. Whatever the events that take place when 
the oil shale dusts undergo prolonged heating at 
temperatures lower than their minimum ignition tem-
peratures, somehow they become more resistant to 
additional, and more energetic, thermal stimuli. 
These results indicate an increase in relative safety 
for dust layers accumulating slowly over long periods 
of time on hot surfaces. 

The minimum hot-surface ignition temperatures for 
the coarse 33-gallon per ton shale and coal samples 
were greater than 400 0 C. The exact values were 
not determined because they were greater than the 
highest temperature the hotplate could attain. In 
comparison, the minimum hot-surface ignition tem-
peratures for the 12.7-millimeter-thick layers of the 
fine 33-gallon per ton shale and coal dust were 
260 0 and 240 0 C, respectively. 

Tests were also carried out in flammable atmospheres 
to determine if the temperatures attained by the hot 
dust	 layers	 were	 sufficiently	 high	 to ignite 
methane-air flammable mixtures. 	 The tests were
conducted so as to create favorable conditions for 
Ignition of a gas mixture. The 12.7- and 25.4-
millimeter thick layers of 50-gallon per ton oil shale 
and coal dusts were placed on a 350 0 to 390 0 C hot 
surface, and airflow was then directed over the 
layers to promote glowing combustion. These Ignited 
layers, with areas of glowing particles ranging from 
25 to 50 millimeters In diameter, did not ignite 
methane-air atmospheres that were then introduced 
Into the enclosure.	 Instead, the flammable atmos-



pheres reduced and dimmed the glow. 

Surface Dust Hazard Ccmchzsiais 

The fire hazards of oil shale dust layers on hot, sur-
faces with temperatures up to 400 0 C are those as-
sociated with smoldering and glowing combustion. In 
locations where such hazards are unacceptable, the 
maximum surface temperature of all equipment should 
be at least 10° to 20 0 C lower than the minimum 
layer ignition temperature of the dust. As 
demonstrated in the USAM study, the minimum hot-
surface ignition temperatures of oil shale dust layers 
vary significantly with kerogen content, particle size, 
and layer thickness, and therefore these parameters 
should be considered when specifying maximum sur-
face temperatures. 

Federal standards for underground mines that operate 
within a combustible ore body and liberate methane, 
and In which a concentration of 0.25 percent or 
more of methane has been detected or ignition of 
methane has occurred, require that all electrical and 
Internal-combustion-powered equipment used in or 
beyond the last open crosscut be approved by the 
United States Mine Safety and Health Administration. 
This would limit the maximum surface temperatures 
of electrical and mechanical equipment to 150 0 C and 
of the external surfaces of exhaust systems of 
diesel-powered equipment to 204 0C, as In coal mines. 
These temperatures are less than or near the 2000C

minimum hot-surface Ignition temperature determined 
for 25.4-millimeter-thick layers of fine, 50-gallon 
per ton oil shale dust. The Implementation of these 
surface temperature limits in underground gassy oil 
shale mines should prevent the ignition and smolder-
ing combustion of oil shale dust layers in all but 
the richest shale deposits (>50 gallons per ton). 

FianimaNlity and Spontaneous Combustion of Coarse 
Oil Shale 

Unplanned fires are a constant threat to the 
economic well-being and personnel safety of or-
ganizations that mine, process, or stockpile combus-
tible materials such as oil shale and coal. Acciden-
tal fires have occurred In underground oil shale 
mines as a result of the ignition of retort gases, 
methane, and liquid fuels. Fires in surface facilities 
have occurred in crushers, in the vicinity of retorts, 
and in stockpiles or wastepiies. The fire hazard In 
oil shale mines Is likely to be less severe than in 
coal mines or coal processing plants, but the quan-
tity of material to be handled Is so large that fires 
In oil shale mining operations are almost inevitable. 

Those instances in which spontaneous combustion or 
self-heating of oil shale is thought to have occurred 
have been in large outdoor stockpiles where the 
source of heat is the sun and where wind and 
precipitation may play important roles. 

Over 250 tons of Colorado oil shale was shipped to 
the Lake Lynn Laboratory for fire tests. From this 
tonnage, four piles were constructed against a lime-
stone highwall, and dirt was filled at the ends to 
simulate a section of a large rubble pile blasted 
from a face or dumped over the edge of a large 
storage pile (Figure 4). The oil shale, as received, 
assayed about 35 gallons per ton, and ranged In size 
from <1 to 10 Inches.

FIGURE 4
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During formation of each test pile, a number of 
sheathed thermocouples were inserted. These were 
subsequently used to monitor temperatures at various 
locations in the pile. 

In an effort to provide additional information on the 
fire hazards of oil shale, personnel at the Bureau's 
Lake Lynn Laboratory performed suppression experi-
ments on burning oil shale rubble piles to evaluate 
procedures found effective for extinguishing coat and 
wood fires. 

The	 oil	 shale	 rubble fires were ordinarily Ignited 
with	 20	 gallons	 of diesel fuel contained in	 two 
2-foot	 by	 7-foot	 by 4-inch deep trays embedded in 
the	 toe	 of	 the	 piles. The diesel fuel	 was ignited 
by	 the	 flame	 from a small pouch of	 black powder, 
which	 was	 initiated from	 a remote	 location	 using 
electric	 matches. 

A number of different extinguishing agents were used 
in the fire suppression activities: 

- Ansul Protein Foam--A high-density foam con-
taming hydrolyzed protein; 

- Ansulite--An aqueous film-forming foam con-
taining a fluorosurfactant; 

- DAP--Diammonlum phosphate; 

- MSA General-Purpose Foam--A foaming agent 
based on alky-aryl sulfates and alcohol, used 
with both high- and low-expansion nozzles; 

- MSA Ultrafoam--A foaming agent containing a 
variety of surfactants and a biodegradable 
detergent; and 

- Water, 

Ordinary water,	 or water with additives that 
decrease the surface tension,	 yields a better
penetrating quality than that normally obtained with 
a foam. Since in some mine fire situations a vast 
supply of water may not be readily available to 
fight a fire and since in some instances it Is neces-
sary to control the spread of surface flames, sup-
pression with foams was included in the test 
program. 

Twenty gallons of fuel oil was more than adequate 
to Ignite the oil shale rubble fires. Other experi-
ments conducted by the Bureau Indicate that as 
little as one-half gallon (1.9 L) of fuel oil is ade-
quate for ignition of sustained combustion in oil 
shale. Thus, while ignition from low-temperature 
sources Is apparently difficult to accomplish, ignition 
from high-temperature sources Is easy.

It	 was	 found that	 large	 piles of coarse	 oil	 shale 
could not be ignited	 or	 caused to sell-heat with a 
long-duration, low-temperature	 heat source.	 Failure 
to ignite was attributed to the low sell-heating ten-
dency of	 oil shale,	 particularly in large	 lumps,	 and 
the	 high	 energy losses	 caused by wind	 and	 rain.

However, the possibility of spontaneous combustion in 
oil shale stockpiles cannot be ruled out, especially 
in the presence of fires. Any source of flaming 
combustion must be regarded as a potential ignition 
source. 

Once ignited, oil shale rubble pile fires become in-
creasingly difficult to extinguish as the fire 
progressed into the deeper recesses of the pile. 
Foam blankets were not particularly effective in 
suppressing these fires because their short lifetime 
did not allow any significant reduction in heat gen-
eration by oxygen deprivation. Low-density foams 
had better adhesion characteristics and longer life. 
They would be appropriate for controlling surface 
flames and preventing the spread of fire to unburned 
portions of rubble piles and possibly the roof and 
ribs of underground mines. 

In general, water was effective in extinguishing 
deep-seated oil shale fires but not particularly effi-
cient. it took up to 1.7 times as much water to 
extinguish a fire as anticipated on the basis of a 
simple cooling model. 

One foam-liquid combination, DAP dissolved in water, 
appeared promising.	 The foam selected, however, 
should have a significantly long lifetime. 	 Whether
such a foam can be identified is not clear. 

Based on these tests, the Bureau says that the best 
approach to fighting oil shale fires would be to use 
a low-expansion foam to control surface burning and 
flame spread, and water or a solution of PAP in 
water to attack the deep-seated portions of the 
fire. Experience showed that the pile temperatures 
must be lowered to about 100 0 C to prevent reigni-
tion. Since this is the boiling point of water, the 
disappearance of steam is a good indicator that the 
fire is out, 

COLUMN FLOTATION PROVES EFFECTIVE FOR ALABAMA 
OIL SHALE 

The Mineral Resources Institute (MRI) of the Univer-
sity of Alabama is engaged in a research program 
whose overall objective is to develop a system for 
the beneficiation of eastern oil shales. Within that 
broad objective, specific objectives are to determine 
the potential of column flotation relative to conven-
tional flotation, and to identify the critical design 
and operating parameters in column flotation. 

Progress to date in the program was discussed at 
the 1989 Eastern Oil Shale Symposium held in Lexi-
ngton, Kentucky in November. 

Column flotation tests were performed on Devonian 
shale samples from Alabama, Indiana, Kentucky, Ohio, 
Michigan, and Tennessee. All samples tested required 
ultrafine grinding to yield acceptable products. They 
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did, however, show distinctive differences in their 
behavior in flotation.

The grade-recovery curves for the different oil 
shales are shown together in Figure 1. 

Column Flotation Cell 

The lift! laboratory column is 7.62 centimeters inter-
nal diameter and 109 centimeters high. It is made 
from	 lucite	 tubing	 and	 is	 fitted	 with	 a 
5.1 centimeter diameter fritted gloss air sparger. 

Data	 from column	 flotation tests	 are presented in 
the	 form of	 grade	 versus recovery curves. In-
dividual	 points	 on	 the	 curve	 represent different air 
flow	 rates while	 all	 other operating conditions are 
fixed.

Conventional (mechanical cell) flotation tests were 
also performed in a Denver laboratory flotation cell 
equipped with motor driven froth paddles. Grade 
recovery curves for conventional flotation represent 
the froth product from the rougher stages and suc-
cessive stages of froth cleaning. 

Operating the column cell in a continuous mode al-
lowed independent evaluation of such operating 
parameters as pulp height, percent solids and wash 
water rate. 

In a series of early tests an attempt was made to 
Improve column performance by providing increased 
residence time. Residence time was increased by 
increasing the height of the pulp-froth interface, 
and hence, working volume at a constant feed rate. 
While the oil recovery did increase (at any given air 
flow rate) there was a more significant decrease in 
the oil content of the concentrate. The net result 
was an overall more favorable grade-recovery 
relationship with the pulp-froth interface at the 
lower level. 

The effect of wash water rate at constant solids 
content was tested and showed, as expected, that 
increased wash water rates produced a higher con-
centrate grade but at considerable sacrifice in oil 
recovery. 

Compartsai of Eastern Shales In Column Flotation 

Samples of oil shales from Alabama, Kentucky, In-
diana, Michigan, Ohio and Tennessee were individually 
ground and tested in both conventional and column 
flotation. 

Conventional flotation tests were performed with 
four to five stages of cleaner flotation following a 
rougher-scavenger stage. 

Column flotation tests were performed at baseline 
conditions and with frother concentrations of 30 and 
45 ppm of Dowfroth 250. 

In the ease of the Kentucky shale, the mechanical 
cells yielded results superior to those attained with 
the column cell operating at baseline conditions. In 
an other cases the data showed that a single stage 
of column flotation is at least equal to four or 
more stages of conventional flotation.

This figure clearly Illustrates the difference in be-
havior of the various shales in flotation. The 
Alabama shale shows the most favorable response to 
flotation and the Ohio shale the least favorable. In 
part, the liftl researchers believe the performance of 
the Alabama shale may be the result of a slightly 
finer size distribution than the others. 

FIGURE 1 

THE EFFECT OF COLUMN HEIGHT 
AND FEED INLET POSITION 

50 

2

40 

cc

a 

C 
C 

O 30 'U

20 
z 
0

10

 C,

40 50 60 70 80 90 100
OIL RECOVERY (%) 

o COLUMN HEIGHT 43 IN FEED INLET 25 In. 

£ COLUMN HEIGHT 53 In., FEED INLET 25 In. 
• COLUMN HEIGHT 53 In., FEED INLET 35 In. 

Optimization Tests 

Recently a new column cell was built in the MRI 
laboratories. The new column Is built in sections to 
permit variations in height and in feed inlet posi-
tion. The variable height configuration makes it 
possible to investigate pulp height and froth depth 
independently. 

A series of tests was performed with the variable 
height column to gain insight into the effect of 
feed position and to assess the effect of Increased 
column height.	 First, the feed inlet was raised 
while all other conditions were held constant. The 
increased height of the feed position resulted in in-
creased recovery in the froth phase with slight 
decrease in concentrate grade. There was however, 
distinct improvement in the overall grade-recovery 
relationship. 
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Figure	 2	 compares	 the	 base	 case with	 observations The	 results	 do	 indicate a	 need	 for	 more	 focus	 on 
made	 with	 the	 column	 height	 at 55	 inches.	 Both flotation	 chemistry and flocculation-dispersion	 effects 
grade	 and	 recovery	 are	 markedly improved	 by	 the in future	 investigations. 
increased	 column	 height	 while	 the effect	 of	 raising 
the feed position is	 obscured.

4*fl 
To date,	 MID has	 concluded that there is	 a	 benefit 
in	 operating at	 lower than normal pulp levels and in 
introducing feed into the froth phase.	 Figure 2	 in-
dicates that column height may be a dominant design PAVING QUALITY BITUMEN PRODUCED FROM RUNDLE 
factor.	 It	 should	 be	 noted	 that in	 those	 cases	 the SHALE 011.
increased column height was devoted entirely to an 
increase in the froth column. 

FIGURE 2 

COMPARISON OF GRADE
RECOVERY CURVES FOR THE 

SIX EASTERN OIL SHALES STUDIED 
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Research carried out in the Department of Fuel 
Technology, University of New South Wales, Ken-
sington, New South Wales, Australia has demonstrated 
that bitumens can be prepared from Rundle shale oil 
that compare with a petroleum derived bitumen in 
penetration and temperature susceptibility. Although 
ductility is not as high as for petroleum bitumens 
the values obtained with some of the modified shale 
oil bitumens were encouraging. This work was 
reported at the Fifth Australian Workshop on Oil 
Shale. 

Most of the bitumens used in the world today are 
produced from petroleum sources. The processes 
used in their production include vacuum distillation, 
solvent extraction, cracking and air blowing. These 
materials are used as binders in the construction of 
modern roads. They have high molecular weight, low 
volatility, high viscosity and consist predominantly of 
carbon and hydrogen. The rheological properties are 
of paramount significance and when used as a binder 
there are two main criteria to be met: 

- The binder must deform without rupture to 
resist thermal or other stresses. 

It must recover elastically and not by plastic 
flow from deformation to absorb shock loads. 

In addition It must be durable and capable of meet-
ing the two rheological criteria for many years. 

The work reported by the University of New South 
Wales has concentrated on comparing bitumens 
produced from shale oil residues with a typical as-
phalt produced from a Middle East source. It is not 
essential that the next generation of road-making 
binders be the same as those currently produced 
from petroleum sources but the closer the 
resemblance the more conveniently they would fit 
Into accepted utilization technology. 

Bitumen from Shale Oil 

Vacuum residual oil from Rundle shale oil, prepared 
by vacuum flashing at 280 0C and 9.9 kPa, was used 
as the base stock for the study. A petroleum 
derived bitumen, Khafgl, was used for comparative 
tests. 

Standard tests for specifying the theological 
properties of road making bitumen were carried out 
on both stocks. These tests included penetration, 
ring and ball softening point temperature, and duc-
tility. 

It was also shown that, in most cases, a single 
stage of column flotation is at least equal to mul-
tiple stages of conventional flotation. MRI believes 
that the apparent advantage of column flotation over 
conventional flotation can be even further enhanced. 

A distinct difference was shown in the flotation be-
havior of the six shales. This may be attributable 
to a difference in the liberation characteristics of 
the various shales. Another possibility is that in 
certain instances there may have been a flocculated 
condition In which the kerogen rich particles are 
slime coated by clay minerals. This would result in 
a decrease in concentrate grade and kerogen 
recovery.
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Air blowing of some of the Rundle samples was 
carried out to modify the physical properties. 

Both stocks were solvent extracted to provide three 
fractions,	 Asphaltenes (A),	 Polar and Naphthenic 
Aromatics (PNA) and Maltenes (M). Testing showed 
that waxy material was present in the Maltene frac-
tion of the Rundle bitumen and this was removed in 
a subsequent extraction step. 

The effect of blending to vary the proportion of as-
phaltenes in the Rundle bitumen was also examined. 

Bitumen binders need to be low in wax. At low 
temperatures wax tends to establish a separate solid 
phase while at higher temperatures it melts, forming 
low viscosity liquid which may separate from the 
rest of the binder. Anomalous behavior is therefore 
exhibited by high wax content bitumens with respect 
to temperature and invariably samples are very low 
in ductility.	 As shown in Table 1, a large amount 
of wax was present in the raw Rundle oil. 

TABLE 1 

sOLymr EXTRACTION YIELDS
(Weight Percent) 

Asphaltenes	 .L!tiLU 
Rundle	 22.5	 77.5	 20.2 
Khafgi	 26.5	 73.6	 2.0

The level of asphaltene content in the binder is 
significant and the data In Table 2 show that 
13 percent is too low, giving a very soft material. 
However this material can be hardened either by air 
blowing or by mixing with a higher asphaltene con-
tent material. An increase in the asphaltene con-
tent is shown to produce n binder with a higher 
ductility. 

The effect of temperature on the penetration of the 
bitumens is shown in Figure 1 where log penetration 
is plotted against temperature. Air blowing hardens 
the Rundle bitumen and increasing the asphaltene 
content has a similar effect. The temperature sus-
ceptibility may be altered, although all samples ap-
peared to have similar temperature response charac-
teristics. 

Table 3 shows number average molecular weights 
calculated from gel permeation chromatography data 
and shows similarity between equivalent samples. 

In summary, the researchers have shown that the 
properties of the bitumens produced from Rundle 
shale oil can be modified by a series of processing 
steps that include vacuum distillation, dewadng and 
air blowing. It appears that products can be made 
that have similar rheological properties to a 
petroleum derived bitumen in that they satisfy the 
two main criteria. Further work is needed to assess 
the durability of the materials mode. 

TABLE 2

RIIflAXIICAL PROPERTIES 

Penetration S.P. (R&D) Ductility 
25 0C	 °C	 c,ns 

Rundle 280 0 C Residue too soft 41.5 0 
Rundle 13.3%A dewaxed too soft 34.0 6.8 
Rundle 13.3%A dvaxed, blown 87.0 46.0 6.9 
Rundle 24%A dewaxed 57.2 48.8 39.5 
Petroleum Bitumen 88.0 48.5 +100
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TABLE 3 

FIGURE 1 

EFFECTS OF 
DEWAXING AND BLOWING

ON BLENDED RUNDLE BITUMEN 
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A Rundle 280C - Dewexed blended 13.31 Aspheltenes with 
86.7% )telt.n.s + flA'S 

O Rundle 280'C - Dewexed blended 13.3% Aspheltenes with 
86.7% Heltenes + PHA'S. and blown 30 minutes 

• Rundle 280C - Dow exed blended 24% Asphett.nes with 
761 Meltenes + FHAS 

I Petroleum C 170 Bitumen

NUMBER AVERAGE MOLECULAR wEuhIrs 

M.W. 

Rundle 280 0 Residue 804 
Rundle M + PNA 430 
Rundle M + PNA (dewaxed) 389 
Rundle Wax 778 
Khafgi Bitumen 833 
Khafgi M + PNA 400

EXXON PATENTS ARSENIC/SELENIUM REMOVAL METHOD 
FOR SHALE Oil, 

United States Patent 4,853,110, "Method for Separat-
ing Arsenic and/or Selenium from Shale Oil," issued 
to G. Singhal,	 at al,,	 and assigned to Exxon 
Research and Engineering Company, concerns a 
method for separating certain catalyst poisoning im-
purities, contaminants and/or environmental pollutants 
from carbonaceous fluids such as shale oil. 

In general, the prior art processes involve passing of 
the fluid through a fixed bed of material that will 
remove the Impurity either by absorption thereof 
onto a solid or by reaction therewith. Materials 
which will react with catalyst poisoning impurities, 
such as arsenic and selenium include the oxides and 
sulfides of various metals, particularly the iron group 
metals such as iron, nickel and cobalt. 

While the prior art processes have been reasonably 
effective In separating arsenic and selenium from 
carbonaceous fluids, care must be exercised to 
prevent a breakthrough of catalyst poisoning im-
purities when the bed has reached Its reactive 
and/or absorbent limit. Continuous operations require 
a plurality of fixed beds and the spent beds must 
be replaced since they are not generally subject to 
regeneration. Moreover, these processes are not 
particularly effective for processing shale oils which 
may contain significant concentrations of fines due 
to irreversible plugging of the beds. 
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Summary of the Exxon invention 

Exxon states that the foregoing disadvantages of the 
prior art processes can be avoided by Incorporating 
• metal complex, an organometalllc compound and/or 
• metal salt or an organic acid which complex, 
compound or salt Is soluble in the oil being treated. 
The material Is one which will either decompose to 
the corresponding metal oxide and/or metal sulfide 
or which can be easily converted to the correspond-
ing metal oxide and/or metal sulfide. The process 
consists of then converting the soluble metal com-
pound to the corresponding metal oxide and/or metal 
sulfide and thereafter bringing the carbonaceous fluid 
to - conditions at which the catalyst poisoning im-
purities will react with the metal oxide and/or metal 
sulfide. The reacted catalyst poisoning Impurity may 
then be separated, as a solid, using conventional 
means. The reaction will be accomplished in an In-
ert or reducing atmosphere and at an elevated tem-
perature. 

In general, any metal complex, organometallic com-
pound or metal salt of an organic acid which Is ap-
preciably soluble in the carbonaceous fluid at the 
conditions of use may be used. The metal may be 
selected from the group of metals consisting of 
Groups VI-A and VIII-A of the Periodic Table. 
Suitable metal compounds which may be used Include: 
metal complexes such as the heteropoly acids, e.g., 
phosphomolybdic acid, rnolybdosillcic acid, phos-
photungstic acid, and the like; various metal chelates 
e.g., the metal chelates of 1,3-diketones and of 
alkyl diamines such as ethylenediamine; metal com-
plexes such as the metal complexes of 
phthalocyanlnes, e.g., Ni phthalocyanlne; metal salts 
of organic acids such as the metal salts of acyclic 
and alicydlic carboxylic acids containing two or more 
carbon atoms, e.g., metal salts of naphthertic acid, 
metal salts of aromatic carboxylic acids such as 
toluic acid and toluene sulfonic acid, metal salts of 
carbamic acid, thio and dithiophosphoric acid, thio 
and dithiocarbamic acids, xanthic acid and the like; 
and salts or organic amines such as salts of 
aliphatic amines, aromatic amines and quarternary 
ammonium compounds. 

It Is essential to the invention to convert the 
selected precursor to the corresponding metal oxide 
or metal sulfide. In certain cases, this conversion 
may be accomplished simply by decomposing the 
precursor via heating.	 In other cases, however, it 
will be necessary to effect the conversion by reac-
tion with a suitable treating agent. For example, 
when the oxide Is the desired form, but not the 
decomposition product, a suitable oxidizing agent 
such as air or oxygen may be used. When the sul-
fide, on the other hand, Is the desired form but not 
the decomposition form, treatment with a suitable 
sulfiding agent such as hydrogen sulfide, mercaptans 
and the like will be used. 

In general, the soluble precursor will be added to or 
combined with the carbonaceous fluid at a con-
centration which will provide a stoichiometric amount 
of the metal or mixtures thereof based on arsenic 
and selenium to be separated. 	 In this regard, it

should be noted that when the metal oxide and/or 
metal sulfide are used at stoichiometrlc concentra-
tions or greater, the arsenic and selenium will be 
separated as the arsenide and selenide, respectively. 
When less than stoichiometric amounts of the metal 
oxide and/or metal sulfide are used, on the other 
hand, a different set of metal arsenates, metal ar-
senic sulfides, metal selenates and metal selenium 
sulfides may be produced. 

Preferred Embodiment 

In a preferred embodiment, a precursor of a metal 
selected from the iron group of metals (viz., cobalt 
and nickel) which will decompose to the correspond-
ing metal sulfide upon heating will be used. 
Preferred precursors, then, include the mono and 
dihydrocarbyl substituted metal complexes of 
dithiocarbamic acids, dithiophosphoric acids or xan-
thic acid. In general, the hydrocarbyl substituents, 
including the hydrocarbon portion of the ligand, will 
comprise from about one to about 18 carbon atoms 
and each of the hydrocarbyl substituents may be 
straight or branched chained, cyclic, cyclic with 
straight or branched chain hydrocarbyl substituents 
or aromatic. 

In the preferred embodiment, the decomposable 
precursor will be used in a process to separate ar-
senic from a shale oil distillate fraction having an 
initial boiling point within the range from 100 0 to 
150°F and a final boiling point within the range 
from 1,050 0 to 1,200 0 F. The decomposable precursor 
will be converted to the corresponding metal sulfide 
by heating the same to the temperature at which 
the sulfide will react with arsenic in a reducing at- 
mosphere. In the preferred embodiment, the reaction 
will be accomplished at a temperature from 680 0 F to 
750 0 F, at a pressure within the range from 500 to 
1,500 pals, and at a nominal holding time within the 
range from 10 to 120 minutes. The metal arsenide 
and/or the metal arsenic sulfide will be separated by 
conventional methods such as distillation which will 
leave the arsenic compounds as the bottom fraction. 
Filtration to remove metal arsenides may also be 
used. 

UNION OIL PATENTS SHALE Oil. DEWAXING PROCESS 

United States Patent 4,867,861, issued to S. Abdo, at 
al., and assigned to Union Oil Company of California, 
Is titled "Process and Catalyst for the Devaxing of 
Shale Oil." 

Background of the Invention 

This Invention presents a catalyst and a process to 
dewax a waxy hydrocarbon feedstock containing both 
straight and branched chain paraffins. The Invention 
Is particularly concerned with producing a hydrocar-
bon product having a relatively low pour point 
and/or cloud point from a full boiling range shale 
oil. 
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Shale oil contains relatively high concentrations of 
straight and branched chain aliphatic compounds 
having between six and 40 carbon atoms. Some of 
these long chain compounds, typically the ones con-
taining 12 or more carbon atoms, tend to crystallize 
upon cooling of the hydrocarbon oil. This crystal-
lization may only take place to the extent that a 
clear and bright oil becomes dull because of the 
formation of small crystals, or It may proceed until 
sufficient crystals are present that they interfere 
with flow. The temperature at which the waxy sub-
stances begin to crystallize from the solution and 
impart a cloudy appearance is referred to as the 
'cloud point" and is determined by standardized test 
procedures. Similarly, the temperature at which 
sufficient crystals form to prevent the oil from 
flowing is commonly referred to as the "pour point" 
and is also determined by standardized test proce-
dures. A relatively high pour point Is observed in 
the raw oil obtained by retorting oil shale from the 
Western United States. 

Raw shale oil is normally upgraded by contacting the 
oil with a hydrotreating catalyst under conditions 
such that the concentration of organosulfur and or-
ganonitrogen constituents is reduced. The 
hydrotreated shale oil may then be dewaxed by con-
tacting the oil with a dewaxing catalyst to remove 
straight and slightly branched chain paraffins and 
thereby reduce the pour point. In some cases it 
may be desirable to use the portion of the dewaxed 
product which boils above about 600°F as tube oil 
base stock. This portion of the dewaxed shale oil 
can be thought of as comprising six tube oil base 
stock fractions which boll in the following ranges: 
610°F to 650°F, 650°F to 690 0 F, 690°F to 7900F, 
790°F to 830 0 F, 830°F to 875°F and above 8750F. 
In order for the dewaxed shale oil to be suitable as 
tube oil base stock, each of the boiling fractions 
described above must meet minimum pour point re-
quirements. Normally, the pour point must be 100F 
or lower for each of the fractions. 	 Unfortunately,
the pour point of a fraction increases as the boiling 
range of the fraction increases. In conventional 
dewaxiag processes that utilize catalysts which con-
tain an intermediate pore molecular sieve, it is very 
difficult to meet the pour point requirements for the 
fractions boiling between 790°F and 830 0 F, between 
830°F and 875°F and above 875 0 F. In order to 
meet the minimum pour point requirements of these 
higher boiling fractions, the dewaxing temperature 
must either be increased, the space velocity through 
the dewaxing zone decreased, or a more active 
catalyst used. Although the use of any one of 
these three techniques will decrease the pour point 
of the higher boiling fractions, such use will also 
result in more conversion of the branched and 
straight chain paraffins in the lower boiling fractions 
than Is necessary to meet the pour point require-
ments of these fractions. This additional conversion 
of branched and straight chain paraffins in the 
lower boiling fractions represents significant losses in 
yield of tube oil base stock. 

Accordingly, the Unocal invention provides a process 
for dewaxing shale oil such that the various boiling 
fractions comprising the tube oil base stock meet

minimum pour point requirements, without incurring 
excessive losses of tube oil base stock. 

Summary of the Invention 

Unocal has found that both straight and branched 
chain paraffins can be removed from waxy hydrocar-
bon feedstocks, without significant losses In lube oil 
base stock by contacting the feedstock in a dewax-
ing zone, in the presence of hydrogen, and (1) an 
intermediate pore crystalline molecular sieve having 
cracking activity and a	 pore	 size	 between
5.0 Angstroms and 7.0 Angstroms and (2) a large 
pore crystalline molecular sieve having cracking ac-
tivity and a pore size above 7.0 Angstroms. A 
hydrocarbon stream of reduced paraffin content is 
recovered from the dewaxing zone. The higher boil-
ing tube oil base stock fractions in this stream will 
have a reduced content of both straight and 
branched chain paraffins and will have a lower pour 
point that can be obtained by removing only straight 
chain paraffins from these fractions. 

The intermediate pore and large pore crystalline 
molecular sieves can be combined together to form 
particles of a dewaxing catalyst or they may be 
present in the dewa,dng zone as a mixture of dis-
crete particles. Also, the process can be carried 
out by passing the waxy hydrocarbon feedstock in 
series through two dewaxing zones with one zone 
containing the intermediate pore crystalline molecular 
sieve and the other zone containing the large pore 
crystalline molecular sieve.	 In a preferred embodi-
ment of the invention, the waxy hydrocarbon 
feedstock is contacted in a single dewaxing zone 
with a dewaxing catalyst containing both the inter-
mediate pore crystalline molecular sieve and the 
large pore crystalline molecular sieve. It Is believed 
that, in comparison to the use of an intermediate 
pore molecular sieve alone, the use of a large pore 
molecular sieve in combination with an intermediate 
pore molecular sieve results in greater removal of 
branched chain paraffins from the higher boiling 
fractions, thereby reducing the pour point of these 
fractions to values lower than can be obtained by 
removing only straight chain paraffins and without 
causing a loss of yield due to excessive conversion 
of paraffins in the lower boiling fractions. 

The catalyst of the invention will preferably contain 
one or more hydrogenation metal components in ad-
dition to the intermediate pore crystalline molecular 
sieve and the large pore crystalline molecular sieve. 
Normally, the hydrogenation component or components 
will contain a metal from Group VIII and/or 
Group VIE of the Periodic Table. 	 Preferred large 
pore	 molecular	 sieves	 are	 Y	 zeolites	 and 
silicoaluminophosphates such as SAPO-5. The 
Y zeolite can be any acidic form of Y zeolite 
whether or not the zeolite has been subjected to 
dealumination. In some cases it may be preferable 
to have both a silicoaluminophosphate and a 
Y zeolite present in the catalyst. Preferred inter-
mediate pore crystalline molecular sieves are 
silicalite and ZSM-5. 
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INTERNATIONAL 

RETORTING ASSAY METHODS COMPARED FOR WORLD 
OIL SHALES 

A paper presented by J. Dyni of the United States 
Geological Survey - (USGS) at the 1989 Eastern Oil 
Shale Symposium in November summarized the results 
of analyzing a large number of oil shales from 
around the world, using three different assay 
methods. 

The HYTORT process Is a method of retorting oil 
Shale in a hydrogen atmosphere at elevated pressure 
and temperature (hydroretorting). Research has 
demonstrated that oil yields from hydroretorting 
Eastern United States Devonian oil shale could be 
increased by more than 200 percent of Fischer assay 
yields. Further study, however, demonstrated that 
oil shales from different deposits did not show the 
same improved yields, but varied considerably from 
one deposit to another. 

To gain a better understanding of how different oil 
shales respond to hydroretorting, the USGS and 
HYCRUDE Corporation tested the behavior of a 
variety of oil shales collected from deposits that 
differ in origin and age. Hydroretorting analyses, 
Fischer assays, and Rock-Eval analyses were made on 
the samples and the organic matter was studied by 
UV microscopy.	 Results of these analyses were
presented in Dyni's paper. 

OH Shale Samples 

More than 100 samples were collected from 
32 deposits of oil shale from 17 countries. About 
one-third of the samples were from United States 
deposits, mainly the oil shales of the Green River 
Formation In the Western United States and the 
Devonian-Mississippian oil shales of the Eastern 
United States. 

The samples were obtained from outcrops, open-pit 
and underground mines, and drill holes. Most 
samples appeared to be relatively fresh, unweathered, 
material. However, the outcrop samples may have 
undergone some degradation of organic matter by 
weathering which may be reflected in the analytical 
data.

The	 sampled	 deposits	 of	 oil	 shale	 range	 from Late 
Cambrian	 to	 Miocene	 In age.	 The	 oil shales were 
deposited	 In	 marine,	 lacustrine,	 and	 terrestrial en-
vironments.	 Some	 samples,	 such	 as	 those	 of the 
Alum Shale from Sweden and Norway, the Heath and 
Phosphoria	 Formations	 from	 the	 Western	 United 
States,	 and a	 few	 samples	 from the	 Posidonla shale 
from	 West	 Germany,	 have	 been	 moderately to 
strongly	 altered	 by	 geothermal	 heating,	 but the 
remaining	 samples	 were	 relatively	 unaffected by 
geothermal alteration.

Methods of Analysis 

Hydroretorting analyses were made by the Institute 
of Gas Technology ([GT) with a bench-scale 
hydroretorting assay unit. The conditions for the 
hydroretorting tests were standardized at a hydrogen 
pressure of 1,000 psig, a maximum retorting tempera-
ture of 1,000°F, and a heating rate of 12-14°F per 
minute. 

Most of the Fischer assays were also made by lOT 
using the modified Fischer assay method developed 
by the United States Bureau of Mines. 

Rock-Eval analysis is widely used by petroleum ex-
plorationists to determine the oil potential, as well 
as to infer the type of organic matter and degree 
of thermal maturity, of a petroleum source rock. In 
recent years, the method has come into use to 
evaluate oil shales. 

A Rock-Eval analysis includes determinations of 
"free" hydrocarbons (Si) obtained during heating a 
sample for three to four minutes at 300°C; 
hydrocarbons (S2) obtained from pyrolysis of the 
remaining organic matter by heating the same sample 
from 300 to 550°C; the peak temperature (T max ) at 
the maximum rate of production of the S2 hydrocar-
bons; and carbon dioxide (53) obtained from pyrolysis 
of the organic matter during heating up to 3900C. 

Problems in interpretation of the 51, S2 and 53 data 
may arise when samples containing free hydrocarbons 
with high boiling points are detected as 52 rather 
than 51 hydrocarbons and carbonate minerals that 
thermally decompose at low temperatures (e.g., nab-
collie, dawsonite, and ankerite) whose carbon can be 
detected and added erroneously to the 53 carbon 
dioxide obtained from pyrolysis of the organic mat-
ter. 

Several additional quantities are also determined, in-
cluding total organic carbon (TOC), the hydrogen in-
dex (HI), the oxygen Index (01), pyrolyzable carbon 
(PC), and the petroleum index (P1). III Is the 
amount of hydrocarbons produced by heating and 
pyrolysis (S1+52) normalized to TOG and 01 Is the 
amount of carbon dioxide produced by pyrolysis (S3) 
normalized to TOG.	 HI and 01 are proportional to 
atomic H/C and 0/C ratios, respectively. Plots of 
HI versus 01 (van Krevelen diagrams) are commonly 
used to show type and thermal maturity of organic 
matter In sedimentary rocks. The petroleum index is 
a measure of the amount of free hydrocarbons (51) 
relative to the total amount of hydrocarbons (S1+S2) 
available In the rock: Si/(S1+S2). 

Samples were analyzed by Rock-Eval II equipment in 
the organic geochemistry laboratories of the Geologi-
cal Survey, Denver, Colorado. 
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Organic Petrography 

Five types of oil shale were recognized in this 
study: 

Lamoalte. An oil shale of lacustrine origin whose 
liptinite component consists of weakly to moderately 
fluorescing alginite having a lamallar structure in 
sections perpendldular to bedding. The liptinite Is 
derived from lacustrine green and blue-green algae 
and associated phytoplankton. 

Marinite. An oil shale of marine origin whose or-
ganic matter consists commonly of a groundmass of 
non- to weakly fluorescing bituminite and liptinite 
consisting chiefly of fluorescing lamellar-structured 
alginite derived from marine algae and other 
phytoplankton. 

Tasmanite. A marine oil shale in which the liptinite 
component Is strongly fluorescing tasmanitids. 

Kukerafte. A marine oil shale In which most of the 
liptinite component Is strongly fluorescing Gloeocap-
somorpha, a green alga. 

Cannel Coal.	 A liptinite-rich coal of terrestrial 
origin containing abundant, 	 fluorescing sporinite, 
resialte, and cattails, as well as typical non-
fluorescing vitrinite and other coal mascerals derived 
from terrestrial vascular plants. 

Torbanite, another variety of lacustrine oil shale, in 
which the liptinite component Is derived chiefly from 
Botryococcus and related algae, was not included in 
this study. 

Shaba-OU Determthatis 

The	 shale oils	 produced from	 the	 lamosites were 
found to be	 generally	 less dense	 than the	 oils from 
the	 marinites	 (Figure	 1), probably	 because the 
lamosites are	 generally more hydrogen-rich	 than the 
marinites.

To compare	 the	 oil determinations	 by the
hydroretorting method to the Fischer assay data, the 
term, hydroretorting index, Is introduced. The 
hydroretorting index (HRI) is defined as the volume 
of oil determined by hydroretorting assay (HRA) 
relative to the volume of oil obtained by Fischer as-
say multiplied by 100. 

The HRI for all samples ranged from a low of 74 to 
1,375. 

Although most samples showed significant improve-
ment in oil yields by BRA, four samples inexplicably 
produced less oil by BRA than by Fischer assay. 

The distributions of the HIU for 49 samples of 
marlalte and 16 samples of lamosite are plotted In 
Figure 2. The Hill for the lamosites ranges from 88 
to 192 and averages 140, whereas the NM for the 
marinites ranges from 129 to 606 and averages 250. 
The marinates respond better to hydroretorting than 
the lamosites.

FIGURE 1 
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Marinites. Most samples of Devonian and Mississip-
pian oil shale (marinites) of Eastern United States 
and Canada respond well to hydroretorting. For ex-
ample, the Hill for eight samples of oil shale from 
Alabama, Kentucky, Ohio Michigan, and Tennessee 
ranged from 141 to 341, and averaged 244. 

Samples of marinites from Upper Cretaceous marine 
rocks of North Africa and the Middle East, such as 
the Timandit oil shale deposit in Morocco, oil shales 
in the Dakhla Formation in Egypt, the Yamin and 
Rotem deposits of the Ohareb Formation in Israel, 
and the El LaJjun deposit in Jordan have HRI values 
ranging from 129 to 452. The average of the Hill 
determinations for these samples is 167. Because 
some of these deposits are associated with phos-
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phorites Dyni points out they may have value, as an 
energy source for the production of phosphates. 

Samples of marinite from the Permian lrati Formation 
in Brazil show modest increases in shale oil yields 
by IIRA analysis (Hal values of 156 and 159). 
Samples of the Permian Whitehill Formation in South 
Africa--the counterpart of the irati Formation in 
Brazil--show somewhat higher MIII values of 200, 201 
and 225. 

One of the most Interesting marinites is the Upper 
Cambrian Alum Shale of Sweden. Two samples have 
HRI numbers of 302 and 460, respectively. 

Lamosites and Cannel Coals. In contrast to the 
marinite samples, the degree of improvement in BRA 
oil yields compared to Fischer assay yields for the 
Inmosite samples was generally less (Figure 2). UR1 
determinations for eight samples of oil shale from 
the Green River Formation In Colorado, Wyoming and 
Utah range from 125 to 186 and average 148. The 
URI values for samples of lamosites from China, 
Czechoslovakia, 	 Scotland, Thailand, Turkey, 	 and
Yugoslavia are similar to or lower than those for 
the Green River samples. Three samples of cannel 
coal from Mt. Coolon, Queensland, Australia, showed 
results similar to the lamosite samples. 

Rock-Eva! Results 

Total Organic Carbon. TOC determinations for 95 
samples ranged from 0.63 to 55.9 weight percent. 
The average TOC value for all samples were 
12.1 weight percent. 

To evaluate the effectiveness of the conversion of 
organic carbon to shale oil, the oil yields by Fischer 
assay and HRA were divided by TOC. The frequency 
distributions for these data for the iamosltes are 
compared with similar data for the marinites in 
Figures 3 and 4. As expected, the conversion of 
organic carbon to oil by Fischer assay is clearly 
lower for the marinites than for the lamosites. 
However, the difference in oil yields between the 
two types of samples becomes less when the 
HRAITOC values are compared. The organic matter 
of the lamosites has less capacity for conversion to 
oil by BRA than the organic matter In the marinites. 

Tax Results. The T	 for 92 oil shale samples 
ranged from 361 0 to STk, and averaged 4300C. 

The frequency distributions of Tmax for 22 lamosites 
and for 60 marinites are dissimilar (Figure 5). The 
average T value for the Jamosite samples is 
439 0 C, or nffib higher than the average Tmax value 
of 426 0C for the marinite samples. It has been 
suggested that the higher Tmax values for oil shales 
containing abundant hydrogen-rich type I kerogen 
(typically, the liptinite-rich oil shales) is due to 
strong cross-linkage of long aliphatic chains and a 
lack of thermally less stable heteroatomic bonds. 

Tm x temperatures could be useful to the process 
engneer in retort design and in determining energy 
requirements for retorting oil shale that contains or-
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ganic matter of different types and of varied de-
grees of thermal maturity. 

Relation of Oil Ticith to Carbon Types 

It has been shown that organic carbon in oil shale 
is divisible into lihatic carbon and aromatic carbon 
on the basis of 3C NMR studies. Other researchers 
have found that the amount of shale oil and gas 
produced by Fischer assay is proportionate to the 
aliphatic carbon fraction of the rock, whereas the 
aromatic carbon fraction appears to be largely non-
reactive and remains In the carbonaceous residue of 
the spent shale.	 This suggests that some of the 
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aromatic carbon contributes to the additional oil 
(and gas) formed during hydroretorting of the 
marinite samples. 

With increasing thermal maturity, however, some of 
the reactive carbon (probably both aromatic and

aliphatic types) that can produce oil and gas by Fis-
cher assay and BRA is evidently converted to n less 
reactive form of carbon. For example, the samples 
of Alum Shale from Norway, which are thermally 
overmature, have pyrolyzable carbon /TO C ratios of less 
than 0.01, yet bC ranges from about three to 
seven percent. 

Some of the reactive carbon that can produce oil 
and gas is evidently converted by increasing thermal 
maturation to a nonreactive carbon. The following 
general model is suggested in the Dyni paper: 

C al +Car + In =TOC 

where Cat is aliphatic carbon that can produce oil 
and gas by conventional Fischer assay, C nr is 
aromatic carbon that can produce additional oil and 
gas by hydroretorting, and C in an inert or refractory 
form of carbon that is not available for production 
of oil and gas by either pyrolysis method. 

The inert carbon could be derived from a primary 
masceral having little or no potential for oil and 
gas (i.e., charcoal) or may form diagenetically from 
either of the other carbon types as a function of 
increasing thermal maturity of the rock, oxidation 
through weathering, or other causes. 
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WATER 

NaTec FILES FOR DUE DILIGENCE ON WATER RIGHTS 

The Office of the Water Clerk, Colorado Water Divi-
sion No. 5, reports that In Cases 89CW225, 89CW226 
and 89CW227, NaTec, Ltd., doing business in Colorado 
under the trade name of NaTec Mines, Ltd., do CBS 
Sirrine, Inc., Houston, Texas has filed Application for 
Quadrennial Finding of Reasonable Diligence, in Rio 
Blanco County, Colorado. 

The names of the structures are Industrial Resources 
Well 0-14-1-2 (5.0 cfs), Well 0-14-1-1 (5.0 cis), 
Well 0-20-1-1 (5.0 cfs) and Well 0-20-1-2 (5.0 se). 

The water rights associated with these wells will be 
primarily used in connection with the four federal 
sodium leases (Sodium Leases) currently held by 
NaTec, Ltd. The Sodium Leases comprise ap-
proximately 8,224 acres located in the Piceance 
Creek Basin and Yellow Creek Basin In Rio Blanco 
County, Colorado.	 They are being developed for 
production of sodium bicarbonate. 

NaTec, Ltd. is also the owner and claimant of the 
water rights associated with Dunn Well No. 20-1, 
Colorado Minerals Well No. 14-1, Savage Well 
No. 24-1, Colorado Minerals Well No. 281, MMCIRI 
4, MMC-IRI 5, MMC-IRI 6, MMC-IRI 7, MMC-IRI 8, 
Wolf Ridge Reservoir and Wolf Ridge Feeder Pipeline 
(hereinafter "the Water Rights"). NaTec, Ltd. asserts 
that the Water Rights constitute an integrated water 
system which will supply the water needs for 
development of the Sodium Leases. All of the Water 
Rights are located on or near the Sodium Leases. 
Industrial Resources, Inc. or Its subsidiaries previ-
ously owned the rights to the Sodium Leases and 
owned the Water Rights. By a deed dated 
October 18, 1988, the Water Rights were conveyed 
to NaTec, Ltd., a Texas limited partnership, doing 
business In Colorado under the trade name of NaTec 
Mines, Ltd., and NaTec., Ltd. also acquired the rights 
to the Sodium Leases. Industrial Resources, Inc., 
NaTec, Ltd. and SR Investments, Incorporated, a 
wholly owned subsidiary of NaTec, Ltd., have ap-
peared as objectors in numerous cases In Water 
Division No. 5 in an attempt to protect the Water 
Rights. 

Industrial Resources, Inc. and NaTec, Ltd. have 
drilled three test holes In conjunction with their

development of the Water Rights and the Sodium 
Lenses. Each test hole was geophysically logged, 
and the different types of logs included caliper logs, 
density logs, neutron logs, resistivity logs, natural 
gamma logs, self potential logs, and temperature 
logs.	 A report on two of the test holes was com-
pleted in April 1986. NaTec, Ltd. and SR Invest-
ments, Incorporated filed an Application for Approval 
of the Plan for Augmentation on December 29, 1988 
in Water Division No, 5, which has been designated 
as Case No. 88CW420. The Plan for Augmentation 
provides for augmentation of the Water Rights by 
replacement of any out of priority depletions to the 
stream system associated with the use of the Water 
Rights. Additional water rights were purchased for 
replacement sources and the additional water rights 
cost nearly $500,000. 

Industrial Resources, Inc. and NaTec, Ltd. have ex-
pended substantial effort and cost to obtain an Un-
derground Injection Control Permit (UIC Permit) from 
the United States Environmental Protection Agency 
(EPA) for the development of the Sodium Leases. 
The application for the UIC Permit was submitted to 
the EPA on November 24, 1986. The UIC Permit is 
necessary for the development of the Sodium Leases 
and the Water Rights. A UIC Permit was issued and 
became effective on October 30, 1988. NaTec, Ltd. 
has	 constructed	 three	 monitoring	 wells	 and 
reconstructed another monitoring well. In addition, 
NaTec, Ltd. has purchased equipment for use in the 
mining operations and has begun construction of a 
sorbent processing terminal. 

Industrial Resources, Inc. and NaTec, Ltd. have hired 
several consultants to assist in the development of 
the Water Rights and Sodium Leases. The consult-
ants have analyzed (1) the mine plan for the Sodium 
Leases, (2) the engineering and design of the solu-
tion mining process, (3) the hydrology and geology of 
the aquifers In the Piceance Creek and Yellow Creek 
Basins, and (4) market potential for the sodium. 
During the period from November of 1985 through 
November of 1989, Industrial Resources, Inc. and 
NaTec, Ltd. have Incurred construction, engineering, 
legal and other consulting expenses in excess of 
$2,100,000. 
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RESOURCE 

OIL SHALE PATENT PROCESSING ON HOLD AS fiLM 
WAITS FOR CONGRESSIONAL ACTION 

When Manuel Lujan became Secretary of the United 
States Department of the Interior in February 1900, 
he stated that the department, of which the Bureau 
of Land Management (BLM) is a part, would not 
process any more patent applications for oil shale 
lands in 1989, In order to give Congress time to 
consider legislation Introduced to modify the Mining 
Act of 1872. However, Congress failed to act by 
the end of the year. 

Frustrated by Inactivity on their patent application, 
Marathon Oil Company filed a lawsuit last fall, seek-
ing to force the BLM to complete administrative ac-
tion on their patent application (see Pace Synthetic 
Fuels Report, December 1989, page 3-38). 

Marathon, along with other claim holders Joan 
Savage, Barbara Cliff Toner and the estate of 
Camerson Cliff filed their action in the United

States District Court for Colorado October 19. The 
Department of the Interior filed an answer on 
January 5, 1990, but no schedule has yet been set 
for the case. 

As a result of the lawsuit, Interior officials have 
made a public announcement that they would like 
Congress to make up its mind before the Interior 
has to act on the outcome of the suit. 

A mining act reform bill (Rah all -Campbell, H.R. 2392) 
has passed the House of Representatives, but has 
been stalled in the Senate in the past. At the time 
of preparing this Issue, it appeared that S.30 might 
finally be heading toward the floor of the Senate 
for debate. The Rahali-Campbell bill would prohibit 
issuance of oil shale patents for which application 
had not been filed and requirements complied with 
by January 24, 1989. 

The current status of pending oil shale patent ap-
plications in Colorado is shown in Table 1. 

TABLE 1

PENDING OIL SHALE PATENT APPLICATIONS 

Filing Final Mineral Claim 
Category Date Date Entry No. Applicant Names No. Acreage 

Mineral 02/19/82 12/18/84 C-35080 Harlan & Pickup 7 1120 
Report Dorothy Hugg 

Mineral 08/24/82 06/04/85 C-36293 Harlan & Bluebird, 13 2080 
Report Dorothy Hugg etc. 

Claim 10/26/83 N/A C-38402 Union Oil French 
Void by IBLA Co., Calif. 13-16 
06/03/87 

Pending 01/23/84 -- C-38579 Exxon Corp. Wash. 1-8 20 3204 
Atlantic 1-8 
Princess 
Ann 1-4 

Pending 10/26/83 01/01/84 C-39464 Union Oil French 10 1216 
Co., Calif. 17-24 

Lands 2&3 

Pending 06/11/85 07/27/88 C-41836 105W Hydrocarbon 12 1880 
76-87 

Pending 04/04/86 05/11/88 C-43354 Marathon Portland 6 983 
Oil Co. 1-6

Na. Oil Shale Patent Applications 

Pending	 04/19/88	 WC48471	 Mt. Logan Co. Mt. Logan	 6	 963 
3,4,5, 
Annex Beacon 
Sentinel 
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TBALE 1 Coat muted 

Filing Final	 Mineral Claim 
Category Date Date	 Entry No. Applicant Names No. Acreage 

Pending 04/19/88 WC48472 Altenbern Steamboat 9 1320 
- Steamboat 

No.	 1-8 

Pending 06/24/88 WC48544 Savage Hydrocarbon 4 640 
37,38,44,45 

Pending 06/24/88 OC48545 Savage, Elizabeth 1 160 
Pr ion 

Pending 07/01/88 0DC48558 Agulla Black 64 10240 
Energy Co. Princes., 
(John Herr) Black Kings 

Black 
Diwmnds 
et	 al. 

Pending 09/21/88 0OC48944 Joan L. TNT 14-20 9 1440 
Savage Phenol 43, 

46 

Pending 10/12/88 0DC48968 Savage Hydrocarbon 6 716 
200,201,203 
205-207 

Pending 11/17/89 WC51106 David T. Day David T. 28 4304 
Day 1-28 

Subtotal 195 30266 
Remaing Oil Shale Mining Clain (approx) 309 50200 

Total 504 80466

LI
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SOCIOECONOMIC 

EXXON SflLS BATTLEMENT MESA 

Exxon Corporation has sold its 3,200-acre Battlement 
Mesa retirement community on Colorado's Western 
Slope to a partnership of Denver and New York real 
estate investors.	 - 

No purchase price was announced, but Exxon had 
been asking $25 million. Exxon's investment in the 
project totals at least $125 million. 

Battlement Mesa, midway between Glenwood Springs 
and Grand Junction on Interstate 70, was conceived 
by Exxon as a company town for the anticipated in-
flux of oil shale workers at the Colony Oil Shale 
Project. 

Through the early 1980s, construction of the planned 
community surged ahead at a $1 million per week 
clip. That suddenly changed on May 2, 1982. 
Population in the young community suddenly shrank 
from more than 2,000 to a few hundred. 

In recent years, however, Exxon has successfully 
marketed Battlement Mesa as a retirement and 
recreation community. 	 Its population is now about 
1,700	 and	 development	 is	 under	 way	 on
100 townhomes and dozens of single-family houses. 

Included	 in the	 sale were the Battlement	 Mesa 
apartments, modular	 homes, shopping	 center,	 golf 
course and undeveloped lots. Not included were the 
community's water and sewer plant and	 the	 recrea-
tion	 center, which are owned by a special	 district.

As of December 1989, Exxon closed its oil shale 
project office in Grand Junction. Continued manage-

rnent of Exxon's oil shale properties will be handled 
out of the Houston, Texas office. 

UNOCAL WINS BATTLE OVER TAX REFUND 

Unocal Corporation obtained final approval for a 
$164,815 tax refund following a ruling by the state 
Board of Assessment Appeals and acceptance of that 
ruling by the Colorado state Property Tax Ad-
ministrator. 

The dispute started in early 1988, when a clerical 
error left $6.9 million in Unocal property off the 
tax rolls. 

The mistake was not discovered until after mill 
levies had been raised to make up for the lower 
property value and the taxing districts collected 
$343,555 more than they were due. 

The County Assessor wanted to credit the overpay-
ment for taxes due the next year, and the County 
Treasurer warned the taxing districts to set the 
money aside. 

But Unocal appealed to county commissioners for a 
refund of its share of the overpayment. The com-
missioners first approved the refund in October 1988. 
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RECENT OIL SHALE PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Fifth Australian Workshop on Oil Shale, held in Lucas Heights, Sydney 
New South Wales, Australia, December 6-7, 1989: 

Gannon, A..)., et al., "Progress in Continuing Oil Shale Project Research." 

Hamilton, S.S., "Status of the Rundle Project." 

Vawter, R.G., "Demonstration Concepts for Western United States Oil Shales." 

Cena, ft..)., et al., "LLNL Hot-Recycled-Solids Retorting: 	 Small-Scale Tests and Large-Scale
Plans." 

Matheson, S.C., et al., "Proposals for the Reporting of Oil Shale Resources in Queensland." 

Coshell, L., et al., "The Geology of the Kerosene Creek Member, Stuart Oil Shale Deposit, 
Central Queensland." 

Patterson, J.H., at al., "Inorganic Geochemistry and Mineralogy, of Unit B, Duaringa Deposit." 

Coshell, L., et al., "A Preliminary Assessment of the Application of Various Geophysical Tech-
niques to Oil Shale Resource Evaluation." 

Skinner, Q.D., et al., "Hydrological Monitoring of OH Shale Waste in Large Scale Lysimeters." 

Bell, P.R.F., et al., "Characterisation of Leachates from Mine Waste Solids and Shale Ash from 
the Stuart Resource." 

Connell, L.D., et al., "Moisture Movement in Spent Oil Shale Waste Dumps." 

Warne, M.St.J., et al., "The Use of Quantitative Structure-Activity Relationships to Model 
Toxicity: Applications to Shale Oil." 

McDonald, G.T., et al., "Land Management Studies for Future Oil Shale Mining at Rundle." 

Clarke, W.P., et al., "Simulation of Leachate Quality from Rundle Spent Shale." 

Rovers, C.E., et al., "Chemical Class Separation of Shale Oils by Low-Pressure Liquid 
Chromatography on Thermally-Modified Adsorbents." 

Sargeant, G.D., et al., "Some Properties of Bitumens Produced from Shale Oil Distillation 
Residues." 

Fookes, C.J.R., et al., "Chemistry of Shale OH Aging." 

Lewis, A,E,, at al., "Design Studies for Integrating a Hot Solids Recycle Retort with Modified 
In Situ Processing." 

Saxby, J.D., at al,, "Pyrolysis of Oil Shale/Lignite Mixtures. 	 Is This a Viable Option for
Australian Tertiary Shales?" 

Bradnurst, D,H,, et al., "Microwave Processing of Australian Shales." 

Dung, N.V., et al., "Modeling of Oil Shale Retorting Block Using ASPEN Process Simulator." 

Haynes, 5.5., "Further Studies of Oil Shale Drying." 

Patterson, J.H., et al., "Mineral Reactions in the Processing of Tertiary Oil Shales." 

Carter, S.D., at al., "Processing of Eastern U.S. Oil Shale in a Multi-Staged Fluidized Bed 
System."
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Dung, N.V., et al., 'Processing Stuart Oil Shale in an Integrated Retorting/Combustion Recycle 
System." 

Duffy, G.J., et al., "Comparative Pyrolysis Characteristics of Alpha Torbanites and Tertiary OH 
Shales." 

Charlton, B.G., "The Combustion of Sulphur in Spent Shale from the Stuart Oil Shale Deposit." 

Fookes, C.J.R., et at, "The Effect of Cracking and Coking Reactions on Shale Oil Composition," 

Hunt, H.J., et at, "The Characterisation of Siderite Minerals in Australian Tertiary OH Shales." 

Levy, J.H., "Reactions of Clay Minerals in the Processing of Australian Oil Shales." 

Patterson, J.H., et al., "Characterisation of Clay Minerals in the Tertiary Oil Shales of 
Queensland, Australia." 

Killingley, J.S., et a).., "Dehydroxylation Kinetics of Kaoliriite and Montmorlllonite from 
Queensland Tertiary Oil Shale Deposits." 

Udaja, P., et al., "Coking Kinetics of Eight Australian Shale Oils on Shale Ash." 

Aislabie, J., et al., "Microbial Upgrading of Rundle Shale Oil:	 Removal of Heterocyclic 
Nitrogen Compounds." 

Hamarneh, Y., "Fuel Characteristics of El-Lajjun Oil Shale and the Behaviour of its Inorganic 
Matter During Combustion." 

Dung, N.V., et al., "Comparison Between Model Predictions and Performance of Process 
Development Units for Oil Shale Processing." 

Gannon, A.J., et at, "The Variation of Retort Gas Make and Composition with Oil Yield for 
Condor Oil Shales." 

OIL SHALE - PATENTS 

"Oil Shale Wet Oxidation Process," Edward L. Czenkusch - Inventor, Phillips Petroleum Company, United States 
Patent Number 4,891,132, January 2, 1990. An aqueous slurry of comminuted oil shale containing pyritic sulfur is 
contacted with an oxidizing gas under wet oxidation conditions to produce a product mixture containing treated 
oil shale solids, and a liquid portion. Hydrocarbonaceous liquid is recovered from the product mixture. 

"Hydrotreating Catalyst and Process," Jeffrey T. Miller - Inventor, Amoco Corporation, United States Patent 
Number 4,886,594, December, 12, 1989. Hydrotreating catalyst composition comprising a hydrogenating component 
consisting essentially of a metal component in which the metal is selected from group VIb and a phosphorus 
component, deposed on the surface of a support comprising a porous refractory inorganic oxide and free of 
zeolite component exhibits excellent hydrotreating activity and lifetime, particularly in the hydrodenitrogenation 
of high nitrogen feeds, e. g., whole shale oils or fractions thereof, and in the hydrodesulfurization and 
hydrodernetallation of high sulfur feeds, e.g., vacuum or atmospheric residual. 

"Decaking of Coal or Oil Shale During Pyrolysis in the Presence of Iron Oxides," Rashid M. Khan - Inventor, 
United States Department of Energy, United States Patent Number 4,886,521, December 12, 1989. A method for 
producing a fuel from the pyrolysis of coal or oil shale in the presence of iron oxide in an inert gas atmos-
phere. The method includes the steps of pulverizing feed coal or oil shale, pulverizing iron oxide, mixing the 
pulverized feed and iron oxides, and heating the mixture in a gas atmosphere which is substantially inert to the 
mixture so as to form a product fuel, which may be gaseous, liquid and/or solid. The method of the invention 
reduces the swelling of coals, such as bituminous coal and the Eke, which are otherwise known to swell during 
pyrolysis. 

"Conductively Heating a Subterranean Oil Shale to Create Permeability and Subsequently Produce Oil," Eric P. 
Rouffignac, Michael F. Lucid, Peter Van Meurs, Harold J. Vinegar - Inventors, Shell Oil Company, United States 
Patent Number 4,886,118, December 12, 1989. Shale oil is produced from a subterranean interval of oil shale, 
where the interval is initially substantially impermeable and contains a specified grade and thickness of oil shale. 
Said interval is conductively heated from borehole interiors which are kept hotter than about 600 0 C and are 
heated at a rate such that kerogen pyrolysis products formed within the oil shale create and flow through 
horizontal fractures which subsequently extend into fluid-producing wells that are positioned in specified loca-
tions.
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"Catalyst for Simultaneous Hydrotreating and Hydrodewaxing of hydrocarbons," Timothy L. Carlson, John W. Ward - 
Inventors, Union Oil Company of California, United States Patent Number 4,877,762, October 31, 1989. A 
catalyst, of especial usefulness In simultaneously reducing the pour point and the organosulfur and/or or-
ganonitrogen content of waxy shale oils, comprises a group VIb metal component on a support comprising a 
porous refractory oxide and a crystalline silica, such as silicate. 

"Process for the Production of High Density Jet Fuel from Fused Multi-Ring Aromatics and Hydroaromatics," 
Glen P. Hamner - Inventor, Exxon Research and Engineering Company, United States Patent Number 4,875,992, Oc-
tober 24, 2989. A process for the conversion of a feed rich in fused two-ring aromatic and fused two-ring 
hydroaromatic hydrocarbons, notably light cat cycle oil, furnace oils, coal liquids, tar sands liquids, shale oil li-
quids, and the like to high density jet fuels. Sulfur or nitrogen, or both are removed from said feed and a 
hydrodesulfurized/hydrodenitrogenated liquid product separated therefrom is hydrotreated in a second stage over a 
highly active fluorided group VIII metal-on-alumina catalyst at conditions sufficient to selectively hydrogenate and 
saturate the fused two-ring aromatics and/or partially saturated fused two-ring hydroaromatics at high selectivity 
to naphthenes without any significant conversion thereof to lower molecular weight hydrocarbons. High density 
jet fuels having an API gravity ranging from about 25 to about 35, with a total aromatic content well below 
about 50 percent, preferably five percent to about 30 percent, are produced. 
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ACORN PROJECT - Southern Pacific Petroleum NI. and Central Pacific Minerals NL (S-b) 

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. 

This study utilized data from a number of previous studies and evaluated different retorting processes. It showed potential 
economic advantages for utilizing the Taciuk Process developed by Umatac and AOSTRA (Alberta Oil Sands Technology and 
Research Authority) of Alberta, Canada. Batch studies were carried out in 1985, followed by engineering design work and es-
timates later the same year. As a consequence of these promising studies a second phase of batch testing at a larger scale was 
carried out in 1986. A series of 68 pyrolysis tests were carried out using a small batch unit. A number of these tests achieved oil 
yields of 105 percent of Modified Fischer Assay. 

As a result of the Phase 2 batch tests, SPP updated their cost estimates and reassessed the feasibility of the Taciuk Processor for 
demonstration plant use. The economics continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,000 tonnes of dried Stuart oil shale was prepared in late 1986 early 1987. The pilot 
plant program was carried out between June and October 1987. 

Engineering is underway to firm up the project definition for a semicommercial demonstration plant. The project is referred to as 
the Acorn Project. During the last quarter of 1987, SN' carried out a short drilling program of 10 holes at the Stuart deposit in or-
der to increase information on the high grade Kerosene Creek member. This is a very high grade seam (134 liters per tonne) with 
150 million barrels of reserves. SPP carried out a basic design engineering study in 1988. The current conceptual design is for a 
plant processing approximately 6,000 tonnes per stream day of as mined feed shale, and producing 4,250 barrels per day of liquid 
products. 

According to SPP, the estimated cost is A$90 million for such a demonstration plant, including services connection and product 
storage. At current prices for low sulfur fuel oil in Australia, it is likely that operation of the demonstration plant will at least break 
even and possibly earn as much as 15 percent DCFROI. 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 (25,000 tonnes per day). 

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

Project Cost: For commercial demonstration module A$90 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc. (S-20) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by Occidental Oil Shale, Inc., doing business as Cathedral Bluffs Shale Oil Company. A modified detailed development 
plan for a 57,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in April 1977. The 
EPA issued a conditional Prevention of Significant Deterioration (PSD) permit in December 1977 which was amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high interest 
rates. The project sponsors applied to the United 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 rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 to reflect the reduced level of activity. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974-1976). 

On April 1, 1987, the Bureau of Lend Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five years. Meanwhile, pumping of the mine inflow water 
continues in order to keep the shaft from being flooded. 

Occidental has proposed a $200 million 'proof .of-concept' modified in situ (MIS) demonstration project to be located on the C-b 
tract. Day says that a 1,200 barrel per day facility combining modified in situ with surface retorting would cost $200 million over a 
10-year period. The company said in 1989 it would contribute $100 million if the Department of Energy would contribute $70 mil-
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lion. State and local governments would be expected to come	 with the other $30 million through tax incentives, property tax 
relic!, royalty reductions and enterprise zones. Engineering d

	
is expected to start in 1990. Preliminary funding of the en-

Project Cost: $200 million for demonstration 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (5-30) 

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that su pplies steam to an existing 22-MW turbine generator. High-sulfur coal 
was co-combusted with carbonate oil shales and also with limestone to compare the power generation and economics of the two 
cocombustants in the reduction of sulfur emissions. A full capacity performance-guarantee test was carried out in May 1987, on 
coal, lime and oil shale. Testing with oil shale in 1988 showed shale to be as effective as limestone per unit of calcium contained. 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (540) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (STB) retort process. Information obtained from the semi-works project will allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies.	 - 

Project Cost: Semi-Works - Estimated at $130 million 

COLONY SHALE OIL PROJECT - Exxon Company USA (5-50) 

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,000 TPD of 35 OPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCOs 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming, and Final EIS supplement was completed. Work on Battlement Mesa com-
munity, commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. C.F. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Stearns-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine support 
facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the 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 completed 
an orderly phasedown of the project. Construction of Battlement Mesa has been completed and Exxon has announced its intention 
to sell the Mesa complex. An Exxon organization remained in the Parachute area for several years to perform activities including 
reclamation, some construction, security, safety, maintenance, and environmental monitoring. These activities were designed to 
maintain the capability for further development of the Colony resource when economics become attractive. In December 1989, Ex-
xon closed its Grand Junction project office. 

Project Cost: Estimated in excess of $5 - $6 billion 

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum-50 percent (S-60) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 
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Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers. 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
average operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
sive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shalt 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 'finec process owned by Lurgi GmblI 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. 

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. 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. 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a sepirate 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 from the Condor deposit, 
crushed it to produce 20,000 tons and shipped it to Japan in late 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in Kyushu in early 1987. The Condor shale sample was processed satisfac-
torily in the pilot unit. 

In 1988 SPP/CPM began studies to assess the feasibility of establishing a semi-commercial demonstration retorting plant at Condor 
similar to that being designed for the Stuart deposit. Samples of Condor shale were shipped to Canada for testing in the Taciuk 
process. 

Project Cost: $2.3 billion (mid-1983 U.S. dollars) 

EDWARDS ENGINEERING - Edwards Engineering Corporation (S-70) 

Edwards Engineering Corporation has been designing and building at their manufacturing plant in New Jersey a portable oil shale 
retort that will produce between 1,000 and 2,0W 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 

Project Cost: Not Disclosed
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ESTONIA POWER PLANTS - Union of Soviet Socialest Republics (S-SO) 

About 95 percent of USSR's oil shale output comes from Estonia and Leningrad district. Half of the extracted oil shale comes 
from surface mines, the other half from underground workings. Each of the nine underground mines outputs 3,000 to 17,000 tons 
per day, each of the surface mines outputs 8,000 to 14,000 tons per day. 

Exploitation of kuke,site resources was begun by the Estonian government in 1918. In 1980, annual production of oil shale in 
USSR reached 41 million tons of which 36 million tons came from the Baltic region. Recovered energy from oil shale was equiv-
alent to the energy in 49 million barrels of oil. Most extracted oil shale is used for power production rather than oil recovery. 

More than 60 percent of Estonia's thermal energy demand is met by the use of oil shale. Fuel gas supplies for the city of Leningrad 
were terminated in 1987. First of their kind ever put into operation, the oil-shale-fueled power plants have an annual output of 
1,600 megawatts. 

FUSIIUN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (S-90) 

The oil shale retorting industry in Fushun began in 1928 and has been operating for 60 years. Annual production of shalt oil 
topped 780,000 tons in 1959. In that period, shale oil accounted for 30-50 0/c of total oil production in China. 

At Fushun, oil shale overlies a coal bed which is being mined. Because the oil shale must be stripped in order to reach the coal, it 
is economical to retort the shale even though it is of low grade. Fischer Assay yield is about 53% oil, on average. 

Currently, only 40 retorts are operating, each retort processing 200 tons of oil shale per day. Other retorts have been shut down 
because of site problems not related to the operation of the retorts. Shale oil production is on the order of 100,000 tons per year. 

Direct combustion of oil shale fines in an ebullated bed boiler has been tested at Fushun Refinery No. 2. 

Shale oil is currently being used only as a boiler fuel, but a new scheme for upgrading Fushun shale oil was recently studied. In the 
proposed scheme, shale oil is first treated by exhaustive delayed coking to make light fractions which art then treated successively 
with dilute alkali, and sulfuric acid to recover the acidic and basic non-hydrocarbon components as fine chemicals. The remaining 
hydrocarbons, containing about 0.4 percent N can then be readily hydrotreated to obtain naphtha, jet fuel and light diesel fuel. 
This scheme is said lobe profitable and can be conveniently coupled into a existing petroleum refinery. 

GARY REFINERY - Western Slope Refining Company (S-100) 

Western Slope Refining Company owns a refinery in Fruits, Colorado at the southwestern edge of the Piceance Basin. The refinery 
was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon ore that is mined in North-
eastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. The 
refinery was expanded and upgraded into a modern facility capable of processing a wide variety of raw materials into finished 
transportation fuels. In the early 1980's modifications were made to the refinery to process shale oil. 

Gary Refining had a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the Unocal Parachute Creek facility. 
A contract was also signed with the Defense Fuel Supply Center to provide 5,025 barrels per day of shale-derived military jet fuel 
(JP-4) to the Air Force over a four year period. 

The processing scheme planned for the shale oil was geared toward maximizing the yield of JP4. The Air Force requirements were 
that JP-4 be produced solely from a shale oil feedstock. Therefore, the crude, vacuum, and hydrocracking units would be blocked 
out, each with a separate operating cycle. 

Upgraded shale oil is planned to eventually be delivered to the refinery via a pipeline from the Parachute upgrading facility to the 
Fruita site. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Unocal plant. The bankruptcy 
documents indicated that borrowing to make the modifications to refine shale oil was a major factor in the failure. 

In January, 1989 it was announced that the refinery, now known as Western Slope Refining Company, would reopen in March, 
1989. Western Slope Refining Company began operation in April, 1989. Toll calcining of petroleum coke, as well as fractionation 
of crude and atmospheric residuum in the crude and vacuum units is underway. Full refinery operation began in July. 
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Although there are no guarantees regarding quantity, the finn's contract with Unocal Corporation now is for everything that 
company's Parachute Creek oil shale plant can produce. Unocal officials believe they can now consistently produce 5,000 barrels of 
synthetic fuel a day. The processing of Unocal's syncrude will be supplemented with other regional crude oils. Because the con-
tract with the Air Force for jet fuel has expired, it is not known whether the military test effort will be revived. 

In January 1990, it was announced that, because of operating losses, most refinery onerations would be curtailed. 

Project Cost: Not Disclosed 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (5-110) 

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

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
power plant. Jordan is also investigating jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1,200 tons of Jordanian shale was sent to China for retort testing. Large-scale combustion tests have 
been carried out at Kloeckner in West Germany and in New Brunswick, Canada. 

A consortium of Lurgi and Kloeckner completed in 1988 a study concerning a 50,000 barrel per day shale oil plant operating on El 
Lajjun oil shale. Pilot plant retorting tests were performed in Lurgi's LR pilot plant in Frankfurt, Germany. 

The final results show a required sales revenue of $19.10 per barrel in order to generate an internal rate of return on total invest-
ment of 10 percent. The mean value of the petroleum products ex El Lajjun complex was calculated to be $21.40 per barrel. A 
world oil price of $15.60 per ban-el has to be reached to meet an internal rate of return on total investment of 10 percent. 

In 1988, the NR-A. announced that it was postponing for S years the consideration of any commercial oil shale project 

KIVITER PROCESS - Union of Soviet Socialist Republics (5-120) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 4 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts with crosscurrent flow of heat carrier gas and traditionally referred to as generators, is predominantly used in commer- 
cial operation. The retorts have been automated, and have throughput rates of 200 to 220 tons of shale per day. Retorting is per-
formed in a single retorting (semi-coking) chamber. In the generators, low temperature carbonization of kukersite yields 75 to 
80 percent of Fischer assay oil- The yield of low calorific gas (3,350 to 4,200 KJ/cubic meters) is 450 to 54)0 cubic meters per ton of 
shale. 

To meet the needs of re-equipment of the oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day 
generator of this type was constructed at Kohtta-Jarve, Estonian SSR, USSR, and placed in operation in 1981. The new retort 
employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the semi-coking 
chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw 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 retorting zone 
without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by introducing 
hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to control the 
temperature. Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed from the 
retort. The outside diameter of the retort is 9 meters. 

The experience of the 1,000 TPD unit was taken into consideration to design two new units. In January, 1987, two new 1,000 TFD 
retorts were put in operation also at Kohtla-Jarve. Alongside these units, a new battery of four 1,500 TPD retorts, with a new cir-
cular chamber design, is planned. Oil yield of 85% of Fischer Assay is expected. This battery should come onstream in 1991-1992. 

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products(predominantly non-fuel) 
are currently produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced 
as by-product in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desulfurization, it is 
utilized as a local fuel for the production of thermal and electric power. 

Project Cost: Not disclosed
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MAOMING COMMMERCIAL SHALE OIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC, Maoming, China 
(5-130) 

Construction of the Maoming petroleum processing center began in 1955. Oil shale is mined by open pit means with power-driven 
shovels, and electric locomotives and dump-cam. Current mining rates are 35 million tons of oil shale per year. Approximately 
one-half is suitable for retort feed. The Fischer Assay of the oil shale averages 65% oil yield. 

Two types of retort are used: a cylindrical retort with gasification section, and a rectangular gas combustion retort. Oil shale 
throughput is 150 and 185 tons per day per retort, respectively. The present facility consists of two batteries containing a total of 48 
rectangular gas combustion retorts and two batteries with a total of 64 cylindrical retorts. 

Current production at Maoming is approximately 100, 	 tons of shale oil per year. Although the crude shale oil was formerly 
refined, it is now sold directly as fuel oil. 

Shale ash is used in making cement and building blocks. 

A 50 megawatt power plant burning oil shale fines in 3 fluidized bed boilers is planned. 

MOBIL PARACHUTE SHALE OIL PROJECT— Mobil Oil Corporation (5-140) 

Mobil is no longer considering development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
project was planned to have initial production of 10, to 25, barrels per day with an incremental buildup to 100, barrels per 
day. The United States Bureau of Land Management completed an Environmental Impact Statement preparatory to future permit 
applications. A Corps of Engineers Section 404 permit application was submitted. 

Project Cost: Estimated $8 billion for 100,000 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP (5-150) 

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 $45 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit was completed with a funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the T3 process. More than a dozen single 
retort tests were conducted to prove the process feasibility as well as to optimize the process conditions. The pilot plant utilizes 
the D process developed jointly by Science Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres 
(ONAREP) of Morocco. The T3 process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 
100 tons of raw shale per day capacity using 17 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. A commer-
cial scale mine development study at Timandit was conducted by Morrison-Knudsen. 

The T3 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP extensive process option studies based on all major processes available in the United States and abroad 
and made a recommendation in several categories based on the results from the economic analysis. An oil-shale laboratory includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rabat with assistance 
from Science Applications, Inc. 

Project Cost: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation (S-lw) 

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 
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feasible methods of producing usable oils From shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 
1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process For its Phase I 10,000 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 ton per day mine began in 
January 1981, and construction of the retort started in late 1981. Concurrently, work proceeded on a 10,000 barrels per day upgrad-
ing facility, which would convert the raw shale oil to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. After several years of test opera-
tions and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 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 (FEC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FEC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. 

Unocal shipped its 2,OOD,000th barrel of syncrude on May 6, 1989. Recent cost cutting efforts have lowered the breakeven point on 
operating costs approximately 20 percent. The future of the project depends on the ability to maintain this production level. 

Project Cost: Phase I - Approximately $700 million 

PETROSIX - Petrobras (Petroleo Brasileiro, S.A.) (5-170) 

A 6 foot inside diameter retort, called the demonstration plant, has been in continuous operation since 1984. The plant is used for 
optimization of the Petrosix technology. Oil shales from other mines can be processed in this plant to obtain data for the basic 
design of new commercial plants. 

A Petraix pilot plant, having an 8 inch inside diameter retort, has been in operation since 1982. The plant is used for oil shale 
characterization and retorting tests, developing data for economic evaluation of new commercial plants. 

An entrained bed pilot plant has been in operation since 1980. It is used to develop a process for the oil shale fines. The plant uses 
a 6 inch inside diameter pipe (reactor) externally heated. 

A spouted bed pilot plant having a 12-inch diameter reactor, has been in operation since January, 1988. It processes oil shale lines 
coarser than that used in the entrained bed reactor. 

A circulating fluidized bed pilot scale boiler was started up in July, 1988. The combustor will be tested on both spent shale and oil 
shale fines to produce process steam for the Petrosix commercial plants. 

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per day of crude 
oil, 38 tons per day of fuel gas, and 19 tons per day of sulfur. It has accumulated over 95,000 horns of operation, and now achieves 
an operating factor between 92 and 95 percent. 

A 36 foot inside diameter retort, called the industrial module, is being constructed and will produce 3,343 barrels per day of oil, 
SO tons per day of LPG, 81 tons per day of fuel gas, and 98 tons per day of sulfur from 7,800 tons of oil shale per day when com-
pleted. The completion date is now indefinite. 

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 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.
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COMMERCIAL PROJECTS (Continued) 

Current shale oil production is sent by truck to a refinery 150 kilometers from the plant and is stabilized through the FCC unit in a 
mixture with heavy gasoil. 

Sulfur production is sold directly to clients from local paper mill industries. 

Project Installed Costs: $68.4 (US) Million (industrial module) 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-iso) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The pilot plant consisted of two specially 
designed burners to burn continuously in an underground oil shale bed at a depth of 70 feet. These burners produce an industry 
quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ramex announced the completion of the pilot project. The formation was heated to approximately 1200 
degrees creating a high-BTU gas with little or no liquid condensate. The wells substained 75 mcf a day, for a period of 3 months 
then were shut down to evaluate the heaters and the metals used in the manufacturing of the heaters. The test results indicated a 5 
year life in a 10 foot section of the shale with a product gas of 800 BTU or higher per standard cubic foot. 

Ramex announced in November 1987 the start of a commercial production program in the devonian shale in the eastern states of 
Kentucky and Tennessee. In April 1988, Ramex announced the project would be moved to Indiana. A total of 7 wells have now 
been drilled. Gas tests resulted in ratings of 1,034 and 968 BTU. Two production volume tests showed 14,000 and 24,000 cubic feet 
per day. 

In late July, 1988 a letter agreement was signed between Tri-Gas Technology, Inc., the licensee of the Raines process in Indiana, 
and J. M. Slaughter Oil Company of Ft. Worth, Texas to provide funding for drilling a minimum of 20 gas wells, using the Ramex 
oil shale gasification process, on the leases near I-ienryville, Indiana. 

Arrangements were made with Midwest Natural Gas to hook up the Ramex gas production to the Midwest Pipeline near I-len-
ryville. As of May, 1989 Ramex had been unsuccessful in sustaining long-term burns. They therefore redesigned the burner and 
built a much larger model (600,000 B'Il.J per hour vs 40,000 BTU per hour) for installation at the Henryville site. A new burner 
with improved metallurgy was planned to be installed in November, 1989. 

Ram" is also investigating potential applications in Israel. 

Project Cost: Approximately $1 million for the pilot tests. 

RIO BEANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (5-190) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30'x 30'x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without additional 
federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended opera-
tions on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, 
the suspension was renewed. 

Federal legislation was enacted to allow procurement of off-tract land that is necessary if the lease is to be developed by surface 
mining. An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. However, a Record of Decision has never been issued due to a suit filed by the Na-
tional Wildlife Federation. 

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort are currently flooded but were pumped out in May 1985 and June 
1986 in accordance with plans approved by the Department of the Interior. Data from the pumpout are being evaluated. Stringent 
monitoring is continuing. Rio Blanco operated a $29 million one to five TPD Lurgi pilot plant at Gull's Research Canter in Mar-
marville, Pennsylvania until late 1984 when it was shut down. This $29 million represents the capital and estimated operating cost 
for up to 5 years of operation. The company has not as yet developed commercial plans or cost estimates. On January 31, 1986 
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COMMERCIAL PROJECTS (Continued) 

Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in 
the project. Amoco has no plans to discontinue operations. 

Project Cost: Four-year process development program cost $132 million
No cost estimate available for commercial facility. 

RUNDLE pitojcr - Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and Production 
Australia (50 percent) (8-200) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction of a multi-module 
commercial scale facility was shelved due to economic and technical uncertainties. 

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Draw, 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 cont $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $2.65 billion (Us). 

In October 1984 SPP/CPM and Esso announced discussions about amendments to the Rundle Joint Venture Agreement signed in 
1982. Those discussions were completed by March 1985. Revisions to the Joint Venture Agreement now provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and AS123 in 1987. 

Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. 

Esso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of subse-
quent development expenditures. If I3sso provides disproportionate funding, it would be entitled to additional offtalce to 
cover that funding. 

Project Cost: See above 

TOSCO OIL SHALE PROJECTS - Tosco Corporation (S-210) 

Proposed 49,000 BFSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State. 
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site environ-
mental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block conveyors, 
power lines, underground mine access tunnels and product pipeline were submitted to Bureau of Land Management in April 1981. 
Final EIS for the project was issued on February 1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air 
quality permit was approved in March 1983. All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has put any further action on this project on indefinite hold. 

In 1987 Tosco exercised its option to buy a large block of patented oil shale claims in Colorado from the Tell Ertl Family Trust for 
$12 million. No plans for the development of this property have been made. 

TRANS NATAL T-PROJECT - Trans Natal, Gencor, Republic of South Africa (S-220) 

Current developments in oil shale conversion by Gencor, one of the larger South African mining companies, have proved to be very 
promising and a feasibility study was completed in 1987. A technical study involving retorting test samples of oil shale mixed with 
coal has been carried out. It was found that by recycling the heavy oil fraction, it is possible to successfully retort a 51150 mix of 
torbanite and coal. 

The project will consist of an underground mine with mining height of 1 t 2.3 meters. The material to be mined is a mixture of 
torbanite and bituminous coal. The deposit would be capable of supporting an output of 14,000 barrels of syncrude per day. 
Retorting will be accomplished with Lurgi LR retorts. The torbanite yields 250 liters of oil per metric ton, and the coal yields 100 
liters per ton.
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COMMERCIAL PROJECTS (Continued) 

The basic design study was expected to be finished by the end of 1988. Commissioning of the project is anticipated during 1993. 

Project Cat: $1.0 billion 

1517 - 3000 RETORTING PROCESS - Union of Soviet Socialist Republics (5-230) 

The LTTT-3000 process, otherwise known as the Galoter retort, is a rotary kiln type retort which can accept oil shale fines 

Processing of the Baltic shales in =-3000 retorts makes it possible to build units of large scale, to process shale particle sizes of 
22 millimeters and less including shale dust, to produce liquid fuels for large thermal electric power stations, to improve operating 
conditions at the shale burning electric power stations, to increase (thermal) efficiency up to 86-87 percent, to improve sulfur 
removal from shale fuel, to produce sulfur and other sulfur containing products (such as thiophene) by utilizing hydrogen sulfide of 
the semicoke gas, and to extract valuable phenols from the shale oil water. Overall the air pollution (compared to direct oil shale 
combustion) decreases. 

The two UTT-3000 units built at the Estonian ORES with a productivity of 3,000 tons per day are among the largest in the world 
and unique in their technological principles. However, as of late 1988, these units had still not reached full design capacity. 

A redesign of particular parts and reconstruction of the units was done in 1984 to improve the process of production and to in-
crease the period of continuous operation. 

As a result of these changes, the functioning of the 1517-3000 improved dramatically in 1984 in comparison with the period of 
1980-1983. For instance, the total amount of shale processed in the period 1980-1983 was almost the same as for only 1984, i.e. 
79,1000 tons versus 80,100 in 1984. The total shale oil production for the period 1980-83 was 10,500 tons and approximately the 
same amount was produced only in 1984. The average output of shale oil per run increased from 27 tons in 1980 to 970 tons in 
1984. The output of electric energy for Estonia-Energo continued constant in 1983 and 1984, by burning part of the shale oil in the 
boilers of Estonia ORES. 

By the end of 1984, 159,200 tons of shale was processed and 20,000 tons of shale oil was produced at UTT-3. 

In 1985, the third test of the reconstructed boiler 'I'P-IOl was carried out by using the shale oil produced at the UTF-3. The im-
provement of the working characteristics of UTI'-3000 has continued. 

Recently, the LO VONIPII (the name of the Research Institute) has designed for Estonia an electric power station that would use 
shale oil and produce 2,600 megawatts. A comparison of its technical-economical characteristics with the corresponding ones of the 
2,500 megawatts power station with direct burning of raw shales was made. It was found that the station on shale oil would be 
more economical than the station with direct burning of shale. 

YAAMBA PRoJECT - Yaamba Joint Venture (Beloba Pty. Ltd., Central Pacific Minerals Nt, Southern Pacific Petroleum N.L. Shell 
Company of Australia Limited, and Peabody Australia Ply. Ltd.) (S-240) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 

Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 4.8 billion 
barrels in situ extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently 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. 

In December, 1988 Shell Australia purchased a part interest in the project. The Yaamba Joint Venture now comprises Peabody 
Australia Pty. Ltd., with 41.66% percent interest, Shell Company Australia with 41.66% interest. &loba Ply. Ltd. with 10%, 
Central Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L. with 3.3%. Beloba Ply. Ltd. is owned 50 010 each by 
SPP and CPM. Peabody Australia manages the Joint Venture which holds two 'Authorities to Prospect' for oil shale in an area of 
approximately 1,080 square kilometers in the Yaamba and Broad Sound regions northwest of Rockhampton. The 'Authorities to 
Prospect' were granted to the Yaamba Joint Venture by the government of the State of Queensland. In addition to the Yaamba 
Deposit, the "Authorities to Prospect' cover a second prospective oil shale deposit in the Herbert Creek Basin approximately 
70 kilometers northwest of Yaamba. Drilling in the Herbert Creek Basin is still in the exploratory stage. Further exploratory drill-
ing of the Herbert Creek Basin is also continuing.
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COMMERCIAL PROJECTS (Continued) 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Yaamba oil shale resource, has now been completed. Environmental baseline investigations were 
carried out concurrently with this study. Further investigations aimed at determining methods for maximum utilization of the total 
energy resource of the Yaamba Basin and optimization of all other aspects of the mining operation, and collection of additional 
data on the existing environment are continuing. 

During 1988, activities in the field included the extraction of samples for small wale testing and the drilling of four holes for further 
resource delineation. 

Project Cost: Not disclosed

R&D PROJECTS 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-270) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing processes developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging. 

In 1988 PAMA signed an agreement with Brazil's Petrobras to test Israeli shale in the Petrosix process. 

PAMA has completed extensive studies, lasting several years, which show that the production of either oil or power (the latter by 
direct combustion of the oil shale) is technically feasible. Furthermore, the production of power still appears economically viable, 
despite the recent collapse of petroleum prices and the uncertainties regarding the economics of production of oil from shale. 

PAMA has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant will be 
built that is in fact a commercial plant co-producing electricity to the grid, and low pressure steam for process application at a fac-
tory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, to be supplied by Ahlstrom, Finland, is based on a 
circulating fluid bed technology. 

Successful demonstration can pave the way to significant commercial production of power from oil shale in the next decade. 

The boiler will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will be sold to process application in a 
chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Commissioning was begun in August 
1989 and oil shale firing was bezun in October. Process steam sales began in November 1989 and electricity production started in 
February. 1990. 

Project Cost:	 million for combustion demo plant 

JULIA CREEK PROJECT - Placer Exploration limited (S-290) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit of 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer was CSR lid, but as a result of purchasing (SR's mineral interests within Australia, Placer Pacific Ltd. is 
now owner of the project. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
avenge oil content of the shale is approximately 70 litres per dry tonne. 

Work carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a recir-
culating solid heat carrier has been concluded and patents for retorting and hydrotreating processes have been obtained. 

No development is planned
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R & 1) PROJECTS (Continued) 

LLNL HOT RECYCLED-SOLIDS (HRS) RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (5-300) 

Lawrence Livermore National Laboratory (LLNL) has for over the last five years, been studying hot-solid recycle retorting in the 
laboratory and in a one-tonne-per-day pilot facility and have developed the LLNL Hot Rec ycled-Solids Retort (HItS) Retort 
(CBR) process as a generic second generation oil shale retorting system. Much progress has been made in understanding the basic 
chemistry and physics of retorting processes and LLNL believes they are ready to proceed to answer important questions to scale 
the process to commercial sizes. Field pilot plant tests at 100 and 1.000 tonnes per day are planned at a mine site in western 
Colorado. Pendin g DOE approval, a ioint aovernment/industr y sponsored test at 100 tonnes per day could begin as early as Oc-
tober 1991. 

In this process, raw shale is rapidly heated in a gravity bed pyrolyzer to produce oil vapor and gas. Residual carbon (char), which 
remains on the spent shale alter oil extraction, is burned in a fluid bed combustor, providing heat for the entire process. The heat 
is transferred from the combustion process to the retorting process by recycling the hot solid, which is mixed with the raw shale as 
it enters the pyrolyzer. The combined raw and burned shale (at a temperature near SOD degrees C) pass through a moving, 
packed-bed retort containing vents for quick removal and condensation of product vapors, minimizing losses caused by cracking 
(chemical breakdown to less valuable species). Leaving the retort, the solid is pneumatically lifted to the top of a cascading-bed 
burner, where the char is burned during impeded-gravity fall, which raises the temperature to nearly 650 degrees C. Below the bur-
ner, a portion of the solid is discharged to a shale cooler for final disposal. 

Commercial realization of this process requires scaling up from the LLNL's existing laboratory-scale (one-tonne-per-day) retort to 
commercial sizes by a factor of 5,000 to 10,000. Understanding and solving solids-handling issues is a major part of that scaleup. 

In fiscal year 1989, fundamental chemistry studies continued, and LLNL has started to look at scaleup of the HRS. They are cur-
rently upgrading the facility to process 4 tonnes-per-day of raw shale, working with the full particle size (0.25 inch). Key com-
ponents of the process will be studied at this scale by adding a delayed-fall combustor and fluid-bed mixer and replacing the rotary 
feeders with air-actuated valves, suitable for scaleup. In fiscal year 1990, LLNL plans to continue to operate the laboratory-scale 
facility and continue conce ptual design of the 100 tonne per day pilot-scale test facility. 

NEW PARAHO ASPHALT FROM SHALE OIL PROJEa—New Paraho Corporation (5-310) 

New Paraho Corporation is a wholly owned subsidiary of Energy Resources Technology Land, Inc. New Paraho Corporation plans 
to develop a commercial process for making shale-oil-modified road asphalt. Researchers at Western Research Institute (WRI) 
and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a significant reduction in mois-
ture damage and a potential reduction in binder embrittlement when added to asphalt. This is particularly true for shale oil 
produced by direct-heated retorting processes, such as Paraho. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion of a 
comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based 
commercial production facility. 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $2.5 million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified as-
phalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in Paraho's 
pilot plant facilities, located near Rifle, Colorado in August, 1988. The retort was operated at mass velocities of 418 to 538 pounds 
per hour per square foot on 23 to 35 gallon per ton shale and achieved an average oil yield of 963 percent of Fischer Assay. In 
1988, New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from crude shale oil. 

Six test strips were constructed in 1989 in Colorado, Utah and Wyoming. The test strips will now be evaluated over a period of 
several years, during which time Paraho will complete site selection, engineering and cost estimates, and financing plans for a com-
mercial production facility. 

The size of the commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,01)) barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200 - $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time frame.
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R & D PROJECTS (Continued) 

At the present time, Paraho states that it has access to two different resource sites upon which the commercial production facility 
could be located: a site on the Mahogany Block in northwest Colorado; and the Paraho-Ute properties, located near Vernal, Utah. 
Of these options, the Mahogany site represents the most economically viable alternative and, accordingly, is the preliminary loca-
tion of choice. 

Approximately 1,500 acres of the Mahogany Block are still controlled by the Tell Ertl Family Trust and are available to New 
Paraho although the largest part of the original block was sold to Shell Oil Company. New Paraho also maintains control of ap-
proximately 3,400 acres of oil shale leases on state lands in Utah. 

Project Cost: $2,500,000.	 The company spent $100,000 in 1987, $1,100,000 in 1988 and $778,000 in 1989 on shale oil asphalt 

research. 

R.APAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (S-320) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Inter-
national Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 

Developmental works were conducted on pretreating technology, two hydrorefining processes using fixed-bed type and ebullatcd-
bed type reactors, high-performance catalysts for those processes, and two-step treating systems. 

Life tests of one of the catalysts containing molybdenum and promoting metals showed that steady 94 percent denitrogenation can 
be attained for 100 days. Production conditions for the catalyst were established. 

Optimum reaction conditions of the above process, and properties of products were also sought and gained. Shale oils were par-
tially hydrorefined in the first stage, and further hydrorefined in the second stage under conditions typical of existing petroleum 
refineries. 

Project Cost: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT - United Nations (5-330) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters where it then levels, although the oil 
shale seams are not planar. 

An experimental 3.5 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aleksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. The 
retort injection mixture would be 50 percent air and 50 percent steam. As a future development, eight modules of IMIS retorts 
would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at full 
production (about I 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 cost was estimated to 
be $7.00 (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for a 
full-scale 20,000 barrels per day operation would be given only after the results of the pilot module are known. The pilot module 
has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment had been expected in 
1988 but is now postponed to at least 1992. 

The project is currently considered to be suspended. 

Project Cost: US$12,000,000
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COMPLETED AND SUSPENDED PROJECTS 

Proiect Sponsors Last Appearance in SFR 

American Syncnsde Indiana Project American Smcnide Corp. September 1987; page 2-53 
Stone & Webster Engineering 

Baytown Pilot Plant Exxon Research and Engineering September 1987; page 2-60 

EX In Situ Oil Shale Equity Oil Company March 1984; page 2-52 
Project 

Cottonwood Wash Project American Mine Service March 1985; page 2-73 
d yes Corporation 
Deseret Generation & 
Transmission Coop. 

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page B4 

Duo-Es Solvent Extraction Pilot Solv-Ex Corporation September 1989; page 2-55 

Eastern Oil Shale In Situ Project Eastern Shale Research Corporation September 1989; page 2-55 

Exxon Colorado Shale Exxon Company USA March 1985; page 2-73 

Gelsenkirchen-Scholven Veba Oel June 1987; page 2-52 
Cyclone Retort 

Japanese Retorting Processes Japan Oil Shale Engineering Company September 1989; page 2-56 

Laramie Energy Laramie and Rocky Mountain June 1980 page 2-34 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page S-3 

Means Oil Shale Project Central Pacific Minerals June 1987; page 2-47 
Dravo Corporation 
Southern Pacific Petroleum 

Nahcolite Mine #1 Multi-Mineral Corporation September 1982; page 2-40 

Naval Oil Shale Reserve United States Department June 1987; page 2-53 
of Energy 

Oil Shale Gasification Institute of Gas Technology December 1978; page B-3 
American Gas Association 

Pacific Project Cleveland-Cliffs June 1987; page 2-48 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979-,page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility 

Seep Ridge Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

Sitmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

Triad Donor Solvent Project Triad Research Inc. December 1988; page 2-48
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United Slates Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecco, Inc. September 1978; page B-3 
Unnamed Fracture Test Talley Energy Systems September 1978; page 0-4 

White River Shale Project Phillips Petroleum Company March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Ornnization Proiect Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 247 

Beloba Ply. Ltd. Yaamba Project 2-49 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-40 

Central Pacific Minerals Acorn Project 2-40 
Condor Project 2-41 
Rundle Project 248 
Yaamba Project 2-49 

Chevron Shale Oil Company Clear Creek Project 241 

Conoco Inc. Clear Creek Project 241 

Edwards Engineering Company Edwards Engineering 242 

Esso Australia Ltd. Rundle Project 248 

Exxon Company USA Colony Shale Oil Project 2-41 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 244 

Gencor Trans Natal T-Project 248 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-47 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-51 
Trade and Industry 

Jordan Natural Resources Jordan Oil Shale Project 2-44 

Lawrence Livermore National Laboratory LLNL Cascading Bed Retort 2-51 

Maoming Petroleum Industrial Corporation Manning Commercial Shale Oil Plant 245 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 245 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 241 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-51 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 240 

Office National de Recherche et Morocco Oil Shale Project 245 
d'Exploitation Petrolieres 
(0 NA REP) 

PAMA Inc. Israeli Retorting Development 2-50 

Peabody Australia Ply. Ltd. Yaamba Project 249 

Petrobras Petrosix 2-46 

Placer Exploration Limited Julia Creek Project 2-50 

Ramex Synfuels International Ramex Oil Shale Gasification Process 247 

Republic of South Africa Trans Natal T-Project 245 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 247
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Company or Ornanization Prolect Name 

Sinopcc Fushun Commercial Shale Oil Plant 243 
Maoming Commercial Shale Oil Plant 245 

Southern Pacific Petroleum Acorn Project 240 
Condor Project 241 
Rundle Project 2-48 
Yaamba Project 249 

Tosco Corporation Tosco Sand Wash Project 248 

Trans Natal Trans Natal T-Project 248 

Unocal Corporation Parachute Creek Shale Oil Program 245 

Union of Soviet Socialists Republics Estonia Power Plants 243 
Kiviter Process 244 
U`IT-30D0 Retorting Process 2-49 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-51 

Yaamba Joint Venture Yaamba Project 249 

Western Slope Refining Gary Refinery 243
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PROJECT ACTIVITIES 

os'o ENVIRONMENTAl. REVIEW AGREEMENT REACHED 

The Governments of Canada and Alberta in January 
announced an agreement on the principles governing 
a cooperative environmental review process for the 
proposed $4.1 billion OSLO oil sands project. 

Under the terms of the agreement announced by Al-
berta Minister of the Environment Ralph Klein and 
federal Environment Minister Lucien Bouchard, a 
public review panel will be named to conduct public 
hearings into the project. The hearings will likely 
be held late in 1990, following the filing of a for-
mal project application. 

The panel will consist of five Athena Energy 
Resources Conservation Board (ERCB) members, two of 
who will be Acting Members Identified jointly by the 
two governments. The Acting Members will be Al-
bertans who will add to the environmental expertise 
of the panel. 

The public review of the project will address all 
aspects of the OSLO proposal and will review in 
detail the environmental implications. The scope of 
the review will meet the requirements of the Al-
berta Energy Resources Conservation Act and con-
stitute a joint review under the provisions of the 
federal Environmental Assessment and Review Process 
(EAR?) Guidelines Order. It will specifically include 
environmental matters of particular relevance to 
federal responsibilities such as potential impacts on 
transboundary air and water quality and on native 
people. 

In announcing the agreement, Minister Klein said, 
'this cooperative effort provides certainty for the 
companies and the public as to the review process. 
It provides for federal government participation and 
Input from the public, and accommodates the inter-
ests of all parties. I am particularly pleased that 
we can take advantage of the broad experience of 
the ERCB is conducting public hearings of this 
nature." 

Minister Bouchard applauded the agreement as 
another example of the commitment of both govern-
ments to work together when cooperation in the en-
vironmental assessment of major projects Is required. 

In noting that the review would meet the require-
ments of the federal EAR?, Mr. Bouchard added "A 
joint review with the province would normally entail 
joint or co-chairmanship modeled after the Alberta-
Pacific Review Board. However, recognizing that the 
very broad responsibilities of Alberta's ERCB go well 
beyond environmental assessment and that most of 
these responsibilities fail within the exclusive pur-
view of the province, the arrangement established 
for the OSLO review provides for a provincial chair-
man only."

SOLY-EX BUYS LEASE INTEREST 

Solv-Ex Corporation has filed a form 8-K with the 
Securities and Exchange Commission announcing the 
purchase of 48.5 percent of the stock plus an as-
signment from the seller for voting rights to an ad-
ditional 22.5 percent of the stock of Can-Amera Oil 
Sands, Inc., a Canadian corporation. The purchase 
price included cash payments of $150,000 and 
75,000 shares of Solv-Ex common stock. Can-Amera 
owns royalty and residual interest in the Bitumount 
Lease, the same lease in which Solv-Ex has a sig-
nificant interest. 

As a result of the transaction a new Can-Amera 
Board was elected. The new board is headed by 
J. Kendall as President with T.F. Scott as Vice 
President, and E. Wetherell as Secretary. 

Can-Amera was founded in 1953 for development of 
a solvent extraction technology to produce oil from 
the Athabascan Oil Sands. 

Donaldson, Lufkin & Jenrette continue to act as in-
vestment bankers for financing Solv-Ex's Bitumount 
Project which involves the proposed production of 
synthetic crude oil, alumina, gold, and titanium 
dioxide. Meanwhile, the company says it is examin-
ing alternative routes for financing the project as a 
result of the Can-Amera acquisition. 

The company's plan is to develop a 10,000 barrels 
per day oil extraction plant on the 5,873-acre 
Bitumount Lease. 

In March 1989, Solv-Ex submitted a proposal to the 
Alberta government for a bitumen and minerals ex-
traction plant worth up to C$200 million. At the 
time, Solv-Ex said bitumen likely represented about 
15 percent of the potential gold, silver and titanium 
mineral values contained in the oil sands on the 
lease. A recent patent has been issued to Solv-Ex 
on the extraction process, which leaves behind clean 
sand. 

J. Rendall has said that 14 companies are potentially 
interested in becoming partners in a commercial 
development project. 

AOflA PLANS TO EXTEND UTF PROGRAM 

The Athena Oil Sands Technology and Research 
Authority (AOSTRA) has been very pleased with 
results to date at its Underground Test Facility. As 
stated in the January issue of AOSTRA's Tar Paper, 
the UTF (Underground Test Facility) Is proving to be 
a key to meeting the biggest remaining challenge in 
the Authority's original mandate, that of in situ 
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bitumen production from the Athabasca oil sands. 
The UTE has demonstrated technical breakthroughs 
that now provide excellent prospects for commercial 
production from the vast reserves not accessible by 
surface mining. 

Situated on a 20,000-hectare lease, the VIP Is north 
of Fort McMurray, Alberta, Canada. here the 
McMurray pay zone is too deep for surface mining, 
yet too shallow for most conventional in situ opera-
tions.	 The UTF lease is thus a good location for
testing new approaches to the recovery of these 
otherwise unrecoverable reserves, and contains 
deposits extensive enough for commercial-scale 
demonstrations. 

The UTF project was conceived to Investigate and 
develop horizontal-well In situ recovery processes 
and the associated shaft-and-tunnel access (SATAC) 
and underground drilling technologies (see Figure 1). 
Twin three-meter shafts were sunk from the surface 
to the Devonian limestone underlying the McMurray 
oil sands. A network of tunnels was then con-
structed in the limestone, and from these, a spe-
cially designed drilling system was used to drill 
wells up to and then horizontally through the oil 
sands.

FIGURE 1 

SCHEMATIC OF UTF CONCEPT 
INCLUDING SHAFTS, TUNNELS AND 

PAIRED HORIZONTAL WELLS

The first process identified for testing In the UTF's 
staged piloting program was an application of 
steam-assisted gravity drainage (SAW)). The SAGE) 
process employs a pair of superposed horizontal wells 
placed low In the oil sand formation. Steam is in-
jected through the upper well and flows through the 
highly permeable depleted zone to the cold face 
where It condenses, heating the bitumen. Conden-
sate and mobilized bitumen drain by gravity to the 
lower production well. The depleted zone rises and 
spreads as the pay zone is exploited. 

Tests of Chevron's heated annulus steam drive 
(HASDrive) process were begun Inter. The HASDrive 
process combines features of the SAGE) process with 
a controlled steam drive to effectively drain the 
formation. 

Both of these UTF field programs have been out-
standing successes, according to AUSTRA, and provide 
technical justification for Phase B expansion to 
demonstrate the SAGD process at full pilot scale. 
Economic justification for further piloting is indi-
cated by a recent update of the potential 
commercial-scale economics based on the technical 
results achieved in Phase A. AOSTRA has presented 
Industry participants with proposals for funding the 
Phase B program which would entail testing the 
SAW) process in three pairs of commercial-length 
wells. Engineering work is already well underway on 
the expansion program which should commence early 
In 1990 and run through March 1994. 

The aim of this stage is to extend the length of 
the horizontal welibores to 1,640 feet. This com-
pares to 164 feet of producing bore length in the 
first phase effort.	 Following Phase B,	 a
commercial-scale project could be undertaken. 

AOSTRA believes a full-scale UTF project, capable of 
producing 12,500 barrels per day of bitumen, would 
have a capital cost in the neighborhood of 
C$155 million. Assuming a 10 percent return, 
bitumen production costs are calculated at about 
C$10.88 per barrel. 

RECENT Oil. SANDS ORDERS AND APPROVALS LISTED 

Recent orders and approvals in the oil sands area as 
listed by the Alberta Energy Resources Conservation 
Board are shown in Table 1. 
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TABLE 1

SIW&RY OF OIL SANDS ORDERS AND APPROVALS 

Order Expires/ 
Minter Date Description Rescinds 

App 44918 1 Nov 89 Cumercial oil sands 
schens 
Arroco Canada 

- Petroleum Co. Ltd. 
Lindbergh and St. Paul 
Sectors 28 Feb 91 

App 4206F 18 Jan 90 Experinental oil 
sands schenEs 
Canterra Energy Ltd. 
Kearl Lake Area 31 Jan 92 

App 4467A 12 Jan 90 ExperinEntal oil 
sands schenes 
Canadian Occidental 
Petroleum Ltd. 
Wolf Lake Sector 31 Jan 93 

App 6099 11 Jan 90 'Cczmtrcial oil sands 
s chenes 
PanCanadian Petroleum 
Ltd. 
Lindbergh Sector 31 Dec 2007 

App 6125 10 Jan 90 Prim ry recovery 
a chens 
Deal Resources 
Managenrnt Co. Ltd. 
Frog Lake Sector

3-3	 SYNTHETIC FUELS REPORT, MARCH 1990 



CORPORATIONS 

UNITARJUNDP CENTRE FOR HEAVY CRUDE RETAT 
MISSION 

The tfllTAR/UNDP Centre for Heavy Crude and Tar 
Sands recently underwent an organizational review by 
outside consultants. The evaluators summarized their 
conclusions as follows: 

"We believe that the Centre is recognized as 
the major international agent for the ongoing 
exchange of Information on heavy crude and tar 
sands, in the opinion of the Evaluators, the 
Centre should now more aggressively pursue the 
second part of Its mandate, facilitating the 
transfer of technology to developing countries. 
Every effort should be made to increase the 
financial and technical support provided to the 
Centre by private sector companies and ap-
propriate United Nations technical resource 
groups. Private sector companies should be en- 
couraged to become full members of the 
Centre, explaining the potential benefits of this 
unique private sector/United Nations partnership. 
We believe that the United Nations, through 
UNDP, should more fully demonstrate Its com-
mitment to the Centre by providing long term 
financial support." 

In their report the evaluators made the following 
four key recommendations that the Centre: 

- Seek re-validation of its mission 

- Involve the developing countries more ac-
tively in its programs 

- Give the Advisory Board a more executive 
role 

- Seek new ways for the private sector and 
the United Nations System to participate 
more fully in its activities 

The Advisory Board of the Centre at its meetings on 
September 28-29, 1989, in New York City, New York 
reviewed the report and endorsed the principles of 
the recommendations, subject to some minor revi-
sions. 

The main recommendation of the evaluators suggested 
that, after eight years of operation, the mission of 
the Centre needed to be re-validated. This was en-
dorsed by the Advisory Board and the mission of the 
Centre was restated as follows: 

To promote the development and utilization of Heavy 
Crude and Tar Smith rearratmes of the wcrlth 

(1) Thnmgli the at1siai, almlyBb and cBs-
aemlnauon of lMormaticm at all matters re-
lated to heavy auth and tar safl; and

(2) By facilitating co-operation between 
developing countries that are endowed with 
heavy crude and tar sands resources and 
countries, organizationsand companies that 
can assist In the development of these 

With regard to the second Item it was decided that, 
in the future, all qualified oil-importing developing 
countries will be automatically entitled to take part 
in the Centre's activities. The Centre was in-
structed to work closely with UNDP to ensure that 
the developing countries wishing to take advantage 
of this opportunity were able to do so. At the 
recommendation of Mr. Michel Doe Kingue (Executive 
Director of UNITAR), the Centre was instructed to 
prepare a strategy document for a program to meet 
the needs of the developing countries with heavy 
crude and tar sands resources. 

The recommendation of the evaluators that the Ad-
visory Hoard have a more executive function was 
accepted and the Centre was directed to prepare a 
brief on this subject. 

The last recommendation by the evaluators was also 
agreed to by the Advisory Board and it was decided 
that, at the present time, because there appears to 
be little prospect of attracting major private sector 
financial sponsors, the Centre should therefore seek 
support in kind, or any other means that may help 
the Centre to fulfill it's responsibilities. 

AOflA TECHNOLOGY PROGRAM SUMMARIZED 

On December 5, R.W. Luhning of the Alberta Oil 
Sands Technology and Research Authority (AOSTRA) 
reviewed for the Canadian Heavy Oil Association 
AOSTRk5 oil sands technology development program. 
His presentation in general paralleled that presented 
in the Pace Synthetic Fuels Report, December 1989, 
page 3-7. Those aspects not covered In the previ-
ous article are summarized in the following discus-
sion. 

AOSTRA was formed by the Athena Provincial 
Government in 1974 with the mandate to develop 
technology for the efficient and economic recovery 
and processing of bitumen, heavy oil and conven-
tional crude oil with environmentally acceptable 
technology.	 The technology developed was to be 
transferable to industry and other nations. Within 
the framework of the mandate, seven key objectives 
were established for AOSTRA. The seven key objec-
tives are as follows: 
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- At least one In situ recovery process for 
each major oil sands reservoir; 

- More effective, efficient, and environmentally 
acceptable upgrading technology; 

- Resolution of major technical problems of 
current surface mining technology; 

- Evolutionary increases in percent recovery 
from in situ processes; 

- Alternative surface extraction technology; 

-' Conversion of oil sands and heavy oil Into 
higher valued products; 

- Enhanced recovery technology for crude oil. 

The development of oil sands in Alberta has been 
ongoing for many years and the petroleum Industry 
In total has invested some $20 billion dollars in the 
development of the oil sands, including the commer-
cial production developments now in operation. 

AOSTRA's annual budget Is approximately $50 million 
directed towards development and eventual commer-
cialization of Alberta's hydrocarbon resources. 	 - 

Current Commercial Bitumen Production in Athena 

Luhning points out that currently over 90 percent of 
the world demand for petroleum is supplied by light 
and medium oil while these crude oils account for 
less than 25 percent of the remaining world 
petroleum resources. 	 As light oil reserves are 
depleted and/or prices rise, 	 the production of
bitumen from oil sands will assume increasing Impor-
tance. Oil sands, heavy oil and enhanced oil 
recovery represent the future of the oil industry in 
Alberta with the ongoing slow decline in conven-
tional oil production. 

In Canada the National Energy Board has estimated 
that conventional oil production in Canada will 
decline by close to half a million barrels per day 
over the next decade. Increasingly the vast Athena 
oil sands bitumen reserves will be considered to fill 
the future shortfalls in energy availability. It Is 
estimated that over 50 billion cubic meters are 
economically recoverable from the Alberta oil sands. 
This is a resource comparable to all the reserves of 
the Middle East. 

Light oil production In Athena appears to have 
peaked and bitumen production has been increasing 
with bitumen/synthetic oil now making up about 
20 percent of Canada's total production of crude oil. 
About 43,000 cubic meters of bitumen/synthetic oil 
are produced daily and 15,000 cubic meters per day 
are produced by the surface mining of oil sand at 
Fort McMurray by the Syncrude and Suncor opera-
tions. The bulk of the thermal in situ production of 
bitumen comes from three commercial projects. The 
largest is the Esso Resources development at Cold 
Lake which produces about 13,000 cubic meters per 
day.	 A recent Esso annual report, indicated that

over half of its Canada wide production came from 
bitumen and heavy oil sources, UP Canada and 
Petro-Canada jointly have a 1,000 cubic meters per 
day development at Wolf Lake in the Cold Lake oil 
sands.	 Shell Canada's PREP project In the Peace 
River oil sands produces about 1,600 cubic meters 
per day of bitumen. AOSTRA was a 50 percent 
participant in the pilot plants that developed the 
technology used in Wolf Lake and Peace River 
operations and is the owner of the technology being 
used at both sites. Considering announced plans for 
expansion, in situ bitumen production will surpass the 
current production levels of synthetic crude oil from 
the oil sands although current oil prices have led to 
delays in implementation. Most Canadian in situ 
produced bitumen is pipelined to the United States 
northern refineries as a blend of 70 percent bitumen 
and 30 percent diluent. 

Other commercial projects which are under discussion 
or underway which would Influence bitumen produc-
tion in Alberta include: 

- New OSLO mining plant. 

- Regional Upgrader at Lloydmlnster 

- Major Syncrude and Suncor oil sands mining 
plant expansion. 

- Suncor's Burnt Lake In Situ Recovery Project. 

- Esso's Cold Lake In Situ Recovery Expansion. 

In Situ Bitumen Recovery Processes 

AOSTRA's thrust for bitumen recovery technology 
development has concentrated on thermal in situ 
recovery methods. Over 90 percent of the total In 
place bitumen in Alberta is too deeply buried to be 
recovered by commercial surface mining methods. 
(The in situ technology development program was 
discussed in the December article referred to 
previously.) 

Surface Mined Bitumen Recovery 

The commercial surface mining operations for the 
recovery of bitumen are near Fort McMurray in the 
Athabasca oil sands. In these operations the oil 
sands are surface mined and the bitumen removed 
from the oil sand by a water washing and bitumen 
flotation process called the Clark Hot Water Process. 
The hot water method, while efficient, results in 
large tailings ponds with clay/water sludge. 	 The
environmental consequences of these clay/water tail-
ing ponds are substantial. This problem would be 
multiplied many fold with the Installation of future 
plants based on the current hot water technology. 
New environmentally acceptable technologies are 
therefore a high priority matter. Discussed In the 
December article referred to previously are AOSTRA 
efforts involving improved extraction methods using 
the Taciuk Processor, the Solv-Ex Process and the 
SESA Process. Upgrading of crude bitumen has been 
studied with the Gulf ORB Process, the H-Oil High 
Conversion Process, the Veba Combi Cracking Process, 
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the HSC-ROSE Process, and the CANMET Hydrocrack-
lag Process. 

Dredge Mining and Cold Water Extraction 

AOSTRA and the OSLO Group (Ewe, Canadian Oc-
cidental, Gulf Canada, Alberta Oil Sands Equity, and 
PanCanadian) have funded the first two years of a 
multi-year project, on a 50-50 basis, to evaluate the 
use of suction dredges for mining of oil sands and 
to develop a compatible cold water extraction 
process. The object of this approach is to reduce 
the overall cost of bitumen production from mined 
oil sands. The first year (1987/1988) program con-
sistd of laboratory bitumen extraction tests; design, 
construction and operation of a laboratory sized 
pilot dredge; oil sands slurry pumping and dispersion 
tests; and a feasibility study for field testing of the 
pilot dredge coupled with the cold water process. 
The experimental results were positive, showing at-
tractive bitumen recovery in the laboratory extrac-
tion tests and physically illustrating the ability to 
dredge and extract bitumen in an integrated opera-
tion of the laboratory-sized pilot plant in Calgary. 
The main activities conducted in Year Two 
(1988/1989) of this project consisted of ice melting 
tests for year round dredging carried out at Esso 
Resources' test basin in Calgary, continuation of 
laboratory scale extraction tests, transportation, 
set-up and field testing of the integrated dredging, 
pipelining, and extraction pilot plant at a location 
on lease #41 near Fort McMurray with a detailed 
engineering study and preparation of final cost es-
timates for a 600 tonne/hour field demonstration 
facility. The field work is continuing. 

Borehole Mining

About	 14	 percent	 of	 the	 oil	 sands	 bitumen	 in the 
Athabasca	 deposit	 Is	 too	 deeply	 buried	 to be 
economically	 recovered by surface	 mining but yet Is 
not	 deeply	 buried	 enough	 to	 allow	 recovery	 using 
conventional	 thermal	 in	 situ	 recovery	 processes. A 
potential	 method for	 recovery of oil sands	 with	 this 
"in-between"	 thickness	 of	 overburden	 coverage is 
through	 the use of borehole	 mining in which the oil 
sands	 may be	 "mined" through	 a well from the sur-
face by using cutting jets	 of high pressure	 water to 
loosen	 the	 oil	 sands	 and	 transport	 the	 material to 
the surface	 for processing.	 AOSTRA	 and the	 OSLO 
Group	 have	 carried	 out	 preliminary	 testing	 of a 
borehole	 mining	 development	 in	 the	 Athabasca oil

sands near Fort McMurray. Laboratory tests were 
conducted to simulate the high pressure water jet 
cutting of oil sands at the bottom of a borehole. 
These were followed by a field test of oil sands 
cutting using high pressure water jets. The program 
was continuing in 1989. 

University/Institutional Research Programs 

AOSTRA finances a number of major research efforts 
at universities and research institutes. The AOSTRA 
University Research Program is the largest focused 
university research program in Canada with projects 
at almost every university in Canada. The university 
projects are directed toward investigations of fun-
damental properties affecting the recovery of 
bitumen, heavy oil and enhanced oil recovery. The 
university projects encompass areas such as reaction 
kinetics of bitumen, chemical structures, physical 
property measurements, byproduct use development 
(vanadium, coke), and process related studies. 

AOSTRA funds research at the Alberta Research 
Council for the development of physical simulators 
and associated programs to test and develop new in 
situ recovery processes. The largest of the 
simulators can hold almost two tonnes of oil sands 
and can operate at steam pressure up to 
10,000	 kilopascals	 and	 with	 as	 much	 as 
13,800 kilopascals overburden pressure. The major 
research program conducted by the Alberta Research 
Council has used these test simulators to evaluate a 
wide range of gases and hydrocarbons as additives 
to injected steam. The Research Council is also 
conducting basic research in the areas of emulsion 
formation and properties, mechanisms of oil displace-
ment, geochemical studies and physical property 
measurement plus development of steam based 
numerical models to relate simulator data to field 
performance. 

AOSTRA is the major funder of the Petroleum 
Recovery Institute in Calgary, Alberta, Canada which 
is aimed at the development of improved enhanced 
recovery methods for conventional and heavy oil 
reservoirs. AOSTRA also supports the Computer 
Modeling Group in Calgary, Alberta which develops 
computerized numerical models for reservoir predict-
ions of in situ recovery processes. 
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GOVERNMENT 

CHANGE IN ALBERTA LEASE PROCEDURES COULD 
FORCE Oil. SANDS DEVELOPMENTS 

The Government of Alberta Is said to be considering 
a revamp of its heavy oil and oil sands leasing pro-
cedures In such a way that some companies could be 
forced to either begin development soon or else to 
abandon their leases. The proposed changes would 
apply to third-term renewals of oil sands leases. 

The present stipulation is that a third 15-year term 
will be granted only If the lease is in production at 
a rate specified In the lease. This would be re-
placed by a requirement to file an acceptable com-
mitment to a production plan. The lessee would be 
able to retain under lease sufficient barrels in 
reserve to sustain 40 years of bitumen production 
and an additional 40 years worth for fully-upgraded 
production, according to a government spokesman. 

One of the reasons stated for the proposed change 
is that there is a 'clustering" of current lease ex-
piration dates between 1998 and 2003. It Is un-
realistic to expect all those lands to be on produc-
tion at rates specified in their leases. 

The government Is currently discussing guidelines for 
activity with the oil industry. These guidelines 
would specify the type of activity necessary for an 
oil sands lease to be renewed. 

Proposed new legislation could become a driving 
force toward oil sands and heavy oil development 
over the next decade. The government believes such 
an activity requirement on the leases Is necessary 
because of the continuing postponement or out-right 
cancellation of various projects. 

The new legislation could be put In place sometime 
this year. Current oil sands leases begin expiring in 
1996. 

DOE SIGNALS SHIFT IN OIL AND GAS RESEARCH 
PROGRAM 

The United States Department of Energy (DOE) In-
vited the nation's experts In oil and gas technology 
to Washington, D.C. on January 31 for a meeting In-
tended to lay the groundwork for significant new 
changes In the federal government's oil and gas 
research programs. 

The meeting was hosted by Deputy Energy Secretary 
H. Moore. 

Chief among the topics was the department's plans 
to change Its previous policy of funding only long-
term, high-risk oil and gas research. 	 Much of the

planned research now will be intended to assist the 
nation's petroleum and gas producers within the next 
one to five years, rather than the 10- to 20-year 
timeframes envisioned in prior projects. 

Attendees were given drafts of the Energy 
Department's strategy and Implementation documents 
for its hydrocarbon geoscience and advanced oil and 
gas recovery programs. They were then asked to 
review the documents and submit their comments to 
the department within 15 days. 

The department will use comments received at the 
meeting and subsequently submitted by attendees in 
finalizing a plan for an advanced oil and gas 
research program that Is to be submitted to Con-
gress sometime in March. 

In remarks delivered at the meeting, Moore said tes-
timony at DOE's hearing in Houston in December 
showed that sufficient oil resources exist in the 
United States to keep production stable for 40 to 
50 years, at a price of $25 per barrel, if we can 
improve today's technology. 

Moore said, "1 certainly cannot imagine a strategy 
that says we should not fully exploit this enormous 
resource potential. In fact, the truth Is just the 
opposite. 

This oil is so important to our nation's economic 
growth and strategic security that we simply cannot 
wait another year to begin doing something about It. 

The national energy strategy hearings tell us this. 
The National Petroleum Council tells us this. 	 The 
Energy Research Advisory Board tells us this. 	 The 
Geoscience Institute tells us this. 	 And we are lis-



tening. 

That is why we have brought you here today--to 
announce and seek your views on a fundamental 
restructuring of the Energy Department's oil and gas 
research and development program--from long-term, 
high-risk basic research to near- and mid-term ap-
plied research. The goal is more effective and 
widespread use of existing technology to keep mar-
ginal fields in production, until technology advances 
can substantially Improve recovery efficiency In this 
decade. 

In 1985 about 80 percent of our funds went to im-
prove basic knowledge; only about 20 percent was 
devoted to preventing abandonments and maximizing 
recovery. 

Now we are proposing to reverse these 
percentages--to direct upwards of 75 percent of our 
research and development funds over the next 
decade to develop better reservoir knowledge and 
better recovery technologies so we can keep mar-
ginal fields producing, improve recovery rates and 
capture a far greater proportion of our vast existing 
oil resource. 
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Our program does not exclude long-term research. 
But it recognizes the sobering reality that, if we do 
not slow abandonments and improve production rates 
in this decade, there won't be much of a domestic 
Industry left in the next one to benefit from basic 
research. 

Why do we believe such a fundamental shift is 
necessary? Because, in terms of our nation's 
economic growth, global competitiveness and strategic 
security, oil is and will continue to be essential, 
well into the middle of the next century, perhaps 
longer. From this perspective, the most significant 
problem facing the United States oil industry today 
is the need to stop abandonments of producing wells. 

We recognize the oil and gas sectors have many 
research and development needs, but within the 
Department, we must prioritize our use of scarce 
resources and direct them where we think the 
problem is the most acute and the payback 
greatest--in our Judgment, the abandonment of exist-
ing wells. 

A	 study	 based	 on	 data	 from	 more than 
600	 reservoirs In	 eight	 major	 oil producing states, 
projects	 that nearly	 60	 percent	 of the known crude 
oil remaining in the	 lower-48 states could be left	 in 
abandoned or inactive	 oil	 fields	 by the	 turn of	 the 
century,	 even if	 oil	 prices	 return to	 the	 $30 a 
barrel	 range. If	 prices	 remain level, up	 to 
70 percent	 of the resource base could be abandoned 
in 10	 years.

These are disturbing numbers, not just for the in-
dustry, but also for the nation. And they explain 
why we are shifting research emphasis and have 
selected marginal production and recovery efficiency 
as priorities. 

Under this restructured research and development 
program, we have two objectives: 

- To develop reservoir characterization infor-



mation for all the major producing states. 

- To begin working with industry to apply more 
effective recovery technologies in the most 
threatened fields. 

In the near-term, we estimate an additional 
15 billion barrels of oil could be recoverable with 
more effective use of existing technologies, like im-
proved waterfiooding and in-fill drilling. 

Here, the Department will serve as a clearinghouse 
for information and technology transfer. 

If we can keep high-risk reservoirs in production 
over the next five years or so, then by the mid-
term, we should start to see technology advances 
that will really begin to improve recovery--that 
61 billion barrel target."

HORIZONTAL DRILLING FORCES CHANGES IN 
REGULATORY PROCEDURES 

Horizontal drilling, once a novelty, is rapidly 
developing as an enhanced recovery technique with 
applications for heavy oil and oil sands development. 
For example, two heavy oil horizontal well drilling 
projects undertaken by CS Resources of Calgary, Al-
berta, Canada during 1988 demonstrate the potential 
of the technique if the geology and stratigraphy of 
the reservoirs is clearly understood. 

One of the operations was in the Pelican Lake 
region of Northern Alberta, the other in the Winter 
field of west central Saskatchewan. 

From a reservoir perspective, the major benefits of 
horizontal drilling are based on increased produc-
tivity and improved sweep efficiency. 

Three typical criteria (thin reservoirs, water/gas con-
ing problems and vertical fractures) all lend them-
selves to horizontal well drilling as a method to in-
crease production and sweep efficiency. Heavy oil 
sands reservoirs often have thin reservoirs and con-
ing difficulties. 

Due to technical and economic successes in a num-
ber of applications, the number of horizontal wells 
drilled in North American is expected to increase 
exponentially. However, use of the technique 
presents some problems to oil and gas regulatory 
commissions, as explained in an article by K. Wilson 
in Resource Law Notes. 

Horizontal Drilling 

Modem horizontal drilling is essentially the applica-
tion of new technology and equipment to the "drain 
hole" concept developed in the 1920s and 30s. By 
utilizing unique methods of directional control, along 
with measurement-while-drilling tools and steerable 
motors, operators are now able to drill vertically to 
a target formation, turn on a short radius into the 
formation, and extend the borehole for thousands of 
feet in the formation. 	 The three major horizontal
well completion methods are illustrated in Figure 1. 

Horizontal well completion techniques have given 
operators an ability to obtain optimum primary 
production from thin, discontinuous formations, and 
formations with low permeability or matrix porosity 
by exposing much more of the formation to the 
pressure differential which occurs at perforation 
points, it is the addition of new target formations 
that has caused much of the excitement In the oil 
and gas community, and put landmen back in the 
field seeking to lease acreage that was dropped in 
the downturn of oil prices in the mid-1980s. 

However, says Wilson, it is the economies of 
horizontal wells that have brought to issue the man-
ner in which such wells should be treated from a 
regulatory standpoint. Performance multiples of two 
to ten times vertical well productivity at costs of 
1.5 to two times the cost of drilling a traditional 
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vertical well raised questions in the minds of offset 
operators as to how horizontal wells fit into the 
scheme of well spacing already in place. 

FIGURE 1 

HORIZONTAL DRILLING
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Coinervatlon Regulation 

The oil and gas conservation acts of many states 
are based on the 1950 model legislation promulgated 
by the Interstate Oil Compact Commission. The 
model act suggested three ways of preventing (or at 
least controlling) waste and protecting correlative 
rights--(I) well spacing, (2) individual well or field 
production restrictions, and (3) proration based upon 
market demand. However, the legislatures In many 
states rejected the concept of market demand prora-
tion, and have delegated only spacing and production 
restriction authority to the oil and gas conservation 
boards and commissions. In turn, most state com-
missions find the Imposition of production restrictions 
distasteful, and have routinely resorted to well spac-
ing as the primary means of achieving waste 
prevention and the protection of correlative rights. 

Well Spacing 

Typically, when a commission or board is considering 
the spacing applicable to a given area following dis-
covery, the areal extent of the common pool subject 
to drainage Is determined, and testimony Is received 
concerning oil in place, recoverable reserves, 
projected rates of recovery, and the number of wells 
that can be economically drilled given well costs 
and projected rates of return on Investment. In 
practice, operator-applicants will request--and the 
commissions will usually grant--spacing units of the 
size and shape historically assigned to a given for-
mation at similar depth. 

Given this normal well spacing procedure, spacing 
today Is largely the same as the spacing of yes-

teryear, which Is the product of vertical drilling 
operations. historic spacing patterns normally utilize 
subdivisions of the governmental rectangular survey 
system, and such utilization has its roots in the ac-
cepted engineering principle that vertical 'veils are 
presumed to have circular drainage patterns. In 
contrast, horizontal wells will display an oblong-
shaped drainage area (Figure 2). 

FIGURE 2 
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Traditionally, conservation boards have attempted to 
meld the circular drainage concept with mineral and 
leasehold ownerships which normally employ rectan-
gular survey subdivision boundaries by the unspoken 
notion of "compensated" drainage. That Is, although 
a round drainage pattern does not fit neatly Into a 
square spacing unit, if all other wells In the sur-
rounding spacing units have a similar theoretical 
drainage patterns, then each owner Is, ideally, com-
pensated for any drainage of acreage within his unit 
by the well of another unit. 

"Patterned" spacing dramatically demonstrates how 
boards and commissions employ the compensated 
drainage idea. When rectangular (80 acre or 
320 acre tracts) spacing units are created rather 
than square spacing units (40 acre, 160 acre or 
640 acre tracts), the spacing order normally will re-
quire that the permitted wells for adjoining spacing 
units offset one another diagonally rather than 
directly. An overlay of a circular drainage pattern 
upon each well reflects that a major portion of the 
production for each well will come from the adjoin-
Ing unit,	 thus resulting in "compensation' on a 
fleldwide basis (Figure 3). 
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FIGURE 3 

RECTANGULAR SPACING
(80-320 ACRE) "PATTERNED" 

COMPENSATED DRAINAGE 

Use of compensated drainage in the configuration of 
spacing units is one of the means by which boards 
and commissions provide for the protection of the 
correlative rights of Interest owners within the field 
area. "Correlative rights" means that each owner 
and producer in a common pool or source of supply 
of oil shall have an equal opportunity to produce his 
equitable share of the oil In such pool or source of 
supply. The aim Is to prevent reasonably avoidable 
drainage of oil across property lines that Is not off-
set by counterdrainage. 

Spacing for Horizontal Wells

With	 the growing	 popularity	 of	 the	 horizontal	 well 
concept, conservation	 agencies	 must	 come	 to	 grips 
with	 the manner	 in	 which	 such	 wells	 will	 be	 In-
tegrated Into	 the historical methods of well spacing. 
More	 specifically, if	 operators	 have	 the	 option	 of 
drilling	 either	 a	 horizontal	 or a	 vertical well,	 does 
this	 voluntary option	 satisfy	 the	 "equal	 opportunity" 
standard, or	 should	 the	 assignment	 of	 spacing	 unit 
size take into	 consideration	 the	 fact	 that	 horizontal 
drainage patterns will likely encompass a larger area 
than the circular pattern	 of	 the	 traditional	 vertical 
well? An	 even	 harder	 questiçn	 Is	 whether	 the

boards and commissions will be forced to consider 
proration of production from horizontal wells drilled 
In fields developed via vertical drilling nod spaced 
accordingly. 

There are many aspects of both drilling methods 
which the regulatory agencies will need to take into 
account when considering these issues. Oklahoma's 
Corporation Commission has adopted regulations 
governing horizontal "drainholes," and it seized upon 
the similarity of a stimulation technique commonly 
employed in vertical wells to the practical result of 
horizontal drilling by adopting rules treating horizon-
tal wells as a "single wellboro," which Is an alter-
native to vertically drilling and hydraulically fractur-
ing the productive interval in a well. 

10CC Recommendation 

The Interstate OH Compact Commission's Council of 
State Regulatory Officials horizontal Drilling Sub-
Committee has drafted a "model form" horizontal 
well rule identical to the new Oklahoma rule, but at 
the 1989 mid-year meeting of the Council, adoption 
of the form was postponed at the request of offi-
cials of a market proration state pending further 
study of the need to incorporate the concept of al-
lowables in the recommended form. 

Thus, says Wilson, the oil and gas boards and com-
missions must use their ingenuity and imaginations in 
such a way as to assimilate horizontal wells within 
the regulatory structure and at the same time honor 
their obligation to protect the correlative rights of 
all concerned. 

BUSH 1991 BUDGET AGAIN WMINATES ALL TAR 
SANDS FUNDING 

The proposed fiscal year 1991 budget submitted by 
the Bush Administration for the Department of 
Energy eliminates all funding for tar sands research, 
as compared to $900,000 authorized for fiscal year 
1990. However, the Bush request for 1990 was zero 
also, but Congress restored the $900,000. 

By comparison the proposed 1991 budget for heavy 
oil research is $4.6 million, up from a $4.0 million 
appropriation- In 1990, The Bush request for 1990 
was zero. 
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ENERGY POLICY AND FORECASTS 

ERGS CHAIRMAN CALLS FOR CONTINUED OIL SANDS 
RESEARCH EFFORTS 

Writing in the January 1990 issue of The Heavy 
G.J. DeSorcy, Chairman of the Alberta Energy 

Resources Conservation Board, notes that the current 
conventional wisdom Is that the world is awash with 
oil, and prices cannot be expected to increase sig-
nificantly. 

However, he says, whether such predictions are cor-
rect or not remains to be seen. What is important 
is that with such an atmosphere prevailing, industry 
and governments tend to ignore the need for 
research with respect to the vast oil sands deposits. 
The realities and geopolitics of world oil supply and 
world oil movements have undergone major shifts 
over the past 30 years. Prevailing perceptions 
during the period have at times, proved to be overly 
pessimistic, and at other times, far too optimistic. 
Bearing in mind that research is usually a long ar-
duous process, decisions to turn off research funding 
at a time of perceived over-supply could be impru-
dent. Indeed, to do so says DeSorcy, could place at 
peril future supplies of energy for portions of not 
only the industrialized western world, 	 but for
developing nations as well. 

There is no question that the resource base of oil 
sands is huge--it measures in trillions of barrels. 
However, the task of recovering significant portions 
in an economic and environmentally acceptable man-
ner is almost as colossal as the resource base itself. 

Some of the challenges facing the petroleum in-
dustry, with particular emphasis on environmental 
matters are enumerated by DeSorcy as follows: 

In the mining area we must develop more efficient 
mining alternatives and better reclamation methods, 
Increased bitumen extraction efficiencies, particularly 
for lower grade ores, better treatment methods for 
sludge in existing tailings ponds, and new extraction 
processes which will eliminate tailings ponds in the 
future. 

In the in situ recovery area, we must develop more 
efficient drilling processes to economically drain 
reserves and yet minimize impacts on the land sur-
face, improve the efficiency of the use of heat as 
a means of recovery, maximize water recycled and 
thus minimize the use of fresh water and the re-
lated Impacts on aquifers, and minimize hydrocarbon 
and sulfurous emissions from producing operations. 

In the refining and upgrading of bitumen and the re-
lated utilities operations we must maximize sulfur 
recovery and minimize emissions of sulfur dioxide, 
reduce emissions of the so-called "greenhouse gases," 
maximize recovery of hydrocarbons and other 
minerals from the bitumen, and explore the use of 
alternative lower cost and environmentally acceptable 
fuels.

These are but a few of the problems which require 
ongoing research. 	 To solve them will require the 
best technical minds available, and also far-
sightedness on the part of leaders in Industry and 
public policy makers. There is an obvious need for 
money, but it is also very important to use the 
available dollars effectively. This in turn leads to 
the need for focused research, effective communica-
tion and increased freedom in the exchange of 
technical information. 

DeSorcy closes his editorial with a question and a 
statement: 

"Is the risk of energy shortfalls worth taking in 
comparison to the costs of sustaining oil sands 
research? I SAY NO!" 

CHOA SEES NINETIES AS DIFFICULT CHALLENGE FOR 
HEAVY OIL DEVELOPMENT 

The president of the Canadian Heavy Oil Association, 
P.S. Carr, writing In the Association's January 1990 
newsletter, notes that the Association was formed in 
1985 at a time of renewed interest in heavy oil ac-
tivity, but the five years since have seen many ups 
and downs. An abstract of his comments follows. 

Throughout the uncertainty of many heavy oil 
projects, corporate strategies and even individual 
career changes, the strength of the organization has 
been Its commitment to technical excellence. 

I believe that Alberta's status as a worldwide tech-
nical leader is being well served by this organiza-
tion. 

Optimism	 and belief in	 the	 important contribution 
that	 heavy	 oil and oil sands	 will	 play in	 satisfying 
the	 long-term North American demand for	 petroleum 
products are the	 most important	 visions that we can 
take Into the 1990s.

A decade ago, many believed that heavy oil would 
be the fuel for the 1990s. Today, however, most 
corporate strategies for heavy oil in the 1990s range 
from the worst extreme of disposition or abandon-
ment to, at best, a "wait and see" approach. 
Natural gas is commanding a higher priority, and the 
timing for heavy oil is later rather than sooner. 

The trend in corporate strategies has been to put 
heavy oil development on the shelf. Those few 
companies with a sense of vision will continue to 
experiment and to prove better technology aimed at 
reducing costs and improving recovery. The majority 
of projects, however, still need "$2-$3 more" despite 
the relative strength of current oil prices. 
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Over the last twelve months corporate budgets 
shifted their focus to natural gas, Justified by the 
anticipation of growing volumes and prices. I feel 
there is somewhat of a herd" instinct following this 
trend into the 1990s, and at the expense of heavy 
oil, this could set a dangerous path. Already we 
have seen recent regulatory rulings both in Canada 
and the United States that may cause cracks to 
develop In the gas-driven strategies.	 We will not
be able to just "dust off" the shelved heavy oil 
projects and quickly get back into high gear. We 
see more of our members redirected to other busi-
ness areas, many of whom will never return to 
heavy oil. The losses in know-how and in applying 
heavy oil technology will cost us dearly when heavy 
oil projects are rejuvenated. A strong commitment 
by our members to continue the technical dialogue 
will hopefully mitigate the worst. 

The lessons of the 1980s could serve us well In 
directing our plans for the 1990s. Canadian heavy 
oil technology is world class; operating costs are at 
reasonable levels; our ability to control and execute 
large capital programs is second to none. 	 At a
time when we know Canadian--and particularly 
United States--oil production Is declining, 	 some

OPEC	 countries have announced major capital
programs to expand production in order to offset 
declines. Natural gas development is too narrow a 
short term view of North America's energy needs. 
We must push for heavy oil now rather than later. 

The opportunity is there In terms of market 
prospects. The challenge Is not easy, and competi-
tion for funding is Intense. Heavy oil is difficult to 
recover, a challenge to transport and a less 
desirable feedstock for refiners pressured by tighten-
ing environmental controls. We must devote our 
best manpower and technology to overcome these 
hurdles, but it will require more cooperation and ex-
change of information between industry, government 
and researchers. Each group has a critical part to 
play. 

I believe the 1990s will prove there Is a place for 
heavy oil: the commitment, dedication and expertise 
of each of us who believe in it will facilitate this 
realization. 
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ECONOMICS 

BRIGHT ECONOMIC OUTLOOK SEEN FOR HEAVY OIL IN 
THE 1990s 

According to N.E. MacMurchy of the Alberta Depart-
ment of Energy, the outlook for the end of the cen-
tury is very optimistic for the heavy oil industry In 
Alberta. Speaking before the Canadian Heavy Oil 
Association in December, he noted that as the 1980s 
opened, prospects were extremely bright, not only 
for Alberta but for the global oil industry as 'veiL 
In 1980, conventional light and medium oil in Alberta 
was approximately $16 per barrel, synthetic crude 
just over $30 per barrel and most foresaw prices for 
both types of crude climbing to over $75 per barrel 
by 1990 (National Energy Program (NEP) Regulated 
Prices). Over 2,000 exploratory and development 
wells were being drilled in the conventional oil sec-
tor and over 1,000 evaluation and experimental wells 
In the oil sands and heavy oil sector. Total capital 
Investment in exploration and development activities 
was exceeding	 $5.5	 billion	 annually.	 The
megaprojects of Cold Lake and Alsands were under 
active consideration. Activity was at such a level 
that concerns were being expressed about potential 
constraints to development due to a lack of finan-
cial and human resources within the province. 

Shortly thereafter, however, the industry faced a 
series of fiscal, price and economic shocks. The 
federal NEP, presented with the federal budget in 
October 1980, along with double digit Inflation, 
global recession, oversupply of oil, and declining 
demand, significantly reduced activity in the oil 
patch. Esso announced in July 1981 the termination 
of negotiations on the Cold Lake project and in 
February 1982 Alsands was also suspended. The net 
effect was that in the early years of the eighties 
Alberta was experiencing negative economic growth 
and emigration from the province. 

By the mid eighties, however, the oil patch appeared 
to have recovered and the oil industry in Alberta 
was once again on the upswing, If only temporarily. 
The Western Accord of March 1985 repealed the NEP 
and brought about a deregulation of the oil industry 
and a move towards market prices. Average prices 
were just under $40 per barrel for light and 
$30 per barrel of heavy oil and the oil patch was 
reasonably strong and confident in Its long term out-
look.	 Drilling activity was at its highest level, 
second only to 1980. Syncrude was undertaking 
basic engineering work for an 82 thousand barrel per 
day expansion and in situ oil sands activity was 
picking up. 

Despite temporary rallies, however, Instability and 
downward pressures within the global market In- 
evitably forced prices lower until they reached the 
proverbial bottom of the barrel in 1988. With the 
slide in light oil prices came a decline in the price 
of heavy oil and bitumen, from an average of just 
under $30 per barrel in the mid eighties to an 
average of $8 per barrel In 1988. Some producers

were facing prices of even less than $5 per barrel. 
The differential between synthetic crude oil and 
heavy oil also declined, from a peak of over 
$10 per barrel In 1984 to less than $5 per barrel in 
1987. Consequently even upgrading, stand-alone or 
otherwise, faced an uncertain future in the latter 
part of the eighties. 

But prices alone do not tell the whole story, says 
MacMurchy. Specifically, the economics of individual 
projects and netbacks to the project owner also 
determines the level of activity for a given price. 
For the most part producers were able to respond 
fairly well to the declining prices. Most notably, as 
prices of light oil declined synthetic crude oil plant 
operators were able to make significant reductions in 
the cost of production such that even with low oil 
prices operating costs were being covered. Since 
1985 operating costs have been reduced from over 
$20 per barrel for Syncrude and $25 per barrel for 
Suncor, to approximately $15 per barrel for each by 
1988.	 Thus the synthetic crude plants still had a 
small profit margin even under the low prices of 
1988. However, the most significant Impact of the 
cost reductions and efficiency gains have yet to be 
felt because similar to the energy conservation 
measures implemented during the oil price spikes of 
the early 1970s, these savings will still be in place 
as prices rise through the 1990s. 

In situ and heavy oil projects, however, faced a dif-
ferent outlook. At times during 1988, even for 
those projects with the best reserves and operating 
efficiencies, prices were, In some cases, insufficient 
to cover operating costs (Figure 1). 	 As a result 
commercial plants were in a survival mode. 	 Plans 
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for expansion were put on hold or suspended In-
definitely, some existing projects were shut down 
and the activity at others was minimized in order to 
cut costs.

heavy oil production, averaging over 200 thousand 
barrels per day in 1968, is projected to be less than 
50 thousand barrels per day by the year 2000. 

With the close of the year, however, prices have 
both stabilized and remained relatively high 
(Figure 2), and the Department of Energy's outlook 
for the nineties *0 considerably brighter. Globally, 
demand is seen as steadily increasing at about one 
to two percent annually and in the double digit 
range for some Pacific Rim countries. Third world 
countries are now entering a more industrialized and 
thus energy based phase of their development. 
Supply and demand for OPEC crude appears to be 
better matched which holds promise for at least 
more stable, if not higher, prices than have been 
seen during the 1980s. 

FIGURE 2 
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Prospects are equally bright for the North American 
market. Speculation that the United States market 
was nearing saturation levels and that Alberta 
producers would have to look elsewhere have not 
materialized. Indeed, with the United States Import 
level currently exceeding 50 percent and expected to 
continue its upward climb, MacMurchy believes this 
market will remain robust for the full range of 
crude oils and petroleum products into the foresee-
able future. 

Within Canada conventional oil production is continu-
ing to decline (Figure 3). From a high of over 
1.5 million barrels per day In 1973 to an average of 
one million barrels per day in 1988. While addi-
tional production from new reserves and enhanced 
recovery schemes is possible, it is not expected that 
it will markedly affect the downward trend. By the 
year 2000 the National Energy Board predicts that 
conventional production will decrease by a further 
400 thousand barrels per day. Similarly conventional
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On the upside, however, synthetic crude and bitumen 
production continue to increase, from less than 
10 percent of Alberta's crude oil production in 1980 
to over 13 percent today. With modest price in-
creases and stability within the global oil market 
this production is expected to increase significantly. 

The Bi-Provincial project is currently on schedule 
with over $150 million spent to date and startup is 
expected in November 1992, creating a demand for 
approximately 46,000 barrels per day of Alberta and 
Saskatchewan heavy oil and bitumen. The OSLO 
project continues to forge ahead with final agree-
ments expected to be signed this winter. Under 
current price projections, OSLO's critical hurdle rate 
will be exceeded. OSLO's production will commence 
in 1996/97 adding over 77,000 barrels per thy of 
synthetic crude to the province's output. Ease's Cold 
Lake project is scheduled to proceed with Phases 7 
through 10 over the next two years adding over 
44 thousand barrels per day of bitumen production. 
Amoco, despite their difficulties with cash flow, 
have recently announced increased heavy oil activity 
in the Primrose and Elk Point areas. Husky and Al-
berta Energy Company are planning to go ahead with 
their heavy oil steam pilot in the Cold Lake Air 
Weapons Test Range.	 In addition, Suncor has an-
nounced	 the	 possibility	 of	 reactivating	 their
$130 million Burnt Lake operation with an Initial 
capacity of 12.5 thousand barrels per day of bitumen 
and their Fort McMurray debottlenecking plans which 
could add a further 20 thousand barrels per day of 
synthetic crude. 

The application of new horizontal well drilling and 
production technology will continue to make inroads 
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into the oil sands and heavy oil industry, with its 
potential to significantly improve the economic 
return to producers. In addition, promising results 
from AOSTRA's Underground Test Facility could have 
a great bearing on the commercial potential of 
bitumen deposits that are too deep for surface min-
ing operations. Successful implementation of these 
two technologies will open new opportunities for 
development of Alberta's vast reserves of oil sands. 

Perhaps one of the biggest driving forces towards 
development over the next decade, says MacMurchy, 
will be the province's new lease tenure policy. This 
Policy will affect all oil sands leases as they come 
up - for renewal, approximately 100 leases over the

next iS years. In general the policy will require 
the active development of the oil sands resources by 
existing leaseholders or they will relinquish that 
valuable opportunity to new investors. The new 
lease tenure policy will also encourage upgrading 
within the province. 

In anticipation of this new policy, companies have 
already approached the government with ambitious 
development plans. While it Is too early to say how 
extensive new development activities will be, Mac-
Murchy and the government are very optimistic. 
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TECHNOLOGY 

INCLINED PLATE PROCESS FOR FROTH CLEANING 
PATENTED 

United	 States	 Patent	 4,859,317	 issued	 to
W.E. Shelfantook at al. is titled "Purification Process 
for Bitumen Froth." It is a process, using mixers 
and inclined plate settlers, for separating water and 
solids from the bitumen obtained in the hot water 
extraction process. 

Background of the Inventicm 

The oil sands of the Fort McMurray region of Al-
berta are presently being exploited by large com-
mercial operations Involving four broad steps: 

-	 Mining the oil sand 

-	 Extracting	 the	 bitumen from	 the mined	 oil 
sand using a "hot water process," to produce 
bitumen in the form of a froth	 contaminated 
with water and solids 

-	 Purifying	 the	 froth	 to separate the	 water 
and solids from the bitumen 

-	 Upgrading	 the	 purified bitumen to	 produce 
products	 which	 are	 suitable for a	 conven-
tional refinery 

The	 Shelfantook	 invention has to	 do	 with the	 third, 
or froth purifying step.

In the first step of the hot water process, the 
mined oil sand is mixed in a rotating horizontal 
cylindrical drum (or "tumbler") with hot water (800C) 
and a small amount of NaOH. Steam is sparged into 
the slurry at intervals along the length of the drum, 
to ensure that the exit temperature of the resultant 
slurry is about 800C. 

The drum is slightly inclined along its length, so 
that the mixture moves steadily through. The reten-
tion time is about four minutes. 

This tumbling step is referred to as "conditioning." 
It involves heating of the bitumen and displacement, 
by water addition, of the bitumen away from the 
sand grains. Many of the released bitumen globules 
become aerated by forming films around air bubbles 
entrained in the tumbler slurry. Conditioning also 
Involves reaction between the NaOH and bitumen to 
produce surfactants which facilitate the bitumen-
release and subsequent flotation/settling steps. 

On leaving the tumbler, the conditioned slurry is 
screened, to remove oversize rocks and lumps, and 
diluted with additional hot water. The resulting 
water/-bitumen ratio is about 6:1. 

The diluted slurry is then introduced Into a large 
thickener-like vessel having a cylindrical upper por-

tion and a conical lower portion. The vessel Is 
referred to as the "primary separation vessel' or 
(PSY). Here the diluted slurry is retained for about 
45 minutes under quiescent conditions. Under the 
influence of gravity, the sand grains sink, are con-
centrated in the conical portion and are discharged 
as "primary tailings" through a valve and line con-
nected to the lower apex of the vessel. The 
bitumen globules, rendered buoyant by air attach-
ment, rise to the surface of the PSV and form a 
froth. This froth is called "primary troth" and typi-
cally comprises: 

- 66.4 percent by weight bitumen 
- 24.7 percent by weight water 
- 8.9 percent by weight solids 

The primary froth is skimmed off and recovered in a 
launder. In between the layer of sand tailings in 
the base of the vessel and the layer of froth at 
the top, there exists a watery slurry referred to as 
"middlings." The middlings contain fines and globules 
of bitumen which are insufficiently buoyant to reach 
the froth layer. 

A stream of middlings is continuously withdrawn from 
the PSV. These middlings are treated in a series of 
sub-aerated flotation cells. In these cells, the mid-
dlings are vigorously aerated and agitated, with the 
result that contained bitumen is forced to float and 
form a dirty froth referred to as "secondary froth." 
This secondary froth typically comprises: 

- 23.8 percent by weight bitumen 
- 58.7 percent by weight water 
- 17.5 percent by weight solids 

To reduce the concentration of water and solids In 
the secondary froth, It may be retained in a settling 
tank to allow some of the contaminants to settle 
out. The "cleaned" secondary froth typically com-
prises: 

- 41.4 percent by weight bitumen 
- 46.2 percent by weight water 
- 12.4 percent by weight solids 

The primary and secondary froths are then combined 
to provide the product of the hot water extraction 
process. The "combined froth" typically comprises: 

- 57.3 percent by weight bitumen 
- 34.2 percent by weight water 
- 8.4 percent by weight solids 

This stream is too contaminated to be used as feed 
to the downstream upgrading circuit. This latter 
circuit requires a feed typically comprising at least 
99 percent bitumen. 

So the combined froth product requires purification 
(water and solids removal) before It can be fed to 
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the upgrading circuit. Heretofore, this purification 
has been obtained by using "two stage dilution 
centrifuging." This operation involves: 

- Diluting the combined froth with naphtha. 
This Is done to reduce hydrocarbon phase 
viscosity and increase the density difference 
between the hydrocarbon phase (bitumen dis-
solved in naphtha) and the water and solids 
phase sludge 

- Passing the diluted froth through a low-speed 
scroll centrifuge, to remove the coarse solids 
and some of the water 

- Passing the scroll centrifuge product through 
a high-speed disc centrifuge to remove fine 
solids and most of the balance of the water. 

The disc centrifuge product typically analyzes at: 

- 59.4 percent by weight bitumen 
- 37,5 percent by weight naphtha 
- 4.5 percent by weight water 

The naphtha diluent and any contained water Is then 
distilled out of the disc centrifuge product to 
produce the purified bitumen product for advancing 
to the upgrading process. 

The dilution centrifuging process is expensive to 
maintain and operate due to the erosive nature of 
the feed and the rotating character of the 
centrifuges. Thus, there has long been a need for a 
viable alternative for purifying bitumen froth. 

The Shelfantook Invention Involves a circuit of Inter-
connected mixers and inclined plate settlers (U'S). 

An Inclined plate settler comprises a stack of paral-
lel, spaced apart, solid plates, inclined downward 
from the horizontal and mounted within a containing 
vessel. Each space between a pair of plates forms 
a discrete settling zone. The feed mixture to be 
separated is distributed into the spaces between the 
plates. The light components of the mixture rise to 
the underside surface of the upper plate. These 
light components then travel up this underside stir-
face and are collected and recovered at the upper 
ends of the plates. The heavy components of the 
mixture sink towards the uppermost surface of the 
lower plate and follow it downward, to be collected 
and recovered at the lower ends of the plates. 

A mixer can take any of various forms--including 
simply a cylindrical container having a submerged 
impeller. 

Summary of the Invention 

The invention is based on the following experimen-
tally determined observations: 

That bitumen froth Is amenable to high quality 
separation in a first U'S, but in the first stage 
of separation only part of the bitumen in the 
feed reports as overhead product;

That the underflow from the first IPS, contain-
ing a significant proportion of the bitumen in 
the original feed, is not amenable to high 
quality separation in a second IPS. It appears 
that the first stage underfiow contains stable 
emulsions that will not readily resolve in the 
second IPS or that much of the hydrocarbons• 
that did not report to the overflow in the first 
stage will also not report to the overflow in 
the second stage; and 

That if light hydrocarbon diluent (e.g., naphtha) 
Is mixed with the first stage overflow, then 
this mixture is amenable to good quality 
separation in the second II'S. 

Having carried out the experimental 'y ork that 
resulted in these observations, applicants conceived a 
purification circuit for bitumen froth that would in-
corporate the following features: 

- The use of several serially connected inclined 
plate settlers, with a subsequent settler 
being fed the underflow from a preceding 
settler 

- The addition of light hydrocarbon diluent or 
solvent, in a progressively richer concentra-
tion, to the bitumen-containing stream moving 
through the series of settlers 

- The use of mixers before each settler to mix 
the added diluent with the bitumen 

A circuit or line consisting of three pairs of alter-
nating mixers and settlers was tested. The overflow 
stream from the first settler provided the only 
bitumen product stream produced from the circuit. 
The bitumen/diluent overflow stream from the second 
settler was recycled to the first mixer to be com-
bined with the froth feed. The low-bitumen/high-
diluent overflow stream from the third settler was 
recycled to the second mixer.	 Thus more diluent
was supplied to the relatively bitumen-lean underflow 
stream being supplied to the second mixer. And 
finally, fresh diluent was supplied to the third mixer 
to dissolve the small amount of bitumen in the un-
derflow stream of the second settler. 

When applied to typical combined bitumen froth this 
circuit demonstrated: 

- That the bitumen product stream from the 
first II'S was of the same order of purity as 
that derived from a conventional dilution 
centrifuging circuit 

- That the recovery of bitumen by the test 
circuit was of the same order as that ob-
tained by dilution centrifuging 

Stated otherwise, the inventors made the surprising 
discovery that a process using three mixing/IPS 
separation steps in series, combined with a counter 
flow of solvent, gives product of as good quality as 
that obtained from the centrifuge process, together 
with comparable hydrocarbon recovery and a sludge 
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tailings that is substantially hydrocarbon-free. And 
the components of the circuit are without moving 
parts (except for the pumps and impellers) and thus 
are characterized by comparatively low maintenance 
costs. 

Figure 1 Is a block diagram showing the steps of 
the process in accordance with the preferred em-
bodiment, and Figure 2 is a schematic showing the 
circuit of processing components and their pipe In-
terconnections.

FIGURE 1 

BLOCK DIAGRAM
OF FROTH CLEANING PROCESS 
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The test work underlying the invention was carried 
out in a three-stage mixer/IPS circuit as shown in 
Figure 2. The dimensions of the plates in the IPS 
were five feet by one foot, with a spacing of 
1.5 inches between plates. Feed froth composition 
was that defined as "combined froth" previously. 
The overflow product from the first iPS (the only 
bitumen product stream) had a composition of: 

- 55 percent by weight bitumen 
- .47 percent by weight water 
- 39.0 percent by weight naphtha 
- 0.7 percent by weight solids 

After distillation to remove naphtha and water this 
stream should be close to upgrading quality.

flu 

IN SITU HYDROGENATION PROPOSED FOR HEAVY 
CRUDES 

According to E.J. Hoffman of the Energon Company, 
the underground injection of hydrogen or hydrogen-
carbon dioxide mixtures could provide a new method 
for the recovery of heavy oils. Hoffman has out-
lined his technique in an article in Energy Sources. 
He notes that heavy crudes may occur within uncon-
solidated or consolidated sands or porous media, and 
the bulk material may be referred to as oil sands or 
tar sands.	 The latter terms are applied more
characteristically to surface deposits. 
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As a generality, the closer the deposit or formation 
to the surface, the more dense and viscous the 
material, becoming tarlike or asphaltlike in consis-
tency, denoting a higher degree of oxidation. 

Deposits at or near the surface can be mined and 
processed by conventional means, Including hydraulic 
methods and steam or hot-water extraction. The 
mined material can also be contacted with selective 
solvents, followed by separation and recovery. 

Deeper deposits or formations require more heroic 
techniques, which are more allied with petroleum 
production practices. Thus steam Injection is prac-
ticed, as is the introduction of surfactants in one 
form or another. A more extreme measure is the 
initiation of a flame front, as in the in situ 
gasification of coal and the in situ retorting of oil 
shale. 

For the lighter end of the heavy-crude spectrum, 
the Injection of carbon dioxide is used to enhance 
recovery. The carbon dioxide tends to dissolve In 
the oil, lowering viscosity and increasing specific 
volume. Additionally, a degree of pressurization may 
occur, depending on the circumstance, which also 
contributes to flow mobility. The miscibility effect 
is aided if the carbon dioxide is in the liquid or 
supercritical range. 

Hoffman considers the action primarily of hydrogen, 
which may be Introduced in essentially pure form or 
accompanied by carbon dioxide. 

Injection of Low-UM Gas 

The injection of low-BTU gas derived from air-blown 
coal gasification has been considered previously. 
Such a low-BTU gas (250 BTU/standard cubic foot) 
typically contains about 17 percent hydrogen, 
15 percent carbon dioxide, 12 percent carbon 
monoxide, and 51 percent nitrogen, plus five percent 
miscellaneous gases, on a volumetric or molar basis. 
Injection would be into a heavy oil/tar sand reser-
voir preferably at a down-dip location. Inasmuch as 
carbon dioxide is present, there will be a solubility 
effect from this source.	 There would also be a
separation among the gases due to the different dif-
fusion rates and solubilities. The thermal effects 
produced by Injecting the hot gases directly from 
the gasifier would assist In production. 

In these earlier considerations, the role of hydrogen 
and the other low-solubility gases, namely carbon 
monoxide and nitrogen, Is to provide a trapped-gas 
drive for moving the oil to the producing wells. 

Also noted is that the low-BTU gas can be com-
busted In situ to further support a flame front. If 
hydrogen diffuses beyond the combustion zone, con-
ceivably some hydrogenation could take place at the 
higher temperatures encountered near the zone 
(350 0 C or above).

Hydrogen lnjectkm 

A concept beyond the above-described injection of 
low-BTU gas, says Hoffman, is the injection of pure 
hydrogen or hydrogen-carbon dioxide mixtures. This 
can be obtained by the (catalytic) steam gasification 
of coal or other carbonaceous materials, even of 
part of the recovered heavy crude product. 

The injection of gaseous hydrogen at reservoir con-
ditions affords the possibility of reducing the crude 
viscosity in place and of increasing the specific 
volume. The flow mobility will be enhanced; at the 
same time, a degree of upgrading will occur. 
Hydrogen, even at the modest temperature levels en-
countered in petroleum reservoirs, has high dif-
fusivity and is to a degree reactive. 

The reactivity preferentially occurs at the 
oxygenated and sulfided bonds or cross-linkages in 
the more heavy or asphaltic crudes. The bound sul-
fur content Is ordinarily greater than the bound 
oxygen content.	 The end products are water or 
water vapor and hydrogen sulfide gas. Of minor 
consideration is the action of hydrogen at nitrogen 
linkages, which would produce ammonia as an end 
product. It may be noted, however, that both 
hydrogen sulfide and ammonia are oil-soluble to a 
degree and as such contribute to flow mobility. 

Moreover, conversion is exothermic, which is rate 
supportive. Of equal consideration, the chemical 
equilibrium is favored by the relatively lower tem-
peratures such as are encountered In petroleum 
reservoirs, as distinguished from high-temperature 
thermochemical hydrogenation, which also involves 
pyrolysis.	 The rates of reaction at the reservoir 
temperature will be comparatively low, requiring sig-
nificant residence times.	 Thus a soaking period is
In order prior to sustained production. 

Hydrogen Reactivity at Reservoir Conditions 

As a rule, heavy or very heavy oil formations are 
relatively shallow, occurring at depths of 1,000 feet, 
more or less. For estimation purposes a reservoir 
temperature of 100 0 F, can be assigned, based on the 
earth's thermal gradient. A representative reservoir 
pressure is a nominal 450 pain,	 assuming the 
hydraulic gradient to be 0.45 peia/foot. Thus we 
must consider whether chemical conversions would 
take place at 100°F and hydrogen injection pressures 
of 450 psi. 

The above conditions will be affected by the injec-
tion of hot gases from the conversion to produce 
hydrogen--steam injection being the more conven-
tional mode to recover heavy crudes--plus the 
beneficial effects of carbon dioxide that may be left 
in the injection gases. 

Hoffman comments that a high conversion Is not 
necessarily the goal. The object is, rather, that in 
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situ conversion take place to the degree necessary 
and sufficient to cause the oil to flow so as to 
sustain production. With these guidelines in mind, 
an assessment can be made based on crude oil 
desulfurization and coal liquefaction practices. 

Generally speaking, hydrodesulfurization processing 
depends upon the type and molecular weight of the 
crude involved and proceeds more rapidly for paraf-
fins than for naphthenes and aromatics. Tempera-
tures are 400 0C or less to minimize cracking. 
Reactor residence times are characteristically one 
hour. 

Normally, crude oils exhibit a content of vanadium, 
nickel, iron, and other metallic elements or their 
compounds in small or trace amounts. There is a 
catalytic effect from these trace metals in the 
crude, as well as from the porous reservoir rock 
surfaces, depending on the composition. Therefore, 
Hoffman concludes that many of the hydrogenation 
reactions may occur at room temperatures and at 
low hydrogen pressures. 

The	 liquid-phase	 hydrogenation	 of	 coal/solvent 
slurries Is of parallel consideration. Here, the sol-
vent not only causes solvation of the coal structure, 
but furnishes hydrogen as a hydrogen donor. Tem-
peratures typically are 400 0 C at hydrogen pressures 
of 1,000 psia with reactor retention times of one 
hour. Desuifurizatton and deoxygenation occur as 
well as conversion of the coal structure. Such sol-
vents as tetralin and pyridine are effective, as well 
as recycled product liquids. 	 Also,	 aromatic 
petroleum fractions serve as hydrogen donors. Ap- 
plied to the case here, this will further enhance 
reactivity in situ. 

Rate data for the hydrogenation of bituminous 
materials at reservoir conditions were not found. 
However, Hoffman quotes a literature reference 
giving an approximate doubling in rate between 385 
and 413°C.	 Extrapolation down to 35 0 C yields a 
factor of about 8,000. Therefore, for a one-hour 
conversion residence time at 400 0 C, the correspond-
ing residence time at 35 0 C would be 8,000 hours, or 
about 330 days. This may be regarded as a nominal 
value for the soaking time, though the degree of 
upgrading expectedly will vary with the distance 
from the injection well. 

Effldenctes and YIeIb 

The materials and/or heat requirements are decidedly 
less than for conventional steam injection, on an 
equivalent basis of the net crude produced. Thus, 
1 1 000 standard cubic feet, or 28.3 cubic meters of 
hydrogen is a nominal requirement to upgrade one 
barrel of heavy oil. The requirement for partial 
upgrading at reservoir temperatures, e.g., for merely 
eliminating oxygenated and sulfided linkages, Is sub-
stantially less. Using the higher figure of 
1,000 standard cubic feet per barrel, however, cer-
tain generalizations can be made, as follows. 

Assuming a composition of 50 weight percent carbon, 
and an overall efficiency of 50 percent, the total

coal requirement to produce a net yield of 
30,000 standard cubic feet of hydrogen is about one 
ton.	 This is, equivalently, about 1,000 standard 
cubic feet of hydrogen per 0.033 ton of coal. For 
10 0 API gravity crude as the hydrogen source, a net 
of about 50,000 standard cubic feet of hydrogen will 
be produced per ton of oil converted, 	 or 
1,000 standard cubic	 feet	 of	 hydrogen	 per
0.114 barrel of oil. 

The above translates to one barrel of crude con-
verted In order to partially upgrade 8.75 barrels of 
crude in place. Thus it Is theoretically possible, 
with a long enough residence time or holdup time, 
to lower the viscosity, increase the specific volume, 
and partially upgrade as much as, or more than, 
8.75 barrels of crude in place, for each barrel of 
crude converted or consumed. In conventional steam 
Injection practices, by comparison, half the crude 
produced may be required for fuel to produce steam, 
for a net yield of only one barrel of crude (and 
sometimes less) for each two barrels of crude 
produced, or for each barrel consumed. 

The merits of injecting hydrogen will depend on the 
degree of recovery of the upgraded crude from the 
producing formation. Other considerations are the 
residence time for the hydrogen to diffuse and 
react, which as noted can be significant, possibly up 
to a year, depending on the circumstances--the 
"soaking" period; the temperature and pressure of 
the formation; and the characteristics of the crude, 
notably the oxygen and sulfur content. 

BEN'ICIA110N OF ALABAMA TAR SANDS TEST) 

The Mineral Resources Institute (MRI), of the Univer-
sity of Alabama, as a subcontractor to the Univer-
sity of Arkansas-Fayetteville has conducted a United 
States Department of Energy sponsored investigation 
of the beneficiation of southern tar sands. The ob-
jectives of the investigation were; to develop a 
physical means of separating bitumen from associated 
mineral matter; and to produce a small lot of 
bitumen concentrate for extraction tests at the 
University of Arkansas. 	 The investigation was 
limited to two Alabama tar sands. The samples, 
known as Spring Creek and Black Wax Hut, are both 
from the Hartselle sandstone formation. Test results 
were reported to the tar sands session of the 1989 
Eastern Oil Shale Symposium held in Lexington, Ken-
tucky is November. 

The system for concentrating bitumen from tar sands 
includes grinding, attrition scrubbing and froth flota-
tion. 

One sample was taken from an outcrop on Spring 
Creek in Colbert County, Alabama. The second 
sample was taken from a site known as Black Wax 
Hill in Lawrence County. 	 Dean-Starke extractions
indicated bitumen contents of 8.3 percent and 

3-20	 SYNTHETIC FUELS REPORT, MARCH 1990



8.6 percent, respectively for the Spring Creek and 
Black Wax liii! samples. In both samples the mineral 
matter was predominantly monocrystalline quartz. 
The Black Wax Hill sample did however contain 
pebble size lenses of unintruded clays. 

Preliunthary Beneficiaticm Teats 

Grinding tests were performed on minus tour mesh 
samples of both tar sands. Heavy liquid tests were 
performed on samples of Spring Creek and Black Wax 
Hill tar sands which had been ground for thirty 
minutes in a laboratory rod mill. Mean particle 
sizes for the samples were, respectively, 53 and 
48 microns. The tests were performed in aqueous 
salt solutions over a range of specific gravities from 
1.4 to 2.3. 

The liberation curves resulting from the heavy liquid 
tests are presented in Figures 1 and 2. The Spring 
Creek sample (Figure 1) shows a higher degree of 
liberation than does the Black Wax Hill sample 
(Figure 2) at essentially the same size. Mlii 
researchers believe the difference in liberation is 
probably attributable to the finer size distribution of 
the original framework sands in the Black Wax Hill 
sample.

FIGURE 1 

SPRING CREEK TAR SAND LIBERATION 

.1!.: 

BITUMEN RECOVERY (%) 

Preliminary flotation tests were conducted to assess 
the quality of separation which could be achieved 
under a variety of conditions. Variables Investigated 
were; grinding time, frother type and dosage, disper-
sant addition and concentration regrinding.

FIGURE 2 

BLACK WAX HILL 
TAR SAND LIBERATION 

UJ 

UJ

BITUMEN RECOVERY (%) 

The data show that grinding time (i.e., feed size) Is 
the dominant factor in the flotation of these 
materials. The optimum grinding time appeared to 
be approximately 30 minutes, after which further 
grinding results In diminution of both concentrate 
grade and bitumen recovery. This Is illustrated in 
Figure 3 where selected data for the Spring Creek 
tar sand flotation are plotted as a function of the 
percent of feed finer than 53 microns. 

It became clear to Mill that conventional grinding is 
not an efficient means of effecting disengagement of 
bitumen from individual sand grains. Because 
bitumen Is plastic, It yields readily under the impact 
loading supplied by a rod or ball mill. The fracture 
which occurs Is almost entirely within the sand 
grains (transgranular) with virtually no fracture oc-
curring at the sand-bitumen interface (intergranular). 
The data in Figure 3 indicate that prolonged con-
ventional grinding appears to actually reverse the 
process of liberation (sand-bitumen detachment). It 
was decided therefore, to investigate the possibility 
of attrition scrubbing whereby the sand-bitumen par-
ticles are subjected to high shear forces rather than 
impact forces. 

Pro	 Development 

Because the problem in tar sand beneficiation Is to 
shear the adhering bitumen off the surfaces of sand 
grains, there would appear to be no advantage In 
grinding a tar sand to a size finer than that of the 
matrix sand grains. 
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FIGURE 3 

EFFECT OF FEED SIZE
ON FLOTATION OF

SPRING CREEK TAR SAND 
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FIGURE 4 

EFFECT OF FEED SIZE 
ON TAR SAND FLOTATION 
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Attrition scrubbing tests were performed on samples 
of Spring Creek tar sand which had been round to 
a size approximating the size distribution of the 
matrix grains. Scrubbing was carried out in a Den-
ver conditioner which is equipped with two flights 
of opposed impellers.	 Scrubbing was done at 
2,100 rpm for periods of fifteen minutes. 	 After
scrubbing, the slurry was transferred to a Denver 
flotation cell, diluted and floated. Visual examina-
tion of the flotation products indicated that very 
little detachment of bitumen from sand grains had 
been achieved at this relatively coarse size. 

A series of tests were carried out to determine the 
degree of grinding required prior to scrubbing to 
yield an acceptable separation. In all tests the 
slurries were scrubbed for 15 minutes prior to flota-
tion. The results of this series of tests are 
presented graphically in Figure 4. The data show a 
distinct optimum in terms of bitumen recovery at 
about 42 percent minus 53 microns particle size. 
The grade of concentrate achieved, however, con-
tinued to increase with increased grinding times. 
Both concentrate grade and bitumen recovery were 
markedly higher than in previous tests in which the 
slurry was not scrubbed prior to flotation. 

The data again show that overgrindlng is detrimental 
to the quality of separation which can be achieved. 
The Mitt researchers infer that a certain level of 
grinding is necessary to provide clean quartz sur-
faces which act as scrubbing media and that 
prolonged grinding tenth to amalgamate fine mineral 
particles into the bitumen.

The authors say that their data represent substantial 
progress toward development of a physical beneficia-
tion system for the Alabama tar sands. They ac-
knowledge, however, that considerable work remains 
to be done in developing this process. 

Their data indicate that neither grinding (i.e., con-
ventional comminution) nor scrubbing alone can 
achieve a satisfactory level of bitumen-sand disen-
gagement. A combination of grinding and attrition 
scrubbing appears to be the most favorable approach. 

AIR INJECTION INCREASES BITUMEN RECOVERY IN HOT 
WATER FLOOD 

The Alberta Research Council (ARC) has been inves-
tigating the in situ recovery of bitumen by Injecting 
hot water and air. The air participates In low-
temperature bitumen oxidation reactions at the edge 
of the recovery front in the high-fluid-flow, or 
bypass regions. Oxidation-induced changes then in-
crease the flow resistance in these regions, leading 
to a more uniform flood pattern and significantly 
Increased bitumen recovery. Some of this work was 
recently discussed in a paper by J. Ivory and others 
at the tar sands session of the 1989 Eastern Oil 
Shale Symposium. 
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Much of the Athabasca, Cold Lake, Peace River, and 
Wabasca oil sand deposits in Northern Alberta, 
Canada are too deep to be economically mined. The 
injection of steam or hot water may be used to 
supply heat (to reduce the bitumen viscosity and 
make it mobile) and a pressure differential to cause 
the bitumen to floW to a production well. The use 
of air as an injection fluid additive has been inves-
tigated at the ARC. The temperature of the process 
is kept below 22000 so that the more easily control-
led low temperature oxidation (LTO) reactions 
predominate over combustion reactions. 

Physical simulator tests demonstrated that air injec-
tion with steam dramatically increases the bitumen 
recovery rate. The mechanisms involved in the 
enhanced recovery are considered to be: 

Steam diversion due to increased flow resis-
tance in the communication path. The in-
creased resistance is caused by (a) rapid 
movement of cold bitumen into the path, (b) 
reduced permeability of the path due to coke 
formation and asphaltene precipitation, (c) 
change in sand wettablilty (from water-wet 
to oil-wet) due to the low pH conditions 
produced by LTO reactions, and (d) increase 
In the volumetric flow rate due to the 
presence of Incompressible gases.	 (N21 021 
CO, CO21 1125). 

- Heat produced by oxidation reactions. 

- In situ production of CO and 002. 

Experiments at ARC were then designed to determine 
if air would also improve recovery from a hot water 
process. One series of experiments was carried out 
on a small oil sand core (3.8 centimeters diameter, 
22.5 centimeters long) to examine small scale effects 
of the water-air process and specifically to deter-
mine how air injection would affect the pressure 
drop across the core, the post-run oil saturation, 
bitumen properties, and produced aqueous phase 
properties. A second series of experiments was per-
formed In an oil sand test bed which had a 
diameter of 25 centimeters and was 100 centimeters 
long. These latter experiments were designed to In-
vestigate the effect of air injection on the bitumen 
recovery versus time curve, the pressure drop across 
the communication path, and the temperature con-
tours in the test bed. Temperature contours in the 
big cell were used to evaluate the ability of air to 
effect conformance. 

Experimenters elsewhere have observed a decline in 
LW reaction rate when 50 grams of °2 per kilogram 
of Athabasca bitumen had been consumed. This oc-
curred after the most reactive bonds and molecules 
had been oxidized. 

Based on an analysis of combustion experiments, 
some have concluded that clay or metallic deriva-
tives (e.g., copper, Iron, nickel, and vanadium) in the 
oil or solid matrix would catalyze LTO reactions.

The amount of coke produced during pyrolysis of 
Athabasca bitumen increases linearly with the extent 
to which the bitumen has been oxidized. Initially 
during LTO maltenes are converted to asphaltenes 
and essentially no coke is formed. Then at oxygen 
uptakes greater than 40 grams per kilogram of 
bitumen, coke is formed from both asphaltencs and 
maltenes. Above 200 grams per kilogram maltenes 
are converted directly to coke from which carbon 
oxide gases may be produced. 

The viscosity of Athabasca bitumen (measured at 
78 0 C) increases with extent of oxidation up to 
35 grams 0 2 /kilogram of bitumen. The viscosity In-
creases even more dramatically at higher 02 con-
sumption (see Figure 1). 

FIGURE 1 

BITUMEN VISCOSITY
VERSUS

EXTENT OF OXIDATION 

Extent of oxidation (gran Ovlg bitumen) 

Experimental Strategy 

Several experiments (hot water-only plus water-air) 
were designed to determine the effect of the 
water-air process on the pressure drop and residual 
oil saturation in small cores (3.8 centimeter 
diameter, 22.5 centimeters long) which had been 
partially depleted by a waterflood. The injection 
temperature was 200 0 C. The effect of air injection 
on the viscosity, asphaltene content, and acid num-
ber of the residual bitumen was measured. In addi-
tion, changes caused by LW reactions to the 
produced aqueous phase (sulfate, acetate, total Inor-
ganic carbon, and pH) and to the coke content of 
the post-run solids were determined. 
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Pressure Drop Results 

In Figure 2, a typical water-air run is compared to 
a water-only experiment. Initially there was a 
dramatic increase in pressure drop as a result of air 
injection. However, this increased pressure drop was 
not maintained and the pressure drop reached a max-
imum at a run time of four hours. It then started 
to fall even when water-air injection was main-
tained. As discussed later, air injection caused a 
reduction in the post-run oil saturation from 
34 percent to 16 percent. This reduction results in 
a decreased resistance to fluid flow and was prob-
ably responsible for the decrease in pressure drop 
from its maximum value. The pressure drop also fell 
abruptly (at a run time of 12 bourn) when air tnjec-
tlon was stopped because of the change from a two 
phase to a one phase flow situation. 

FIGURE 2 

PRESSURE DROP 
VERSUS 

TIME FOR TYPICAL RUNS 

Time (h)

The average coke content of the sand After the 
water-air experiments was three times that of a 
water-only experiment. The colcc particles which 
are formed have a profound and lasting effect on 
the absolute permeability by impeding fluid flow 
through pore throats. 

Air injection reduced the pH of the produced water 
to three. This pH reduction primarily resulted from 
the production of sulfate by the oxidation reactions. 
Air injection Increased the sulfate content by an or-
der of magnitude. The acetate content was also 
dramatically increased whereas any changes to the 
total inorganic carbon content were minimal. 

The bitumen recovery data are summarized in 
Figure 3.

FIGURE 3 

PERCENT BITUMEN RECOVERY
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The	 initial	 oil	 saturation	 was	 approximately
80 percent for all of the experiments. For eight to 
ten hour experiments, the post-run oil saturation was 
significantly lower in the water-air experiments as 
compared to the water-only runs (23.1 percent to 
25.0 percent versus 32.4 percent to 35.2 percent). 

The viscosity data for the residual bitumen (i.e., the 
bitumen left in the core following an experiment) 
showed that air increased the bitumen viscosity by a 
factor between three and ten. 

The asphaltene content of the post-run bitumen from 
water-only experiments was less than 20 percent and 
was similar to that of an unprocessed Athabasca 
bitumen. In contrast, the asphaltene content of the 
water-Mr	 residual	 bitumen	 ranges	 between
25 percent and 28 percent. The add number of the 
post-run bitumen was approximately doubled by 
water-air injection.

Very poor recovery was obtained from the initial 
water-air experiment lm-2. 	 in fact, its behavior 
was	 similar	 to	 that	 of	 the	 water-only 
experiment lm-1.	 As explained by the ARC 
researchers, the air concentration used in this 
nsa (lm-2) was low (1.3 mass percent) and ap-
parently too much of it was entrained in the water 
and flowed straight through the communication path 
without reacting with the bitumen. Also, water-air 
injection was preceded by 3.3 hours of water-only 
injection which cleaned out much of the bitumen 
which entered the communication path during Initial 
heating of the test bed. Thus, there was less 
bitumen in the communication path for the air to 
oxidize when it was eventually injected. In contrast 
in run lm-4, injection of water and air into an oil 
sand which had been previously depleted in a 
waterflood (lm-1) resulted in the recovery of a sig-
nificant amount of bitumen.	 In fact, 29.6 percent
of the bitumen remaining from run lm-1 was 
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recovered as a result of water-air injection. The 
essential differences in run lm-4 were: (1) the air 
concentration was much higher (initially at 9.75 mass 
percent), and (2) the communication path probably 
contained more bitumen as a result of bitumen 
drainage between the two experiments lm-1 and 
Im -4. 

Run lm-3 was the most effective experiment in 
terms of bitumen recovery because it had the 
highest air injection rates. Figure 3 shows the high 
recovery rates which were obtained. However, the 
cost of this Increased recovery was a much higher 
pressure drop than for water-only injection. Al-
though the pressure drop declined with bitumen 
production, the final pressure drop was about four 
times that obtained in the water-only experiment. 
This was probably a result of permanent permeability 
changes caused by carbonaceous solids (precipitated 
asphaltene and coke) Interfering with flow through 
pore throats in the communication path. 

Faster recovery was obtained when air was injected 
with the water (1m6) rather than at an inter-
mediate point between the water injection well and 
production well (lm-5). The pressure drop was Ini-
tially higher in lm-6 than In lm-5 but was subse-
quently lower. 

A comparison of the recovery curves for runs lm-6 
(200°C Injection) and lm-7 (170°C injection) shows 
that initially because of the lower oil sand tempera-
ture, the bitumen recovery was less in the 1700C 
experiment. However, alter about 10 hours, the 
bitumen recovery rate started to increase dramati-
cally in im-7. In this experiment, the pressure drop 
increased over the first two hours. However, after 
staying constant for about two hours, it started to 
increase again. This latter increase was a result of 
the low temperature oxidation reactions which took 
a few hours to have an effect because of the slow 
kinetics at 1700C. 

Gaichnkxis 

Among the conclusions reached by the ARC are the 
followingi 

- Air injection with water reduces the residual 
oil saturation from a zone which has previ-
ously been depleted by a waterflood. This 
reduced oil saturation Is a result of both an 
increased bitumen production and the forma-
tion of coke and carbon oxide gases from 
the bitumen. 

- As a result of water diversion from the 
communication path (horizontal fracture, high 
permeability channel, or underlying water 
layer) to the oil bearing zone, eoinjection of 
air	 can	 dramatically	 increase	 bitumen
recovery from a waterflood. 

- Air injection with water results in a more 
rapid transmission of heat through the oil 
bearing zone due to faster displacement of

bitumen and to heat produced by oxidation 
reactions. 

- A substantial percentage of the residual 
bitumen is converted to coke and this results 
in a permanently reduced absolute per-
meability of the depleted zone. This effect 
enhances fluid diversion to oil rich regions. 

- Air injection alters the properties of the 
residual oil (e.g., viscosity, asphaltene con-
tent, and acid number) and creates an acidic 
aqueous phase, which is due primarily to the 
production of sulfate ions. 

OIL FROM WOLF LAKE FIREFLOOD SHOWS IMPROVED 
QUALITY 

A recent paper by R.F. Alex et al., presents some 
data on the quality of the oil obtained from an in 
situ combustion trial carried out at the Wolf Lake 
Project by BP Canada. 

Heavy	 oil	 produced	 over a	 one	 year period	 was 
compared to oil extracted from a	 core sample prior 
to	 initiation of the	 fireflood.	 These samples	 were 
fractionated and analyzed to	 determine the	 changes 
occurring	 in the oil	 as a	 result	 of the	 recovery 
process.

The main objective of this work, as explained by 
Alex, was to assess the quality of the in situ 
combustion-produced oil with respect to the subse-
quent upgrading and refining processes. The results 
of this study (hereafter called phase one) revealed 
significant differences between the oil produced by 
fireflood and that derived from the core sample. 
Large reductions in viscosity and density for produc-
tion samples were accompanied by substantial in-
creases in the percentages of materials boiling in 
the naphtha and middle distillate ranges. The 
produced oil exhibited these effects very early in 
the production cycle. It was concluded that the 
quality of this oil would cause no special problems 
in subsequent upgrading processes. 

A determination of the oil quality produced during 
later stages of the in situ oxygen combustion 
process was of crucial importance in establishing the 
long term utility of this recovery process. A second 
phase was undertaken, covering the period from 
seven to twelve months after initiation of the 
fireflood. The results from both phases of the study 
are presented in the paper by Alex, at at. 

Experimental 

All production samples were collected from an in-fill 
drilled well in a five spot pattern. The fireflood 
commenced on approximately September 1, 1987. 
Previous to this, a core sample was obtained from 
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the same reservoir. The core sample was prepared 
by toluene extraction and may have lost some light 
ends during subsequent rotary evaporation, despite 
the 0.5 percent residual toluene. Each production 
sample was dewatered by ultra centrifugation prior to 
analysis. 

Analyses were conducted on the whole oil and sub-
sequent distillation cuts.	 Each sample was distilled 
into naphtha (115-204 0 C),	 middle distillate (204-



345°C), gas oil (345-442 0 C), and residue (>4420C) 
cuts.	 The latter three cuts were further frac-



tionated by column chromatographic separation. 

Whole Oil Analysis 

There was a significant reduction in viscosity be-
tween the core sample and the flref load -produced 
oils. This observation is consistent with those from 
previous studies, both In the laboratory and in the 
field, which Involved changes to heavy oils under 
thermal conditions. It Is reasonably clear that this 
viscosity reduction stems from an increase in the 
percentages of the naphtha and middle distillate 
cuts. These distillation data are shown in Table 1. 
Analysis reveals that the viscosity of the produced 
oil is most closely correlated with the weight per-
cent of middle distillate in the sample. The general 
increase In the weight percent of the naphtha and 
middle distillate cuts for the produced oils versus 
the core is balanced by a decrease In the weights 
of the residue cuts. 

The physical mechanism believed to be operating 
during the early stages of an in situ combustion 
process suggests that this viscosity reduction stems 
from a dilution of the oil with lower boiling 
material produced and vaporized as a result of ther-
mal cracking near the firefront.	 It must be ap-

preciated, however, that the recovered oil will con-
sist not only of material formed at the firefront. 
The steam zone which precedes the combustion 
region will transfer heat to the virgin or native oil 
In the formation. The consequent reduction In vis-
cosity will mobilize this oil and lead to simultaneous 
production of both virgin oil and volatile material 
formed near the firefront. The compositional details 
of the produced oil are perhaps even more complex 
than this consideration suggests. Laboratory studies 
have shown that there is fractionation of crude oil 
as It moves through a quartz matrix, resulting in a 
redistribution of the saturate hydrocarbon fraction in 
favor of the lower molecular weight n-alkanes with 
increasing migration distance. This redistribution was 
accentuated by the presence of clays in the mineral 
phase. 

The weight percent of both nitrogen and sulfur in 
the produced oil of phase one decreased slightly 
relative to the core sample. This is likely a 
reflection of the dilution of the produced oil by low 
boiling material formed near the firefront. This 
material would not be expected to contain large 
amounts of sulfur- or nitrogen-containing components. 

Naphtha 

The naphtha content in each of the produced oil 
samples is higher than that of the core sample. 
Early In the production cycle, there Is an increase 
in the amount of olefins present. These are likely 
formed by thermal cracking near the firefront and 
produced early in the cycle due to their relatively 
high volatility. A similar argument may be used to 
rationalize the increase in aromatics during the early 
recovery phase. As the production cycle continues, 
the amounts of both olefins and aromatics decrease 
in the naphtha fractions. 

TABLE 1 

DISTIU.ATIt*4 DATA 
(Volume %) 

Middle 
Naphtha Distillate Gas Oil 
(115- (202- (345- Residue 

Sarple 204°C) 345°C) 442°C) (>442°C) 

Core 0.8 17.7 16.5 65.0 
1 2.59 19.56 17.66 60.19 
2 2.54 24.33 15.58 57.55 
3 3.21 30.27 19.72 46.80 
4 1.52 18.99 21.71 57.78 
5 2.16 17.64 16.66 63.54 
6 3.43 22.06 15.44 59.07 
7 2.60 20.17 18.66 58.57 
8 2.55 18.53 19.69 59.23 
9 4.04 18.85 21.55 55.56 
10 3.06 18.99 13.67 64.28 
11 2.47 18.61 15.99 62.93

3-26	 SYNTHETIC FUELS REPORT, MARCH 1990 



Middle Distillate 

There was a large relative increase in the weight 
percent of the middle distillate cuts In the phase 
one fireflood samples compared to the core sample. 
As discussed previously, the reduction in viscosity of 
the fireflood whole oil samples Is most closely corre-
lated with the weight percent of this cut. The 
amount of nitrogen increased dramatically during 
phase one but returned to lower levels late In phase 
two of the recovery process. The amount of sulfur 
follows a similar but less striking variation to that 
of nitrogen. These observations are consistent with 
previous arguments based on the formation of small 
nitrogen- and sulfur-containing molecules which are 
produced early in the production cycle. 

The aromatic contents of the middle distillate cuts 
show an increase relative to the core material for 
the phase one samples but return to core levels 
later In phase two. Similar behavior was observed 
for the weight percent of aromatics in the naphtha 
cuts and a similar explanation may be advanced. 
The early enrichment of the produced oil by volatile 
aromatic molecules produced by thermal cracking is 
later moderated by the increasing production of mo-
bilized and fractionated virgin oil. 

There was no clear trend to the variations in weight 
percent for this cut. The variations seen are likely 
due to factors such as channeling and formation 
heterogeneities. There was little change In either 
the nitrogen or sulfur content between the core and 
produced oil samples. 

RIikae 

The weight percent of the residue cuts decreases 
significantly during phase one. While there Is a 
reversal of this trend for the phase two samples, it 
did not return to the core sample levels. This 
"trough" in the weight percent of the residue cut 
correlates with the increased weight percent of the 
middle distillate cut during this period (Table 1). 
There was no significant change In the weight per-
cent of nitrogen or sulfur over the time period of 
the study.

Summary 

Alex at al. conclude that upgrading of the produced 
oil from the in situ combustion field pilot is 
reflected In the reduced viscosity and density of the 
whole oil and by Increases In the amount of 
material boiling in the naphtha and middle distillate 
ranges. A concomitant decrease in the weight per-
cent of the residue cut Is observed. The absence 
of an increase in acid number or asphaltene content 
are said to be auspicious signs for the subsequent 
upgrading of the produced oil. 

The naphtha cut exhibited significant increases in 
aromatic content early in the production cycle. In 
addition, there was sustained shift to lower carbon 
numbers in the various compound classes. This 
presence of 'new' compounds in the naphtha cut as 
a result of the combustion process was highlighted 
by the appearance of C 6 to C12 n-paraffins. 

The aromatic content of the middle distillate cut 
also increased early In the production cycle although 
there was little indication of permanent shifts in 
compound classes or carbon number distributions. It 
was the relative growth in the weight percent of 
the middle distillate cut which most affected the 
quality of the produced oil. 

The weight percent of the gas oil cuts underwent 
little change as a result of the fireflood and there 
appeared to be little relative change with respect to 
compound classes In the chromatographic fractions. 

The	 weight percent of	 the	 residue	 cuts	 for the 
fireflood-produced oils were	 lower	 than that	 of the 
corresponding cut from the	 core sample.	 There was 
no significant change In the	 nitrogen or sulfur con-
tent	 of	 the residue over	 the	 time, period	 of the 
study.

It was generally concluded that the quality of the 
oil produced during the one year period of the In 
situ oxygen combustion process should cause no 
major problems in subsequent upgrading processes. 
On the contrary, it appears that the recovery 
process itself resulted In a small but significant 
amount of upgrading. 
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INTERNATIONAL 

ALBERTA OIL SANDS DEVELOPMENT COULD POINT THE 
WAY FOR AUSTRALIAN OIL SHALE 

The keynote address at the Fifth Australian Workshop 
on Oil Shale (held in Lucas heights, New South 
Wales, Australia, December 7-8, 1989) was based on 
a paper by W.J. Yurko and L.R. Turner of the Al-
berta Oil Sands Technology and Research Authority 
(AOSTRA). The paper outlines the history of Alberta 
oil sands development with emphasis on the nurturing 
roles played by governments. Technology sponsored 
by AOSTRA for oil sands development (the Taciuk 
Processor) may now provide the starting point for a 
synthetic fuels industry in Australia based on oil 
shale. An abstract of the keynote address follows. 

The events which have led to the establishment of a 
technically and economically successful synfuels in-
dustry in Alberta, Canada may provide encouragement 
to Australian scientists, engineers and entrepreneurs 
to press on to the ultimate goal, namely--
commercialization of Australia's oil shale resources. 

There has been a long history of events leading up 
to Alberta's first modem day commercial oil sands 
plant. The first recorded sightings of oil sands out-
crops along the banks of the Athabasca and Clear-
water Rivers occurred in 1778. These and subse-
quent references are described in the journals of 
various fur traders and explorers. Scientific interest 
in the Athabasca deposit began in 1819 with early 
and somewhat sporadic attempts at geological 
characterization and mapping. It was not until 1913 
that any serious and sustained investigation of the 
Athabasca oil sands was begun. 

It was during the first World War that extraction of 
bitumen by mixing oil sands with hot water and 
recovering the bitumen that floated to the surface 
was pioneered. This technique was further refined 
and improved by Dr. Karl Clark of the Athena 
Research Council in the 1920s and it Is the Clark 
Hot Water Extraction Process that Is in use today in 
the two commercial, mined oil sands plants in Al-
berta. 

A succession of commercial operations and 
demonstration plants to extract bitumen from mined 
oil sands were undertaken by private entrepreneurs 
and by both the Alberta and Canadian governments 
between 1922 and 1950. Nate of these early ven-
tures has survived. 

In the early 1950s however, several oil companies 
took up exploration permits of 50,000 acres each, 
primarily in the Fort McMurray region of Athena in 
which the surface mineable areas of the Athabasca 
deposit occur. 

In 1964, Great Canadian Oil Sands (GCOS) commenced 
construction of a 45,000 barrel per day synthetic 
crude oil facility north of Fort McMurray in the sur-

face mineable Athabasca deposit.	 Initial start-up
took place in 1967. 

The second company to be created in the late lOSOs 
was Cities Service Athabasca, Inc.; later to become 
Syncrude Canada Ltd. Although this company had 
applied initially for a permit to construct a nominal 
100,000 barrel per day synthetic crude oil plant In 
1962, it was not until 1971 that a permit was even-
tually issued and construction could get underway. 
The Syncrude plant commenced operations in 1978. 

It	 is	 significant	 to	 note	 that the	 upsurge	 In	 oil 
sands	 activity	 which	 occurred in	 the	 1950s	 took 
place	 less	 than	 10 years	 after the first	 major crude 
oil discovery In Alberta, 	 at Leduc, in	 1947.	 In spite 
of	 the	 fact	 that	 conventional crude	 oil	 production, 
although	 only	 in	 its	 infancy, was	 growing	 rapidly, 
major	 oil	 companies	 were	 nevertheless	 prepared	 to 
accept	 the	 very	 large	 technical	 and	 financial	 risks 
of pioneering	 large	 commercial oil sands	 projects	 in 
Alberta.	 In	 1964,	 when construction	 of	 the 
GCOS	 plant	 began,	 oil	 sands technology	 was	 un-
proven,	 government	 financial assistance	 was	 non-
existent	 and	 the	 proposed	 oil sands	 projects	 were 
viewed	 with	 suspicion,	 if	 not outright	 hostility	 by 
conventional	 crude	 oil	 producers.	 Future	 events 
would justify	 this	 leap	 of	 faith by the embryonic oil 
sands industry.

In the first 10 months of 1989, the combined 
average daily synthetic crude oil production of the 
Suncor and Syncrude plants was 210,000 barrels per 
day representing about 14 percent of the total Al-
berta liquid petroleum production and 11.8 percent 
of total Canadian production. 

Now, two new synthetic crude oil projects in Athena 
are in the early stages of engineering and construc-
tion. The OSLO Project which will produce 
76,500 barrels per day from surface mined oil sands 
is slated to come on stream in 1996: and, the Husky 
Hi-Provincial Upgrader designed to produce 
46,000 barrels per day of synthetic crude and 
8,000 barrels per day of asphalt from a blend of 
Lloydminster and Cold Lake heavy ohs, Is scheduled 
for start-up in 1992. 

In addition to present synthetic crude oil production, 
Alberta's average daily production of in situ 
produced oil sands bitumen and heavy oil from the 
deeply buried deposits was 297,000 barrels per day 
in the first 10 months of 1989. 

The expansion in synthetic crude oil production in 
Alberta is now driven by a continuing decline in 
conventional crude oil reserves since the early 1970s 
and a corresponding decrease in actual production. 
The decrease in production capacity of light and 
medium crude between 1980 and 1989 was about 
20 percent and the forecast is that by the 
year 2000 production of light and medium crude will 
be down to about 40 percent of 1980 levels. 
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Concern over this situation has given rise to an in-
creasing spirit of cooperation between industry and 
the provincial and federal governments. In the ease 
of the OSLO Project, the Alberta Government, 
through its Crown agency Alberta Oil Sands Equity, 
has a 10 percent equity in the project and the 
Canadian Government through Petro-Canada has 
15 percent equity. In addition, the Alberta and 
Canadian Governments have agreed to provide com-
bined financial assistance to the OSLO commercial 
project in the form of loan guarantees and grants 
totaling $2.05 billion or one-half the estimated capi-
tal cost of the project. 

Government involvement in the Husky Si-Provincial 
Upgrader is even more extensive with the govern-
ments of Alberta, Saskatchewan and Canada com-
bined, assuming a 73 percent equity interest in this 
$1.3 billion project. 

In addition to direct financial involvement in com-
mercial oil sands and heavy oil projects, the Alberta 
Government took the unprecedented step in 1974 of 
establishing the Alberta Oil Sands Technology and 
Research Authority (AOSTRA) to promote, encourage 
and assist in the development of oil sands, heavy oil 
and enhanced oil recovery technologies. 	 Since its 
formation,	 AOSTRA has committed more than
$500 million to the fulfillment of its mandate. 

The AOSTRA/ Australia Link 

In the area of surface mineable oil sands technology, 
the development of the AOSTRA Taciuk Process may 
contribute to the development of a commercial oil 
shale industry in Australia. 

Southern Pacific Petroleum has selected the AOSTRA 
Taciuk Process, or ATP, for their proposed semi-
commercial demonstration plant near Gladstone. The 
ATP is a direct thermal retort that has been 
developed by AOSTRA and UMATAC Industrial 
Processes over the past 13 years. AOSTRA's interest 
in the ATP was triggered by its potential for the

simultaneous extraction and primary upgrading of oil 
sands bitumen. The performance with run-of-mine 
oil sands feed has been demonstrated by extensive 
operations in a five ton per hour pilot plant in Cal-
gary, Alberta. 

The downturn in oil prices in the mid-1980s caused 
a temporary halt in the industry's interest in new 
oil sands projects in Alberta. This promoted AOSTRA 
to focus on other applications for the ATP technol-
ogy. They became acquainted with Southern Pacific 
Petroleum and their interest in the possibility of 
using the ATP for pyrolysis of oil shams from the 
Stuart Deposit. Since 1985, AOSTRA and UMATAC 
have worked closely with Southern Pacific to test 
the process performance on Stuart shales and to 
provide design and cost information specific to 
Southern Pacific's planned 6,000 tonne per day 
semi-commercial demonstration plant. 

The message brought by AOSTRA to Australia is that 
the oil sands of Alberta have given rise to a heal-
thy and competitive synfuels industry which offers 
security of supply and a substantive contribution to 
the economy of the province. In the beginning, a 
few men of vision were prepared to accept the 
technical and business risks associated with the 
formation of a new industry which many in industry 
and government alike considered unjustified at the 
time. In recent years these risks have been shared 
with both the provincial and federal governments in 
the form of financial assistance, equity participation 
and, through AOSTRA, participation in the develop-
ment of innovative and cost effective technologies. 
Now, benefits in the form of technology transfer to 
other industries, direct and indirect job creation 
(Syncrude is the largest single employer in Alberta), 
support services, northern community development and 
so forth, are but a few of the many spin-off 
benefits flowing from the commercialization of the 
oil sands of Alberta. 
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ENVIRONMENT 

POSSIBLE ACTIONS TO LIMIT THE GREENHOUSE IMPACT 
OF OIL SANDS BITUMEN LISTED 

A discussion paper by 5.1. Wiggins and W.J. Yurko of 
the Alberta Oil Sands Technology and Research 
Authority last year outlined some possible responses 
to concerns over global warming as a result of the 
"greenhouse" effect. Their study was a preliminary 
attempt to assess the effects on the Alberta fossil 
fuels industry if international notion is taken to 
limit emissions of greenhouse gases. 

Likely Global Actions 

The suggested global actions to deal with greenhouse 
warming range from learning to live with climatic 
change to a drastic reduction in fossil fuel use. It 
is considered likely that some measures will he 
token to minimize climatic change if there is inter-
national agreement that the threat is real, probably 
including the following: 

- Increased energy conservation 

- A ban on the use of chlorofluorocarbons 

- Discouragement of land clearing 

- Replacement of heavier by lighter hydrocar-
bon fuels 

- Increased use of nuclear and renewable 
energy 

- Use of neat hydrogen as a transportation 
fuel 

implhmtiais for Alberta 

One positive effect of such policies on Alberta 
should be an increase in demand for natural gas, 
both as a replacement for heavier fuels and as a 
source of hydrogen for upgrading these fuels. At 
the same time, a trend to reduced consumption of 
heavier fuels would probably result in smaller 
domestic and export markets for coal. Oil demand 
would probably decline over a period of time with 
increased conservation and replacement by other 
heating and transportation fuels. The suggested 
countermeasures are the development of methods of 
reducing CO 2 emissions from fossil fuels to permit 
their continued use. 

Reduction in CO2 EmlIoILs 

The implementation of effective measures to reduce 
the net additions of CO 2 to the atmosphere from 
fossil fuel burning would serve as arguments for ex-
tending fossil fuel use. The approaches considered 
In the study are:

- Increasing the hydrogen to carbon ra tin at 
fuels to reduce the CO 0 omissions for a 
given energy output; 

- Reducing the amount of CO 2 emitted during 
production, processing, and transportation of 
the fuels; 

- Capturing the CO 2 released during combustion
of the fuel for use or long tern storage; 

- Rernoviag CO 2 from the atmosphere with 
growing vegetation; 

- Increasing the efficiency of energy utiliza-
tion; 

- Reduction of CO 0 emissions from sources 
other than fossil fuels. 

Figure 1 outlines the possible approaches for reduc-
ing CO 2 emissions from the use of oil sand bitumen. 
The technology for convertng heavy oil or coal to 
light liquid hydrocarbons or to substitute natural gas 
is largely available now, although it is not always 
economic at current energy prices. The accompany-
ing increase in hydrogen to carbon ratio greatly 
reduces the amount of CO 2 released per unit of 
combustion energy. The availability of hydrogen is 
the key to this solution. 

According to Wiggins and Yurko, considerable reduc-
tions in CO 2 emissions during production and process-
ing of the fuel can be achieved by optimum choice 
of processes and energy sources, particularly in 
natural gas processing and in situ bitumen produc-
tion. Capture of the byproduct CO 2 produced during 
steam-methane reforming or steam-oxygen gasification 
is an integral part of this approach. 

Capture of CO 2 from combustion of fuels is much 
more difficult than from processes such as steam-
methane reforming since the c0 2 in flue gas is 
diluted with large amounts of nitrogen from the 
combustion air. The current processes for recovering 
CO 2 from flue gas have high capital costs and re-
quire large amounts of low pressure steam for 
regeneration of the absorbent. 

The growth of vegetation removes CO 2 from the at-
mosphere by photosynthesis, so that an increase in 
total vegetation growth through reforestation or 
other measures would result in a net decrease in 
CO 2 additions to the atmosphere. The forest areas 
required to absorb CO 2 at the rates emitted from 
major sources such as thermal power stations are 
very large, but Alberta has large tracts of marginal 
land that might he diverted to this purpose. The 
accumulated growth of plant material must be even-
tually utilized in ways that do not quickly return 
CO 2 to the atmosphere. 
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Conclusions 
FIGURE 1 

OPTIONS FOR REDUCING 
CO2 EMISSIONS

FROM OIL SANDS BITUMEN USE 
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A significant reduction In CO 2 emissions should be 
possible through further improvements in the ef-
ficiency of energy utilization in all of the major 
energy use sectors. While this reduction in emis- 
sions will be obtained at the direct expense of 
reduced fossil fuel consumption, it will often be the 
most cost-effective approach and is almost certain 
to form part of any over-all plan for CO 2 control. 

Flerilility In Meeting CO2 Reduction Targets 

The indications from this preliminary AOSTRA study 
are that a mandated conversion to energy sources 
which emit less CO 2 to the atmosphere would 
benefit the natural gas industry, but would progres-
sively reduce the markets for Alberta coal and crude 
oils unless countermeasures were taken. While global 
action will obviously be required if CO 2 emissions 
are to be significantly reduced, It should be noted 
that the measures available for this purpose will dif-
fer from one country or region to another. The 
authors suggest that any national or international 
programs to reduce CO2 emissions be Implemented in 
a flexible manner so that each country or region 
can use those measures which will be least disrup-
tive to the local economy.

Yurko and Wiggins	 believe	 there	 is	 a growing con-
sensus	 that the	 risk	 of global climatic changes from 
greenhouse warming	 is real	 and	 serious. These 
changes may not	 fully manifest	 themselves	 for	 25	 to 
50	 years, but	 by	 this time	 it	 may	 be too	 late	 to 
implement measures to slow	 or	 reverse the	 climatic 
effects.

There are still differences of opinion as to the 
measures that should be taken in the meantime. 
Because of the political and economic difficulties of 
implementing worldwide action to reduce the ac-
cumulation of greenhouse gases, some agencies are 
looking at the changes in agricultural and other ac-
tivities that will be required to accommodate to 
temperature and rainfall changes. On the other 
hand, many groups feel that measures should be 
taken now to avoid or minimize climatic change, and 
are proposing courses of action which range from a 
reduction of 50 percent or more in fossil fuel use 
to a combination of energy conservation, fuel sub-
stitution, a ban on chlorofluorocarbon use, and dis-
couragement of land clearing by burning. 

A major switch to non-fossil energy sources cannot 
be implemented rapidly worldwide. In any case, 
much of the reduction in CO2 emissions will probably 
be brought about through conversion to fuels which 
produce less CO  per unit of energy, rather than by 
elimination of fossil fuels. This would lead to an 
increase in demand for Alberta natural gas and light 
synthetic fuels, although at the expense of coal and 
conventional crude unless other measures were taken 
to preserve markets for these fuels. 

The other approach explored In the study is to 
reduce the environmental impact of fossil fuel use, 
both by minimizing CO 2 emissions to the atmosphere 
and by removing CO 2 from the atmosphere. The 
feasibility of the various measures that might be 
used varies very widely at the present stage of 
technology development. Processes for increasing the 
hydrogen to carbon ratio of fuels are in commercial 
use or at the demonstration stage for oil sands 
bitumen. Processes for converting coal to liquid 
fuels and substitute natural gas are technically 
proven and are mainly held back by economics in 
most parts of the world. The capture of CO 2 from 
high-concentration sources such as steam-methane 
reforming involves little more than gas compression, 
and will probably be done under normal market 
forces if the demand for CO 2 for enhanced oil 
recovery develops as projected. In contrast, 
recovery of CO 2 from power plant flue gas Is costly 
and energy-inefficient with current technology. 

Many of the measures considered for reduction of 
CO 2 emissions rely on long-term underground storage 
of recovered CO 2 . The information available to date 
suggests that such storage is technically feasible, 
safe, and effective; that abundant storage capacity 
is available, not only in Alberta but In much of 
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that the fuels now used have normally been chusen 
as the least-cost alternatives. 

While It Is difficult to predict what form any m-
tionalp or International policies to reduce carbon 
dioxide emissions will actually take, the measures 
suggested by AOSTIIA	 would provide sufficient 
flexibility to react to almost any scenario. Even in 
the extreme--and unlikely--case of a complete bun 
on fossil fuel combustion, with only hydrogen and 
biomass fuels permitted, Alberta would by no means 
be left out of the picture. Natural gas would be 
used to produce hydrogen with capture of the 
byproduct CO 2 , non-fuel uses of hydrocarbons could 
be expanded, and Alberta could move into the 
production of biomass-derived fuels. Wit!, nore 
moderate scenarios a variety of options would be 
available for the oil sands industry, as shown in 
Figure 1. 

Control of carbon dioxide emissions will obviously be 
a global challenge rather than just an Alberta 
problem, and not all of the measures discussed in 
the AOSTRA study will be viable options In all parts 
of the world. In particular, long-term storage of 
Go  in underground reservoirs will only be feasible 
in areas with large sedimentary basins, and refores-
tation opportunities will be very limited in countries 
with high ratios of population to arable land area. 
On the other hand, these regions may have options 
which are unavailable or unacceptable for social or 
economic reasons In Alberta. Consequently, it will 
be highly desirable to implement any control policies 
in a flexible manner so that each country or region 
is free to develop its own strategy for bringing 
about an agreed reduction in CO  emissions. Taking 
Canada as an example, Quebec would probably prefer 
to increase its use of hydroelectric energy, Ontario 
to develop its nuclear industry further, and Western 
Canada to go to the trouble of reducing 00 2 emis-
sions from fossil fuel use in order to preserve this 
industry. Vehicle users in all regions will probably 
wish to retain the convenience of liquid hydrocarbon 
fuels as long as possible and make their 00 2 reduc-
tions in other ways. Such a flexible policy would 
avoid unnecessary damage to regional economies and 
also eliminate the need to designate any particular 
energy source as the major villain. This may, in 
fact, be the only basis on which global agreement 
can be obtained for a reduction In 002 emissions, 
say Wiggins and Yarko. 

Western Canada and probably also some other parts 
of the country; and that the energy required for 
00 2 compression and pipelining Is a small fraction of 
the combustion energy of the fuel in nany cases. 
However, it is clearly necessary to verity these in-
dications and to determine the practical range of 
applicability of this approach to 002 emission con-
trol. 

There are a number of other areas identified by the 
authors where literature surveys and research might 
lead to improvements in the feasibility of measures 
to reduce net 002 emissions from fossil fuel use: 

Improved methods of production, distribution 
and utilization of hydrogen for upgrading of 
fossil fuels 

- Identification of stand-alone processes for 
production of hydrogen from natural gas and 
other hydrocarbons which eliminate dilute 
002 emissions from fuel-fired heaters 

- Methods of decreasing fuel consumption in 
gas processing plants 

- Identification of most economical processes 
for separating 002 from 1123 in gas process-
ing plants 

- More economical and energy-efficient methods 
of recovering 002 from flue gas 

- Development of small, regenerable 002 ab-
sorbers for vehicle exhaust and domestic fur-
naces 

- Development of oxygen combustion systems to 
facilitate recovery of 002 from flue gas 

- Identification of consumptive uses for CO 2 to 
reduce the net cost of recovery 

- The most effective methods of utilizing 
vegetation growth to remove 002 from the 
atmosphere, including the subsequent disposal 
of the plant material. 

The costs of the suggested measures for reducing 
net emissions of 002 have only been addressed in a 
few cases, but most of them will be clearly un-
economic at present energy prices. However, it 
should be noted that any forced reduction in fossil 
fuel use will automatically lead to higher energy 
costs, both through conversion costs and the fact
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RESOURCE 

HEAVY OIL POTEN1IAL OF SOUTHWEST MISSOURI 
DflANEAT& 

Although not especially	 well known,	 the	 State of 
Missouri contains a	 number of	 shallow,	 heavy oil 
deposits. The locations	 and characteristics	 of	 these 
deposits, and some	 of	 the history	 of	 attempts to 
develop them, were	 described by	 B.	 Netzler	 at the 
1989 Eastern Oil Symposium in November.

Heavy oil deposits have been reported from several 
counties in Western Missouri. Figure 1 shows a 
general area extending from Barton County in South-
western Missouri to Caldwell County, northeast of 
Kansas City. The more concentrated, thicker, and 
shallower deposits, and therefore the most promising 
for future development are those in Barton, Vernon, 
and southern Bates Counties. 

FIGURE 1 

MAP OF HEAVY OIL OCCURRENCES 
IN MISSOURI 
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The most favorable heavy oil areas He in an area 
around the Bourbon Arch. Figure 2 shows the struc-
tural features of Missouri. The Bourbon Arch was a 
low positive feature which separated the Forest City 
Basin to the north from the Cherokee Basin to the 
south until submergence in the Middle Pennsylvania. 
At the end of the Mississippian Period, regional 
emergence and subaerial exposure occurred forming a 
paleo-karst surface. As the Pennsylvanian seas 
covered the rnidcontinent area the well known cyclic 
sedimentation of the Pennsylvanian began. 

FIGURE 2 

STRUCTURAL FEATURES 
OF THE MID—CONTINENT 
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The sandstones, shales, siltstones, claystones, and 
limestones of the lower Pennsylvanian have been 
described as being deposited In a fluvial-deltaic en-
vironment. Distributary channel, crevasse splay, 
point bar, and possibly braided stream deposits ap-
pear to be represented by the Upper and Lower 
Bluejacket and the Upper and Lower Warner 
sandstones. 

The tar/heavy oil in the Warner and Bluejacket prob-
ably was generated In the enclosing shales. 
Evidence for this is the high organic matter content 
of some shales and the discontinuity of the 
sandstone reservoir rocks, which precludes migration 
from more distant sources. 

Over the years, estimates on the amount of heavy 
oil in place have ranged from a few million barrels 
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to a very speculative, 75 billion barrels. In 1974, 
an estimate of oil In place of 8.3 billion barrels 
was made based on the existing data at that time. 
Between 1074 and 1979, additional studios were un-
dertaken, with partial support from the Department 
of Energy, which allowed for a revised estimate 
based on more data. 	 In 1979, this resulted in an 
estimate of heavy oil in Western Missouri from 1.4 
to 1.9 billion barrels. The area that this estimate 
covered included mainly Vernon, Barton, Jasper, and 
the western portion of Cedar and Dade Counties 
(Figure 1). 

According to	 Netzler,	 recovery rates	 in the	 range of 
50	 to 60 percent	 have	 been obtained	 from	 recent 
heavy oil operations	 in	 Vernon County.	 Using these 
rates and an	 average price	 of $20	 per	 barrel,	 the 
value of the reserve approaches 40	 billion	 dollars.

Phillips Petroleum Company (1955-1958) 

Early in 1955, Phillips Petroleum Company began test-
ing a counterf low underground combustion process to 
produce the highly viscous oils of Southwest Mis-
souri. At the time Phillips was preparing for this 
test all available data indicated that a direct drive 
method, in which the combustion front and the in-
jected air stream moved in the same direction, 
would not work for highly viscous oils because the 
heated and thinned oil would be driven ahead of the 
combustion front by the air pressure into the un-
heated rock and congealed, forming a gas per- 
meability barrier which smothered the combustion. 

Laboratory experiments conducted by Phillips 
demonstrated that this permeability barrier would not 
develop it the injected air came from the opposite 
direction that the combustion front was moving. 
The air would force the heated and thinned oil back 
through the combustion zone, thus keeping a gas 
barrier from forming. 

The site selected near Bellamy, Missouri, was a 
12 foot thick section of tar sandstone which ex-
tended from 49 to 61 feet below the surface. The 
sandstone was underlain and overlain by siltstones 
and shales which served as a seal. 

The Phillips field testing program involved a total of 
seven different well spacing patterns, including five-
and seven-spot patterns, a 15 well line drive pattern 
and a 10 well radial pattern. 

Before testing began, Phillips had to prepare the 
reservoir. The sandstones in this area had ap-
proximately 50 percent of their pores filled with 
water and 50 percent filled by immobile tar with a 
viscosity of greater than 500,000 centipoise. The 
water in the sandstones was flushed out by injection 
of air. When most of the water had been removed, 
the combustion test could begin. 

Philips conducted the line drive counterflow combus-
tion test for nine days.	 Following this period of 
controlled stabilized operation, 	 a sudden air
breakthrough led to a termination of the test. Phil-

lips determined later that thermally induced fractures 
had penetrated some of the injection wells, causing 
breakthrough. 

Phillips concluded that production of low viscosity 
oil from essentially immobile hydrocarbon In con-
solidated bituminous sandstone by counterflow under-
ground combustion is technically feasible tinder the 
field conditions prevailing at Bellamy. 

Carter 011 Company (1955-1959?) 

The Deerfield steam drive pilot test was located in 
Vernon County, Missouri and undertaken by Esso 
Production Research Company, Humble Oil and Refin-
ing Company, and Carter Oil Company, all divisions 
of Exxon. After testing began, core results showed 
that there was not enough oil in place to constitute 
a commercial oil production operation. However, 
work continued to evaluate field performance of 
steam injection as a recovery method. 

The location of the test was about 10 miles north 
of Deerfield in the Stotesbury Oil Field. 

The test was conducted in the Warner Sandstone 
Cherokee Group, Pennsylvanian Age. The top of the 
Warner was about 160 feet below the surface and 
the average thickness was about 45 feet with two 
types of hydrocarbon saturation present. The lower 
portion contained a thick tar that would not flow 
under the influence of a steam drive. The upper 
26 feet of the sandstone contained hydrocarbon that 
responded to the steam drive test. 

The pilot project when completed consisted of nine 
inverted five-spot patterns on five-eighths acre spac-
ing. Nine wells were steam injection wells and 16 
were oil production wells. All wells were completed 
as open-hole with 4.5 inch casing cemented to the 
top of the Warner Sandstone. Pumps were installed 
in the production wells but as the test matured, 
many wells flowed. 

Over the life of the test, each Injection well 
received from 45,000 to 73,000 barrels (as conden-
sate) steam. Production from the central portion of 
the field amounted to 4,679 barrels of oil, with a 
water-oil ratio of 41:1. 	 The peripheral production 
wells produced a total of 2,073 barrels of oil, with 
a water-oil ratio of 138:1.	 This resulted in an
average water-oil ratio of 70:1 for the Deerfield 
steam pilot test. 	 The oil produced was 18 0 to
21° API. 

Shell Oil Company (1963-1966) 

Beginning in 1963, Shell Oil Company operated a 
steam pilot and a combustion pilot in Vernon County, 
Missouri. The horizon tested was the Warner 
Sandstone of the Cherokee Group, Pennsylvanian Age. 
The Warner Sandstone was about 250 feet deep and 
reached a thickness of approximately 45 feet. Both 
the steam and combustion pilots were developed on 
2.5 acre inverted five-spot patterns. 
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tion wells. This field was plugged due to declining 
oil prices and not because of depleted oil reserves. 
Upon abandonment of this steam project 
133,018 barrels of oil had been produced. 

Shell's combustion pilot test produced 346 barrels of 
oil and the steam test produced a total of 
6,600 barrels of oil. 

Henry Petroleum Company (1975-1976) 

Henry Petroleum Company unsuccessfully tried to 
produce heavy oil from what is now the Eastliurn 
Field in Vernon County. It is believed that Henry 
Petroleum operated a nitrogen injection project which 
was abandoned after very little oil was recovered. 

Bar-Co-hoc, Incorporated (1920s1960s?) 

There have been several references to quarry opera-
tions on outcrops of heavy oil sandstone deposits. 
The most notable was a quarry and plant near Ian-
tha, Barton County, Missouri. This plant produced 
tar sandstone which was crushed and used for paving 
material.	 As far as is known, no one tried to ex-



tract oil from these quarried tar sandstone deposits. 

Dotson Oil Company (1966-1980) 

Dotson Oil Company operated what appeared to be 
an air injection project In the Thomas Field, Vernon 
County. Thirty-one wells were drilled on this lease 
and cumulative production totaled 17,953 barrels of 
Oil. 

Beny(x1 Energy Company (1979) 

Benyon Energy conducted CO 2 and steam injection 
tests in Barton County. These tests were reported 
to be in the Bluejacket Formation, Cherokee Group, 
Pennsylvanian Age. Average oil production per well 
was expected to be 10 barrels per day. 

Jones-Blair Energy Incorporated (1962-1987) 

In 1982 Jones-Blair began steam injection operations 
In the old Stotesbury Field located in Vernon 
County.	 This reservoir was previously produced 
around World War I. Production probably ranged 
about five to six barrels per day per well eventually 
dropping to one-fourth to one-half barrel per day 
per well before abandonment. 

Initial tests Involved the huff and puff method of 
steam injection. Jones-Blair designed a carbon 
dioxide vaporizer to use with the injection of steam 
and other chemicals in these tests. 

Development of this field proceeded with the drilling 
of wells in alternating rows of Injection and produc-

Cannel Energy, Inc. (1978-present) 

In 1978 Carmel Energy entered into a Department of 
Energy cost sharing contract to test its Vapor Therm 
system in Vernon County. 

Carmel Energy's Vapor Therm process involves the 
generation of a mixture of super-heated steam, 
nitrogen, and carbon dioxide to be injected into the 
shallow heavy oil bearing Pennsylvanian sandstones. 
The inert gases repressurize the formation while the 
heated vapors reduce the viscosity of the oil so 
that it can be removed much easier. 

Carmel Energy's operation is Missouri's largest coTh 
mercial heavy oil project. 	 To date, Carmel has 
produced over 550,000 barrels of heavy oil. When 
prices dropped drastically In 1986, Carmel began cur-
tailing its thermal injection. At present, Carmel has 
drastically cut back on Its operating costs and Is 
averaging only about 5,500 barrels per year. At its 
peak, Carmel was averaging 10,000 barrels of oil per 
month. 

Electromagnetic Energy Incorporated 

Electromagnetic Energy, Inc. Is testing a microwave 
thermal recovery technique to attempt production of 
the heavy oil in the Eastburn Field. This test has 
not been completed and no results are available at 
this time. 

MW Inc.--Town Oil Company (1989) 

A secondary water drive injection test was initiated 
In the old Bitterroot Field using horizontally drilled 
wells as injection and production wells. Eleven 
laterals were drilled to a vertical depth of ap-
proximately 150 feet with lateral distances Iron, 150 
to 200 feet In length. The change from vertical to 
horizontal was accomplished in approximately 20 feet 
of radius.	 Nine of the laterals were drilled in the 
direction of permeability and two were drilled per-
pendicular to the direction of permeability. Initial 
tests were not successful but additional tests are 
planned in the near future. 
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RECENT OIL SANDS PUBLICATIONS / PATENTS 

OIL SANDS - PATENTS 

"Sonicntion Method and Reagent for Treatment of Carbonaceous Materials," Long-Iivan Jang, Jih-Fen Kuo, iiaze;n 
Sadeghi, Mohammad-Ali Sadeghi, Teh Fu Yen - Inventors, Tar Sands Energy Ltd., United States Patent 
Number 4,891,131, January 2, 1990. Hydrocarbon liquids are recovered from carbonaceous materials such as tar 
sands utilizing a separation reagent formed In situ by reacting polar resin components of tar sands with an inor-
ganic base such as sodium silicate In sonicated aqueous solution In absence of an organic solvent to form a siir-
faetant.	 When tar sands are added to the sonicated separation reagent, the surfactant penetrates the bitumen 
which aids in removing the bitumen from the sand particles. The lighter, non-polar hydrocarbon oil fractions 
separate from the emulsion and rise to the top and are recovered by skimming. The heavier asphnitcnes and 
preasphaltenes complex with the polyvalent metals to form charcoal-like agglomerates which settle to the bottom 
of the treatment tank. The separation reagent forms during the reaction and can reach a concentration capable 
of dissolving bitumen. The separation reagent can be recovered and used in other processes after removal and 
recovery of the clay. The separation reagent must be substantially diluted after being recycled and reused to 
reduce solvation properties. 

"Separation of Fine Solids from Petroleum Oils and the Like," Redmond J. Farnand - Inventor, Canadian Patents Ji 
Development Ltd., United States Patent Number 4,888,108, December 19, 1909. Dispersed solids, particularly fine 
peptized hydrophobic solids, present in some petroleum oils, bitumen solutions or concentrates, heavy oils and the 
like, may be removed by distributing an additive selected from resorcinol, eateehol, formic acid, maleic acid or 
anhydride, chloral hydrate and asphaltene--precipitating solvents (preferably certain mixtures thereof) throughout 
the dispersion to cause small agglomerates containing the solids to form, and separating the agglomerates from 
the residual liquid. This residual liquid Is rendered more suitable for various refining processes. Agglomerates 
containing asphaltenes and mineral solids may be used e.g., in hydrogen generation, for compounding roofing 
materials and In paving materials. 

"Method and Apparatus for Hydrocarbon Recovery from Tar Sands," Arnold E. Harak, James U. Westhoff - Inven-
tors, United States Department of Energy, United States Patent Number 4,800,528, November 14, 1909. A method 
and apparatus for utilizing tar sands having a broad range of bitumen content is disclosed. More particularly, 
tar sands are pyrolyzed in a cyclone retort with high temperature gases recycled from the cyclone retort to 
produce oil and hydrocarbon products. The spent tar sands are then burned at 2,000°F in a burner to remove 
residual char and produce a solid waste that is easily disposable. The process and apparatus have the ad-
vantages of being able to utilize tar sands having a broad range of bitumen content and the advantage of 
producing product gases that are free from combustion gases and thereby have a higher heating value. Another 
important advantage is rapid pyrolysis of the tar sands in the cyclone so as to effectively utilize smaller sized 
reactor vessels for reducing capitol and operating costs. 

"Hot Water Bitumen Extraction Process," John S. Randall - Inventor, Solv-Ex Corporation, United States Patent 
Number 4,875,998, October 24, 1989. A method and apparatus for a combined solvent and hot water extraction 
of bitumen oils from tar-sands ore. The crushed tar sands ore is conditioned in hot water while excluding air, 
after which oversized and inert rocks are removed by screening. The bitumen content of the resulting slurry is 
then extracted with a water immiscible hydrocarbon solvent of low density to form a solution of bitumen oils In 
solvent or bitumen extract phase, a middle water phase and a lower spent wet solids phase. Each of these 
phases is thereafter processed to produce product bitumen oils and to recover solvent and water for reuse within 
the process. The product bitumen oils are further processed to separate the fines, and may be refined and 
separated into synthetic crude oil and asphaltenes residue components. The asphaltenes residue component may 
be burned in a fluidized bed boiler to provide process heat and electrical power for the method. 

"Process for the Production of High Density Jet Fuel from Fused LIulti-Ring Aromatics and Hydroaromatics," 
Glen P. Hamner - inventor, Exxon Research and Engineering Company, United States Patent Number 4,875,992, Oc-
tober 24, 1989. A process for the conversion of a feed rich in fused two-ring aromatic and fused two-ring 
hyrkoaromatic hydrocarbons, notably light cat cycle oil, furnace oils, coal liquids, tar sands liquids, shale oil II-
quids, and the like to high density jet fuels. Sulfur or nitrogen, or both are removed from said feed and a 
hydrodesulfurized/hydrodenitrogenated liquid product separated therefrom is hydrotreated in a second stage over a 
highly active ftuorided group VIII metal-on-alumina catalyst at conditions sufficient to selectively hydrogenate and 
saturate the fused two-ring aromatics and/or partially saturated fused two-ring hydroaromatics at high selectivity 
to naphthenes without any significant conversion thereof to lower molecular weight hydrocarbons. High density 
jet fuels having an API gravity ranging from about 25 to about 35, with a total aromatic content well below 
about 50 percent, preferably five percent to about 30 percent, are produced. 
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OF OIL SANDS PROJECT'S 

J. W. Bunger and Associates, Inc. (JWBA) has initiated a project for commercialization of Utah Tar Sands. The product of the ini-
tial venture will be paving and specialty asphalts. The project contemplates a surface mine and water extraction of bitumen fol-
lowed by clean-up and treatment of bitumen to manufactur specification asphaltic products. JWBA has secured rights to patented 
technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1988, JWBA completed a feasibility study which examined the technology, markets, resources and economics for asphalt produc-
tion. Results showed a strong potential for profitability at today's prices and costs. Level of profitability is sensitive to site-specific 
factors and price variations. Results also showed the need for further development of technology applicable to the consolidated, 
oil-wet resources typical of Utah and other domestic deposits. 

In February, 1989, KWBA received an award of $500,000 from the United States Department of Energy to further develop the 
technology and to conduct site-specific optimization. The award was one of about 30 given nationwide. 

All candidate sites in the Uinta Basin are currently under consideration including Asphalt Ridge, P.R. Spring, Sunnyside and White 
Rocks. The commercialization plan calls for completion of research in 1990, construction and operation of a field plant by 1991 and 
commercial operations by 1994. The schedule is both technically realistic and financially feasible. 

Research and Development: $1 million 
Pilot project: $5 million 
Commercial Facility: to be determined 

Husky Oil is proceeding with the design and construction of a heavy oil upgrader to be located near the Alberta/Saskatchewan bor-
der at Wilton, near Lloydminster, Saskatchewan. The facility will be designed to process 46,000 barrels per day of heavy oil and 
bitumen from the Lloydminster and Cold Lake deposits. The primary upgrading technology to be used at the upgrader will be 
H-Oil ebullated bed hydrocracking followed by delayed coking of the hydrocracker residual. The output will be 46,000 barrels per 
day of high quality synthetic crude oil. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase I of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In September, 1988, Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture agreement 
to finance and build the Ri-Provincial Upgrader. Project completion is targeted for late 1992. 

In February, 1989 the Bi-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be in full swing by April, 1989. 

Detailed engineering and design is approximately 30% complete as of October 31, 1989. Engineering will be completed by the tst 
quarter of 1991. Procurement of major equipment is well underway with purchasing of bulk materials and miscellaneous equip-
ment to continue through to 3rd quarter of 1990. 

Site preparation has been completed. Major civil contracts are to be awarded early in 1990. Major mechanical contracts will be 
started in the 3rd quarter 1990. The construction force is expected to peak at 2,400 persons by the 3rd quarter 1991. 

The Solv-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readily recoverable.



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL PROJECTS (Continued) 

In February, 1989, a viable processing flowsheel was finalized which not only recovers the originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent less than 15 percent of 
the potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a single-train plant, much smaller than the 10,000 barrels per calen-
dar day plant originally envisaged. The optimum size will be determined in the preconstruction feasibility study and this module is 
estimated to cost not more than C$200 million. 

The Bitumount lease covers 5,874 acres north of Fort McMurray, Alberta. Bitumen reserves on the lease are estimated at 
1.4 billion barrels. 

Solv-Ex is currently looking for potential financial partners to expand the project. 

BURN!' LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T-30) 

The Burnt Lake in situ heavy oil plant is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will average 12,500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require the close cooperation of Canada's military. 

The multi-phase Burnt Lake project, which will involve cyclic steaming, was put on hold in 1986 due to low oil prices, then revived 
in 1987. The project as of early 1989 has again been halted. 

According to initial plans, the project was supposed to be designed after the thermal recovery project Suncor operates nearby at 
Fort Kent. There slant wells were drilled in clusters and cyclic steamed. 

Future stages could double production to 25,000 barrels per day. Burnt Lake is estimatedt to contain over 300 million barrels of 
recoverable heavy oil. 

COLD LAKE PROJECT - Esso Resources Canada Limited (F-SO) 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen-
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted ro 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 averaged 60,000 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A debottlenecking of the first six phases has added 19,000 barrels per day in 1988, at a 
cost of $45 million. 

The AERCB approved l3sso's application to add Phases 7 through 10, which will eventually add another 44,000 barrels per day. A 
decision has been made not to complete the facility at this lime. Phases 9 and 10 have been postponed indefinitely. 

However, all construction will be completed on the central processing plant for Phases 7 and 8 and partially completed for the field 
facilities. The construction is 70% completed. 

Project Cost: 	 Approximately $770 million for lust ten phases 

DAPHNE PROJECT - Petro-Canada (T-60) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. The project is expected to cost $3.8 billion 
(Canadian). To date over 350 core holes have been drilled at the site to better define the resource. 

Currently, the project has been suspended pending further notice. 

Project Cost: 	 $3.8 billion (Canadian)
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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. 

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, initially producing about 20 barrels per day, was put into production in December 1985 
in Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a well in the Lloydminster area in Alberta, Canada. This well was drilled 
on a farmout from Husky Oil in the Wildmere Field. Primary production continued for about 60 days, during which the well 
produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installation of the ORS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected. Process energy costs have been demonstrated at around $1/bbl. 

This well was shut-in after seven months of operation due to high operating costs associated with severe sand production. Two 
other wells utilizing the Technology have been completed in the Wildmere Field with encouraging results initially. However, at-
tempts to mitigate the sanding problems have not been successful and these wells were also shut-in after approximately one year of 
operations. 

Additional work is being undertaken in Canada. Most recently, a 12 degree API heavy oil well in Alberta increased production 
from 20 barrels to nearly 80 barrels per day. Another well in Saskatchewan increased from 75 to about 125 BOPD after application 
of the Technology. Approximately 20 wells are expected to apply the Technology within Canada during 1989. This work is being 
performed by Electromagnetic Oil Recovery Limited (EOR), a Calgary headquartered affiliate. EOR signed a contract in 1988 
with Shell which will lead to a field test of the Technology in Europe during 1989. 

ORS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe 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 ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farinout from Tenneco Oil. The wells were eventually shut-in in 1988 due to low productivity, sanding problems, 
and low oil prices. 

A demonstration field test began in Brazil in late 1987. The test well was initially completed in September 1987. The initial test 
well resulted in increasing production from the initial level of 1.1 barrels per day up to 14 barrels per day. The process will be ap-
plied to an additional 4 wells during 1989 before a decision is made to expand the well stimulation program to potentially several 
hundred oil producing wells in Brazil. 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase I Thermal Project is located in the NW 1/4 of 
Section 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.



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL PROJECTS (Continued) 

Amoco Canada has several development phases of the Elk Point Project. Phase I of the Project will involve the drilling, construc-
tion, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a continuation of field delineation and 
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 I Thermal Project and cleaning facility was initiated in May 1985. l'he cleaning facility has been opera-
tional since October 1985. Steam injection into the 13-well project was initiated in July, 1987. 

In February, 1987, Amoco Canada received approvel from the Energy Conservation Board to expand the development of sections 
28 and 29. To begin this expansion, Amoco drilled 34 wells in the north half of section 29 in 1987-88, using conventional and slant 
drilling methods. Pad facilities construction occurred in 1988. Further drilling in Sections 28 and 29 may continue in 1989, depend-
ing on oil prices. 

Oil production from current wells at Amoco's Elk Point field totals 1,000 cubic meters per day. Production with these new wells 
will gradually increase totals to approximately 1,280 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 I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited. (T-tOO) 

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 would involve development of primary and thermal recovery operations in the Lindbergh and Frog Lake sec-
tors near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 129 wells were 
drilled by the end of 1988. 

PanCanadian expects Phase I recovery to avenge 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase 11 operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase Ill would go into operation in the late 1990's, and production would increase to 12,000 barrels per day. 

Thus far, steam stimulation has been applied experimentally in two sections, and the results are being evaluated while study 
proceeds on a pilot steam flood process in one of these sections. 

As of June 1989, low prices for heavy crude and lack of economics for expensive enhanced oil recovery methods have caused Pan-
Canadian to delay Phase I plans. Meanwhile the company continues to streamline primary operations, to evaluate steam stimula-
tion results and to plan experimental steam flood pilots. 

Project Cost:	 Phase I = C$90 Million 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-110) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and 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 oil production rate 
reached 1,200 barrels per day. 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection has been tem-
porarily suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion 
zone and to scavenge heat. Oil production remains in excess of 1,000 barrels per day. 

Project Cost: 	 Estimated $42.5 million
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL PROJECTS (Continued) 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (T-120) 

Dome Petroleum (now Amoco) 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. A total of 46 slant 
wells have been drilled to date and placed on primary production. Low oil prices have forced a delay in the proposed commercial 
development. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (T-130) 

Murphy Oil Company Ltd., has completed construction and startup of a 2,500 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. 
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 
85,000 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project. 

This project is currently suspended due to low oil prices. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 

NEWGRADE HEAVY OIL UPORADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. The official opening was held November 9. 
1988. 

The reflnery/upgrader combination has been running at jJ	 barrels per day of crude through the refinery itself. From that, 
barrels per day of heavy mid bottoms are sent to the new Atmospheric Residual Desulfurization unit which performs 

primary upgrading. From there 12, barrels per day is being run through the Distillate I Iydrotreater which improves the quality 
of the distillate fuel oil streams by adding hydrogen. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries provided 5 percent of the costs as equity, plus the existing refinery, while the provincial government 
provided 15 percent. The federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the 
costs as debt. 

NewCirade selected process technology licensed by Union Oil of California for the upgrader. The integrated facility j capable of 
producing a full slate of refined products or alternately 50,000 barrels per day of upgraded crude oil or as will be the initial case, 
some combination of these two scenarios. 

Project Cost:	 $700 million 

OSLO PROJECt" - Esso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. (T-150) 

The OSLO joint venture is planning a 77,000 barrel per day oil sands mining, extraction and upgrading plant 60 kilometers north of 
Fort McMurray. Production is scheduled to begin in 1997.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL PROJECTS (Continued) 

The OSLO joint venture consists or Esso Resources (25 percent), Canadian Occidental Petroleum (20 percent), Gull Canada 
Resources (20 percent), Petro-Canada (15 percent), PanCanadian Petroleum (IC percent) and Alberta Oil Sands Equity (10 
percent). To the end of 1989. $75 million has been spent on project studies. 

The Canadian federal government and the Province of Alberta have signed a Statement of Principles with members of the OSLO 
joint venture to proceed with the development of the integrated oil sands project. The expected date for a binding agreement on 
the project is spring 1990. 

The government will contribute jointly up to $850 million towards up-front costs as development incentive, paid at a rate of 25% of 
the costs incurred by the proieet sponsor. Capital costs of over $3 billion will be supplied or raised by the project sponsors, includ-
ing $1.2 billion in loans from private lenders which will be guaranteed by the governments. Repayable interest assistance to a maxi-
mum or $250 million will be available for pre-production loans, should oil prices remain below agreed upon benchmarks. 

The project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, the 
bitumen would be extracted from the sand by warm water and chemicals and fed into an upgrader. There, it would be convened 
into synthetic crude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian refineries. OSLO 
has selected the high-conversion Veba Combi Cracking rprocess for upgrading. 

Current efforts are focused on technical process selection and seekin g regulatory approvals. Public consultation and environmental 
assessment considerations are ke y to obtainin g these approvals. 

In 1991, assuming the project meets specified economic criteria, major contracts will be tendered and construction will begin. 
Production is expected to start in 1997. 

The OSLO reserves are of higher quality than most of what remains at Syncrude. and OSLO's layer of overburden is thinner, ad-
vantages that will help make OSLO's estimated production costs slightly lower than those of Syncrude. 

Project Cast: $4.1 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (T-160) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an avenge production rate of 10000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The com-
mercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant for 
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 
initially would be exported to the northern tier refineries in the United States for asphalt production. 

An application to the Energy Resources Conservation Board 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-tenn plan to develop the Peace River oil sands. 

On January 25, 1988 the ERCB approved Shell Canada's application to expand the Peace River project from 10,000 barrels per day 
to approximately 50,000 barrels per day. 

PREP II, as it will be called, entails the construction of a stand-alone processing plant, located about 4 k south of PREP I. PREP 
II would be developed in four annual construction stages, each capable of producing 1,600 cubic meters per day. 

However, due to low world oil prices and continual uncertainty along with the lack of improved fiscal terms the project has been 
postponed indefinitely. 

Some preparatory site work was completed in 1988 consisting of the main access road and drilling pads for PREP II. This work 
would enable a quick start should the decision to proceed occur in the near term. 

Project Cost: 	 $200 million for PREP I 
$570 million for PREP I!
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STATUS OF OIL SANDS PROJECTS (Underline denotes; changes since December 1989) 

COMMERCIAL PROJECTS (Continued) 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Dome (now Amoco) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Amoco is 
earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company 
undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest 
in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Amoco can earn an interest in an additional 194,280 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 section will contain four 26-well slant-hole drilling clusters. 
Each set of wells will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation 
Board approval on February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988. The 
12,800 acre project will be developed in three phases. Four 6,500 barrel per day modules will be used to meet the 25,000 barrel per 
day target. 

Due to the recent decline in oil prices, the proposed drilling schedule has been postponed. The project will proceed when oil prices 
return to levels which make the project viable. Amoco indicates this would he above $20 per barrel. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORI) SYNTHETIC CRUDE REFINERY - Shell Canada Limited (F-ISO) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided by 
the two existing oil sands plants, Syncrude and Suncor. The refinery's petroleum products are gasoline, diesel, jet fuel and stove 
oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. 
Refinery and petrochemical plant officially opened September 1984. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants 

SUNCOR, INC., OIL SANDS GROUP - Sun Oil Company (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (T-190) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil, most of which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 316 million barrels 

In October, 1987, production was interrupted by a fire which started on a conveyor belt. Partial production was resumed in January 
1988, with full production in September, 1988. An expansion of capacity to 63,000 barrels per day is underway. Succor will also in-
crease its upgrading capacity by an additional 10,000 barrels per day to a total of 73,000 barrels per day. Total cost of this expan-
sion is $150 million. 

In 1988 Suncor's Board of Directors approved the expenditure of another $50 million on the debottlenecking project. The project 
will increase the plant's primary production capacity to 71,000 barrels per day when completed in 1991. 

During 1988 Suncor maintained reliable production, kept costs down and completed the naphtha recovery unit phase of the overall 
$200 million debottlenecking project. 

In 1989 the Oil Sands Group recorded second quarter earnings of $12 million compared with earnings of $5 million for the second 
quarter of 1988. Earnings for the first six months were $12 million compared with a loss of $12 million for the same period of 1988. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL PROJECTS (Continued) 

Production at Oil Sands Group was strong in the second quarter of 1989, averaging 59,498 barrels per day compared with 56,783 
barrels per day for the second quarter of 1988. 

Suncor, as of December 5, 1988, reduced its capital spending in response to expectations of an uncertain crude price environment 
and potential lower cash flow. The $200 million Debottlenecking project to increase production to 71,00) barrels per day was put 
on hold due to the oil price and need for partners. Engineering work continues, however. 

Expansion is currently on hold as they look for partner opportunities. 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-200) 

Amoco Corporation is continuing to study the Feasibility of a commercial project on 1,120 acres of Fee property and 9,600 acres of 
combined hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and 
retorting technologies. The available core data are being used to determine the extent of the mineable resource base in the area 
and to provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work was completed in 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. Amoco continued due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Lease. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - (INC Tar Sands Corporation (1'-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent ash 
and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be simpler and 
cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston and produced a 27 degrees AN crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today GNC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
Heavy. 

GNC has 2,ODO acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, GNC requested loan and price guarantees of $452,419,000. On November 19, 
1985 the SFC determined that the project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SFC was cancelled by Congressional action. (INC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg and Engelhard indicating feasibility, after the 
decline in prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent 
gasoline and 69 percent diesel. The 7,500 barrels per day plant including upgrading to products, with some used equipment, would 
cost $149 million. 

Project Cont:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (T-220) 

Synco Energy Corporation of Orem, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil and electricity from coal and tar sands.
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The Synco process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2,000 degrees F 
by making steam and then mixed with the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out of 
the tar sands and this is then fractionated into a mixture of kerosene Get fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO  removed and the gas burned in a gas turbine to 
produce electricity. The hot exhaust gases are then used to make steam and cogenerated electricity. 

Testing indicates that the hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 
Synco holds process patents in the U.S., Canada and Venezuela and is looking for a company to joint venture with on this project. 

The plant would be built at Sunnyside, Utah, near the city of Price. 

There is a resent of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. 

Project Cat: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada Limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Alberta Energy Company (10.0 percent); PanCanadian Petroleum Limited (10.0 percent); Gulf Canada Resources 
Ltd. (9.03 percent); Canadian Occidental Petroleum Ltd. (7.23 percent); HBOG - Oil Sands Ltd. Partnership (Amoco Canada Petroleum 
Company Ltd.) (5.0 percent) (T-230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 155,000 barrels per calendar day. The 
original plant with a capacity of 108, barrels was based upon: oil sand mining and one delivery with four dragline-bucketwheel 
reclaimer-conveyor systems; oil extraction with hot water flotation of the ore followed by dilution centrifuging; and upgrading by 
fluid coking followed by hydrotreating. During 1988, a 6-year $13 billion investment program in plant capacity was completed to 
bring the production capability to over 155,000 barrels per calendar day. Included in this investment program arc a 40,000 barrel 
per day LC Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine teed systems as well as 
debottlenecking of the original processes. 

Project Cost:	 Total cost $3.8 billion 

THREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (T-240) 

Three Star Drilling and Producing Corporation has sunk a 426 foot deep vertical shalt into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois. 	 - 

Three Star has drilled over 32,000 feet of horizontal boreholes up to 1,500 feet long through the reservoir. The original drilling pat-
tern was planned to allow the borehole to wander up and down through the producing interval in a"snake* pattern. Now, only 
straight upward slanting holes are being drilled. Three Star estimates the Upper Siggins still contains some 35 million barrels of 
oil. First production is expected to begin in March 1990, while further drilling continues. 

The initial plans call for drilling one to four levels of horizontal boreholes. The Upper Siggins presently has 34 hori7ontal welts 
which come the 32,000 feet of drilling. 

Project Cost:	 Three Star has budgeted $33 million for the first shaft. 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (T-260) 

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.
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Twenty-two wells were drilled in 1981 to determine a site for the plant. Application to the ERCB was approved in September 1982. 
An EPC contract for the Central Plant was awarded to Saturn Process Plant Constructors Ltd., in August 1983. Construction was 
complete in the first quarter 1985, 5.5 months ahead of schedule. 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 Stales. 

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. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased back to 3,028 barrels per day in late 1988. 

In 1987, a program desired to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. The major contract for the central plant was let to Fluor Corporation in October, 1987. Wolf Lake 2 was 
expected to be completed in mid-1989. 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). 

In early 1989, Br Canada and Petro- Canada said they will delay by one year the decision to start up the second phase. While the 
Wolf Lake 2 plant will be commissioned during 1988, full capacity utilization of the combined project is not likely before 1991, when 
it is expected that higher bitumen prices will support the expanded operation and further development. At the end of the commis-
sioning period, during which BP will ensure that all the plant components are operational, BP and Petro-Canada will decide when 
to begin injection. 

BP has drilled all 248 phase-two wells, bringing the total number of Wolf Lake wells to 514. 

Project Cost:	 Wolf Lake I
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T-670) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average 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,	 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately) 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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R & I) PROJECTS 

ATHABASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, husky Oil Opera-
tions Ltd., Esso Resources Canada Ltd. (F-270) 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. 

The pilot project began operation in December, 1981. Currently, three patterns are being operated: one 9-spot and two 5-spots. 
The central well of each pattern is an injector. The 8 observations wells are located in and around the three patterns. 

The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three patterns con-
tinue to be encouraging. 

In April, 1989, a special test was initiated to increase the oil production rate. To date, the test has been very successful. 

Project Cost:	 $139 million (estimate) 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, 137886 Canada Ltd., Hudson's Bay 
Oil and Gas (T-280) 

Mobil Oil Canada initiated dry combustion in the Bantam held in the Swift Current producing area of Saskatchewan in 1965 and 
converted to wet combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 
1987-88. The expansion included drilling 46 wells, adding 12 new bums, a workover program and upgrading surface production and 
air injection facilities. 

Wrap-up work on the expansion will be completed during 1989-90, and will include converting all new burns from dry to wet com-
bustion by 1989-12. Air injection will be increased during 1989 from 13 million cubic feet per day to 29 million cubic feet per day 
to accomodate the air requirements of the new burns. Two twin air/water injectors will be drilled during 1990 to complete the ex-
pansion. 

Project Cat:	 Expansion $30 million 

BVI COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (T-290) 

The project is operated by Bow Valley Industries Ltd. The process utilizes steam and additives to recover bitumen from the aear-
water formation. The project currently consists of 16 wells directionally drilled from two pad locations. 

The project is located on a Gulf Canada tease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot from 
1977 to 1979. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf pilot. 

Cyclic steam operations began in mid-January, 1985 at the original seven-well pad to test the steam and additives process. A new 
steam placement technique was developed during these operations with favorable results. This led to a new nm-well pad being 
drilled in late 1986 to further investigate the new technique developed with the original pad. Cyclic operations at both pads are 
continuing. 

Project Cost:	 $13 million 

CANMET HYDROCRACKING PROCESS - Petro-Canada and Partec Lavalin Inc. (T-300) 

A novel hydrocracking process for the upgrading of bitumen, heavy oil and residuum has been developed at the Canada Centre for 
Mineral and Energy Technology (CANMET). This CANMET Hydrocracking Process is a single-stage, high conversion process ef-
fective for the conversion of 90 weight percent of the pitch in heavy feedstocks to distillate boiling below 524 degrees C. (Pitch is 
defined as material boiling above 524 degrees C.) An additive is used which acts as a coke preventer and a mildly active 
hydrogenator at moderate pressures. Hydrogen consumption and gas make are lower compared to other hydrocracking processes. 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985- Upon startup, the 
unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was achieved. In May 1986, 
introduction of additive led to the achievement of 80 weight percent pitch conversion without coking. This test proved the bench-
cial effect of the additive in achieving high conversions.
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Further testing, in pilot plants, led to the use of a simpler additive which could be prepared in a single stage operation. Since 
March 1987 the demonstration unit has been operating with this simplified additive scheme at pitch conversion greater than 85 
weight percent. Up to February 1988 data has been collected for two different feedstocks (pitches from Western Canada Crude 
blend and Cold Lake heavy oil). Pitch conversion of 86 weight percent has been achieved with the Cold Lake Feed. 

The high conversion Carmel IIC process has been successfully demonstrated and is now available for commercial application. 
Patent protection and process guarantees are provided by the licensors. 

Project Cost:	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. and Alberta Energy Co. (T-310) 

Husky Oil Operations Ltd. (60% interest) and Alberta Energy Co. (407o interest) received IIRCB approval for a 1,100 barrels per 
day heavy oil steam pilot in the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

In September, 1989, Husky and AEC Oil & On Company announced their intention to proceed with the development of the 
Caribou Lake Pilot Project. This project will test the potential commercial application of producing heavy oil using cyclic steaming 
technology. Husky will operate the project. 

Husky and AEC have drilled 48 exploratory and development wells on the 372-section Caribou Lake block. Natural gas and 
bitumen discoveries have resulted, with the quality and extent of the bitumen resources justifying this pilot recovery project. 

Site clearing and preparation started immediately with well drilling to follow alter freeze-up and the main facility construction to 
occur through the second 

and third quarters of 1990, followed by start-up prior to year-end. The Pilot will consist of 25 cyclic 
steam/production wells, 75 MMBTU/hour steam generation capacity and associated oil treating and produced water clarification 
facilities. A comprehensive testing and analysis program to define technology for maximum reuse of produced water will be incor-
porated. 

Project Cost: $20 Million 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada (T-320) 

Mobil's heavy oil project is located in 152 and Rfl, W3M in the Celtic Field, northeast of Lloydminster The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and 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. 

Production in the Celtic Multizone Test, an expansion of the Heavy Oil Pilot, consisting of 16 wells on 20 acre spacing, commenced 
with primary production in September, 1988. First cycle steam injection commenced May, 1989. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-Il SYNFUEL.S DREDGING PROJECT - C-H Synfuels Ltd. (7-330) 

C-H Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 4th meridian 

The scheme would involve dredging of a cutoff meander in the Horse River some 900 meters from the Fort Mc Murray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 

C-H proposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the lines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cost: Not disclosed
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CIRCLE CLIFFS PRoJECT— Kirkwood Oil and Gas (1-340) 

Kirkwood Oil and Gas is forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost: 	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (1-350) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 150 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 20 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones art being tested in the Upper 
and Lower Grand Rapids formation. The test well locations are distributed throughout Mobil's leases in Townships 63 and 64 and 
Ranges 6 and 7 W4M. Based on encouraging results, the Iron River Pilot was constructed with operations beginning in March, 
1988. 

Only three wells, all multi-zone completions, are still in operation in 1989; the remaining wells were suspended at the conclusion of 
their testing programs. Beginning in July, 1988, Mobil began to test three additional multi-zone wells in the Iron River area. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
LAssociation pour Is Valorization des Hulks Lourdes (ASVAHL) (1-360) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAI IL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations were 
completed by the end of 1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raflinage, 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 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (1-380) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27.64-3W4 on Esso's Lease No. 
40. Esso has sold these data to several companies. Esso's Leming pilot is located in Sections 4 through 8-65 .3W4. The Leming 
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 on follow-up recovery methods, such as steam displacement and horizontal wells. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million
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EYEI fILL IN SITU STEAM PROJECT- Canadian Occidental Petroleum, Ltd., 'l'exaco Canada Resources Ltd. and Murphy Oil Com-
pany Ltd. (T-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation welts, and 
one pressure observation well. tnfill 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 coven 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

Production in 1988 reached 500 barrels per day and is expected to eventually peak at 1,000 barrels per day. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 
Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining tO years of life. 

Project Cost:	 $15.2 million 

FT. KENT THERMAL PROJECT - Succor, Inc. and Worldwide Energy Corporation (T-400) 

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 steamd,ive pattern was commenced in 1980, with additional patterns converted from 1984 through 
1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an 8 well cluster drilled in late 1985. r additional develop-
ment well locations have been identified. Approximately 59 wells are now operating, with production averaging 1,600 barrels per 
day. Further development work, including tying-in the 8 wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated to be greater than 21 percent with recoveries in the 26 percent range in the 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). 

In January 1989, Suncor announced that the project would be indefinitely suspended 

Project Cost:	 See Above 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-470) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2486-7W4. The par-
ticipants are Amoco (125 percent), AOSTRA (75 percent), and Petro-Canada Inc. (12.5 percent). Other parties may participate 
by reducing AOS'FRA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). 
Amoco is the operator. The production pattern consists of a four-spot geometry with an enclosed area of 0.28 hectacres 
(0.68 acres). Observation wells have been drilled. The process has tested the use of steam and steam additives in the recovery of 
highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). Special fracturing techniques have been used and 
sophisticated seismic methods and other techniques are being used to monitor the in situ process. Steam Foam Flooding is cur-
rently being investigated. 

The project began operation in September 1985 

Project Cat:	 $22.8 million (Canadian) 

HANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (17430) 

The Hanging Stone Project is located 50 km south of Fort McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three welts have been tested for injection and recovery. Planning is underway for a 13-
well pilot.
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Total land holding for the project is ant-half million hectares. 

Project Cost:	 Not formulated. 

IPIATIK EAST PROJECT - Alberta Energy Company Limited, Amoco Canada and Deminex Canada (T-435) 

The Ipiatik East pilot is inside the Cold lake Air Weapons Range, otherwise known as the Primrose Block. AEC has a 60 percent 
interest in the project along with Amoco Canada and German Deminex Canada. The project uses cyclic steam injection to test the 
production potential of the Wabiskaw sands of the Lower Cretaceous Mannville Group. 

AEC first began experimenting with cyclic steaming in the area in 1984 with seven wells drilled on 3.6 acre spacing. The initial 
strategy was to use the basal zone to promote reservoir heating and gravity drainage, and to minimize steam override. Initial 
steaming using 44,000 barrel slugs provided good performance on the first cycle but production deteriorated in later cycles. The 
wells had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface. 

In late 1986, AEC began testing a propped sand fracture completion prior to steam injection. The horizontal fracture provided a 
larger contact area for stimulation and a better chance to contain the fracture above the basal zone. To assist fracture initiation, 
the casing was notched to create a narrow horizontal area which would be exposed to high rate, high pressure fracture fluids. The 
casing was notched in the upper half of the oil sands above several of the tight calcite layers. 

Results of the propped fracturing prior to steam injection were very encouraging. AEC drilled three more wells northeast of the 
Phase A pattern in 1987 for further testing. Again, results were very encouraging. The wells achieved daily oil production rates 
which were 50 percent better than cycle one, 90 percent better than cycle two and 60 percent better than cycle three on typical 
Phase A wells. 

Encouraged by the results, AEC drilled another four wells in 1988, completing a regular seven-spot pattern on six-acre spacing. 
Those wells have performed better than the 1987 wells over three cycles. AEC will continue testing in 1989 but has no plans for ex-
pansion at this time. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (T440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells on 3.2 and 1.6 hectare spacing within a 65 hectare drainage area. The project is 100 percent 
owned by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron River battery facility located 
on the southwest corner of the quarter section. The project is expected to produce 230 cubic meters barrels of oil per day. The 
battery was expanded to handle the expected oil and water volumes. The produced oil is transported by underground pipeline to 
the battery. Pad facilities consist of 105 million Id/hr steam generation facility, test separation equipment, piping for steam and 
produced fluids, and a flare system for casing gas. 

To obtain water for the steam operation, ground water source wells were drilled on the pad site. Prior to use, the water is treated. 
Produced water is injected into a deep water disposal well. Fuel for steam generation is supplied from Mobil's fuel gas supply sys-
tem and the treated oil is trucked to the nearby Husky facility at Tucker Lake. 

Project Cost:	 $14 million 

JET LEACHING PROJECT - BP Resources Canada Ltd. (T-450) 

BP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The process, called jet leaching, involves high-rate injection of water into a tar sand formation so that the agitation of the injected 
fluid cuts the tar sand and separates the bitumen. The injected water contains chemicals that cause the sand particles to ag -
glomerate, further aiding the separation process. 

The bitumen-laden fluid is brought to the surface in a typical production well while the sand particles remain in the formation. LIP 
expects the fluid lobe in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 

The project involves drilling four wells, in which casing will be run to the top of the formation. The jet injection device will be 
lowered into the uncased bottom for injection of the water. A single jet is pointed into the formation, and is rotated during injec-
tion in order to contact the entire formation exposed in the wellbore. 

The fluid injection rate probably will be in the range of 15-25 barrels per hour at a fluid temperature of 175 degrees F 
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R & D PROJECTS (Continued) 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cost: C$500, 

KENOCO PROJECT - Kenoco Company (T460) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin-
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 

Plans are being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 
10,ODO barrels per day operation. Timing is not yet f

i
rm pending stabilization of oil prices. 

Project Cost:	 Not disclosed 

LINDBERGII STEAM PROJECT - Murphy Oil Company, Ltd. (1`470) 

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 95,ODO Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2500 md. 

This pilot is currently suspended due to low oil prices. 
(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. (F.480) 

Dome Petroleum Limited (now Amoco) has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in 
order to evaluate an enriched air and air injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot pat-
terns to evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

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 200,000 cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any oxygen 
breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen. 

Project Cost:	 $22 million 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (r490) 

Amoco completed a 44 well drilling program in Section 35-51-4 W4M in the Morgan field in order to evaluate a combination ther-
mal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have been steam stimulated. The 
producers in these patterns have received multiple steam and air/steam stimulations to provide for production enhancements and 
oil depletion prior to the initiation of burning with air as the injection medium. To date, six of the nine patterns have been ignited 
and are being pressure cycled using air injection. 

Project Cost:	 $20 million
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R & D PROJECTS (Continued) 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (T-500) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year farinout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phases I and II by contributing $57 
million. 

Phase II, designed to further test and delineate the resource, is now complete. Phase Ill began in December, 1988. The program 
includes a multi-cycle single well steam simulation test at 16-27-84-11 W4 in its eighth production cycle. A second multicycle single 
well steam stimulation test at 4-35-84-11 W4 is in its sixth cycle. Operation of the third single well lest at 13-27 was suspended after 
completion of its fourth cycle. Construction has begun for a 13-well pilot with operation scheduled to begin in 1990. 

Project Cost:	 Not disclosed 

PELICAN LAKE PROJECT - CS Resources Limited and Devran Petroleum Ltd. (T.510) 

CS Resources has acquired from Gulf Canada, the original operator, the Pelican Lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,500 feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 
Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 

Drilling of five more horizontal wells with horizontal sections of upwards of 2,500 feet will commence in November, 1989 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - CS Resources (T-520) 

Construction of lireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase 1 of the project 
commenced operations in August 1981, and Phase II (firellood) 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 
productionl In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The watertlood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was converted to steamflood in fall 1987. 

As of early 1989 thermal operations, with the exception of the seven-spot steamllood project, have been terminated and the wells 
placed in a flowdown phase. 

Project Cost:	 Not Specified 

PROVOST UPPER MANNV1LLE HEAVY OIL STEAM PILOT PROJECT - Noreen Energy Resources Limited (T-530) 

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. 
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R & D PROJECTS (Continued) 

All nine pattern wells were placed on primary production in February 1985. 

Project Cost:	 Not Disclosed 

PR SPRING PROJECT - Enercor and SoIv-Ex Corporation, (T-540) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
avenge grade 017.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and has 
the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital and 
operating costs. Process optimization and scale-up testing is currently underway for the Solv.I?.x/Shell Canada Project which uses 
the same technoloy. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230,947,000 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. however, the SEC was abolished by Con. 
gttss on December 19,19a5 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 Cat:	 $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 (17-550) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

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. 1-lydroconver-
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 tower hydrogen consumption. Research with the 5 BPD pilot plant was finished in 1988. A 10 barrels per day 
pilot plant with suspended-bed reactor, designed by the M. W. Kellogg Company, was completed in 1985 and is in operation. A 
new type catalyst for the suspended bed process has been developed, and data have been obtained for process scaleup. 

Project Cost:	 Not Disclosed 

ItAS GHARIB THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (T.560) 

The tar sand thermal pilot lies onshore in the Ras Gharib field on the West Coast of the Gulf of Suez, Egypt. Three wells, spaced 
approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Gharib coven 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.
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K & D PROJECTS (Continued) 

A 50 million BTU per hour single pass steam generator was purchased. The first 3 cycles recovered nothing but water from the 300 
foot deep zone. A fourth attempt in 1986 included a monitor well which showed that the steam was over-riding the tar zone. 

Project Cost:	 Not Disclosed 

RTR PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (r-570) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substantial 
reduction in waste volume. 

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. (1'-580) 

Home Oil Company Limited, in October 1979, announced the farniout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980091 (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. 

Little progress has been reported since 1987. 

Project Cost:	 Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. (F-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 57 wells at this site with most having been drilled since 1985. The heavy oil reservoir at 
Soars Lake is located in the Sparky formation at at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. 

The injection scheme calls for steaming two wells simultaneously with the project's two 25 MM[3TU/hr generators. 

The initial production from the pilot wells is about 250 barrels per day, with the production expected to reach 1,000 barrels per day 
within a year. 

Project Cost: $33 million through 1988 

TACIUK PROCESSOR PILOT - AOSTRA/The UMA Group Ltd. (F-MO) 

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.
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R & D PROJECTS (Continued) 

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, lull rights for evaluation purposes to the in-
formation generated by the project during the current phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

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:	 $53 million 
Outstanding:	 $4.8 million 
Authorization:	 $10.1 million (AOS'l'RA) 

1'ANGLEflAGS NORTh - Sceptre Resources Limited and Murphy Oil Company Ltd. (T-620) 

The project, located some 35 kilometers northeast of Lloydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Uoydminster region. 

The Tangleflags North Pilot Project is employing drilling methods similar to those used by Esso Resources Canada Ltd. in the Nor-
man Wells oil field of the Northwest Territories and at Cold Lake, Alberta. The combination of the S®-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangleflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan are providing up to $3.8 million in funding under the terms of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

The Tangleflags project is designed for an early production response so that expansion potential can be evaluated by 1990. Current 
estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,2® barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing at rates up to 1,000 barrels of oil per day by mid 1989. Cumulative production to the 
middle of 1989 was 163,503 barrels. Production is expected to increase to a consistent 1,000 barrels of oil per day by the end of 
1989. The expansion of the pilot project into a commercial operation involving 14 horizontal wells will hinge on future crude oil 
prices. A decision regarding commercial expansion will be considered in 1990. 

Project Cost: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-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 Gunsiglit 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 STSA.s as follows: 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost:	 Unknown
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TUCKER LAKE PILOT PROJECT - husky Oil, Ltd. (F-640) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,000 acre section of the lease. 

Preliminary estimates indicate that oil in place at the project area exceeds 680 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,500 md. Oil gravity is 10 degrees API with a viscosity of 100, 	 cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated facilities. 
The project resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil prices. 
The project was mothballed again in the fourth quarter of 1988 due to low oil prices. There are currently no plans or schedule for a 
renewal of operations. 

Project Cost: 	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority, Federal Department of 
Energy, Mines and Resources (CANMET'), Chevron Canada Resources Limited, Texaco Canada Resources Ltd., Mobil Oil Canada Ltd., 
Petro-Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd. (T-650) 

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process unit. The project in-
volves drilling two parallel vertical shafts. Horizontal tunnels off the shafts allow drilling of access wells to permit heated bitumen 
to flow by gravity into the tunnels. 

AoS'rRA 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 30) meters of preliminary tunnel work. The shafts have been completed and 
approximately 1 kilometer of tunnel is in place. 

An innovative underground drilling machine has been designed and fabricated by Drill Systems for the project. After undergoing 
surface testing at Exshaw, Alberta, the rig was moved to the UTF site and reassembled in the mine. It has now drilled the initial 
underground test wells. 

Recovery processes will be tested in conjunction with drilling tests. Two processes have been selected for testing: a steam-assisted 
gravity drainage process promoted by AOSTRA as the Phase A program, and a joint test with Chevron Canada Resources of the 
proprietoty Chevron HASDrive process. 

Process facilities construction was completed in October 1987 and steaming started on both tests that November. Both pilot tests 
have performed exceptionally well and the programs have been extended to March 1990. 

Project Cost:	 $100 million
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COMPLETED AND SUSPENDED PROJECTS 

Project 

Aberfeldy Project 

A.D.I. Chemical Extraction 

Alsands Project 

Aqueous Recovery Process 

Ardmore Thermal Pilot Plant 

Asphalt Ridge Tar Sands Pilot 

Asphalt Ridge Pilot Plant 

Athabasca Project 

Beaver Crossing Thermal Recovery Pilot 

Block One Project 

Burnt HollowTar Sand Project 

Burnt Lake 

California Tar Sands Development Project 

Calsyn Project 

Canstar 

Cat Canyon Steamflood Project 

Cedar Camp Tar Sand Project 

Chaparrosa Ranch Tar Sand Project 

Charlotte Lake Project 

Chemech Project 

Chctopa Project 

Cold Lake Pilot Project 

Deepsteam Project

Sponsor 

Husky Oil Operations, Ltd 

Aarian Development, Inc. 

Shell Canada Resources, Ltd. 
Petro-Canada 
Gulf Canada 

Globus Resources, Ltd. 
United-Guardian, Inc. 

Union Texas of Canada, Ltd. 

Sohio 

Enerror 
Mobil 
University of Utah 

Shell Canada Limited 
Solv-Ex Corp. 

Chevron Canada Resources 

Amoco Canada Petroleum Company Ltd. 
AOSrRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Glenda Exploration & Development Corp. 
Kirkwood Oil & Gas Company 

Sun cor 

California Tar Sands Development Company 

California Synfuels Research Corporation 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Nova 
Petro-Canada 

Getty Oil Company 
United States Department of Energy 

Enercor 
Mono Power 

Chaparrosa Oil Company 

Canadian Worldwide Energy Ltd. 

Chemech 

EOR Petroleum Company 
Tetra Systems 

Gulf Canada Resources 

Sandia Laboratories 
United States Department of Energy

Last Appearance in SFR 

March 1983; page 3-33 

December 1983; page 3-56 

September 1982; page 3-35 

December 1984; page 3-44 

September 1989; page 3-9 

December 1986; page 3-51 

September 1984; page T-7 

September 1988; page 3-50 

December 1988; page 3-67 

September 1984; page T-8 

September 1984; page T-8 

December 1986; page 343 

September 1989; page 3-42 

March 1984; page 3-34 

March 1987; page 3-29 

December 1983; page 3-58 

June 1987; page 3-55 

March 1985; page 3-42 

September 1988; page 3-61 

December 1985; page 3-51 

December 1983; page 3-59 

December 1979; page 3-31 

March 1984; page 341 
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Enpex Staro Project Enpex Corporation March 1989; page 3-63 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

Fostern N. W. In Situ Wet Combustion Mobil Oil Canada, Ltd. December 1989; page 3-

Grossmont Thermal Recovery Project Unocal Canada Ltd. December 1988; page 3-71 

JIOP 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 
Pet ro-Ca nada 

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 343 
Westcoast Petroleum 

Marguerite Lake 'B' Unit AOSTRA December 1988; page 3-72 
BP Resources Canada 
Petro-Canada 

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. 
Pc t ia-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 343 

It F. Heating Project ]IT Research Institute March 1983; page 3-43 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company
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Santa Rosa Oil Sands Project Solv-Ex Corporation March 1985; page 3-45 

Sarnia-London Road Mining Assisted Project Devran Petroleum December 1988; page 3-62 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum December 1988; page 3-76 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 343 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980 page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-tine Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project 1W Canada Resources September 1988; page 3-70 
Petro Canada 

200 Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy

SYNTHETIC FUELS REPORT, MARCH 1990 



STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

Alberta Energy Company Burnt Lake Project 3-38 
Caribou Lake Pilot Project 3-48 
Ipiatik East Project 3-51 
Primrose Lake Commercial Project 343 
Syncrude Canada Ltd. 3-45 

Alberta Oil Sands Equity Oslo Group 341 
Syncrude Canada Ltd. 3-45 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-47 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 349 

0 LISP Project 3-50 
Taciuk Process Pilot 3-55 
Underground Test Facility Project 3-57 

Amoco Canada Ltd. Elk Point 3-39 
GLISP Project 3-50 
Ipiatik East Project 3-51 
Lindbergh Commercial Project 3-41 
Lindbergh Thermal Project 3-52 
Morgan Combination Thermal Drive Project 3-52 
Primrose Lake Commercial Project 3-43 
Soars Lake Heavy Oil Pilot 3-55 
Underground Test Facility 3.57 

Amoco Production Company Sunnyside Project 3-44 

Bow Valley Industries, Inc. BVI Cold Lake Pilot 3-47 

BP Resources Canada Ltd. Jet Leaching Project 3-51 
Wolf Lake Project 3-45 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 347 
Technology Underground Test Facility 3-57 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-50 
PCEJ Project 3-53 

Canadian Hunter Exploration Burnt Lake Project 3-38 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-45 
Hanging Stone Project 3-50 
Oslo Group 341 
Eyehill In Situ Steam Project 3-50 

CANMET Underground Test Facility 3-57 

C-Il Synfuels Ltd. C-H Synfuels Dredging Project 348 

Chevron Canada Resources Ltd. Underground Test Facility 3-57 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-41 

CS Resources Pelican-Wabasca Project 3-53 
Pelican Lake Project 3-53 

Deminex Canada Ipiatik East Project 3-51 

Devran Petroleum Ltd. Pelican Lake Project 3-53 

Enercor PR Spring Project 3-54
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Company or Organization Project Name 

lisso Resources Canada Ltd. Cold Lake Project 3-38 
Esso Cold Lake Pilot Projects 349 
Oslo Group 3-41 
PCEJ Project 3-53 
Syncnide Canada Ltd. 345 
Flanging Stone Project 3-50 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-54 

ONC Tar Sands Corporation Sunnyside Tar Sands Project 344 

Greenwich Oil Corporation Forest [till Project 340 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-49 
Oslo Group 3-41 
Sandalta 3-55 
Syncrude Canada Ltd. 3.45 

111300 Oil Sands Partnership Syncrude Canada Ltd. 345 

home Oil Company Sandalla 3.55 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3.47 

tlusky Oil, Ltd. Battrum In Situ Wet Combustion Project 347 
Bi-Provincial Project Upgrader Facility 3-37 
Tucker Lake Pilot Project 3-57 
Athabasca In Situ Pilot Project 3-47 
Caribou Lake Pilot Project 348 

Improved Petroleum Recovery Ras Gharib Thermal Pilot 3-54 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-38 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-54 
l'rade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-53 
Hanging Stone Project 3-50 

Kenoco Corporation Kenoco Project 3-52 

Kirkwood Oil and Gas Company Circle Cliffs Project 	 . 3.49 
Tar Sand Triangle 3-56 

LAssociation pour Ia Valorization Donor Refined Bitumen Process 349 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 347 
Celtic Heavy Oil Wet Combustion 3-48 
Cold Lake Steam Stimulation Program 349 
Iron River 3-51 
Sandalta 3-55 
Underground Test Facility 3-57 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-50 
Lindbergh Commercial Thermal Recovery Project 3-41 
Lindbergh Steam Project 3-52 
Tangleflags North 3-56 

NewOrade Energy Inc. NewOrade Heavy Oil Upgrader 3-41 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-53 

Ontario Energy Resources Ltd. Suncor, Inc. 343 

ORS Corporation Electromagnetic Well Stimulation Process 3-39
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Company or Organization Project Name 

PanCanadian Petroleum Elk Point Oil Sands Project 3-40 
Oslo Group 341 
Syncrude Canada Ltd. 3-45 

Patter Lavalin Inc. CANMET Hydrocracking Process 347 

Petro-Canada CANMET Hydrocracking Process 3-47 
Daphne Project 3-38 
GLISP Project 3-50 
Hanging Stone Project 3-50 
Oslo Group 341 
PCEJ Project 3-53 
Syncnide Canada Ltd. 345 
Wolf Lake Project 345 
Underground Test Facility 3-57 

Research Association for RAPAD Bitumen Upgrading Project 3-54 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-55 

Saskatchewan Government NewOrade Heavy Oil Upgrader 341 

Saskoil Battrum In Situ Wet Combustion Project 3-47 

Sceptre Resources Ltd. Tangleflags North 3-56 

Shell Canada Resources, Ltd. Peace River Complex 342 
Scottford Synthetic Crude Refinery 343 
Underground Test Facility 3-57 

SoIv.Ex Corporation Bitumount Project 3-37 
PR Spring Project 3-54 

Suncor, Inc. Burnt Lake Project 3-38 
Fort Kent Thermal Project 3-50 
Suncor 3-43 

Sun Oil Company Suncor, Inc. 3-43 

Syron Energy Corporation Synco Sunnyside Project 3-44 

Texaco Inc. Diatomaceous Earth Project 3-39 

Texaco Canada Resources Ltd. Eychill In Situ Steam Project 3-50 
Underground Test Facility 3-57 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-45 

Uentech Corporation Electromagnetic Well Stimulation Process 3-39 

Underwood McLellan & Associates Taciuk Processor Pilot 3-55 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-47 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 346 

Worldwide Energy Fort Kent Thermal Project 3-50
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PROJECT ACTIVITIES 

DOE DROPS ENERGY INTERNATIONAL'S UCG PROJECT 

The Department of Energy and Energy International, 
Inc. have agreed to terminate work on an under-
ground coal gasification project that was one of 
nine projects selected In 1986 under the Clean Coal 
Technology Program's first round of competition. 

Energy International informed the department on 
December 29, 1989 that It could not proceed with 
the project which has experienced substantial cost 
escalations since Its initial design. Planned to be 
located near Rawlins, Wyoming, the project was to 
gasify 500 to 1,000 tons of coal per day. The 
product gas was to have been piped to the surface 
and used to produce anhydrous ammonia. 

Under the terms of its original agreement with the 
Energy Department, Energy International proposed to 
fund 83 percent, or $58.3 million of the project's 
total estimated $70 million cost. As preliminary 
design proceeded, however, the total cost grew to 
an estimated $113.4 million. 

Following a review of all Clean Coal Technology 
Round One projects last June, the department gave 
Energy international six months to restructure the 
project and obtain necessary financial backing. In 
December, the company notified the Energy Depart-
ment that this effort had not been successful. 

A total of $3.3 million of government funds was 
spent on design and other preliminary activities. 
Remaining funds budgeted for the project may be 
used either to fund cost growth for other Round 
One projects or added to the $1.2 billion In funds 
available for subsequent rounds of competition. 

Another of the original Round One projects, proposed 
by Ohio Ontario Clean Fuels, has been given an ad-
ditional six months to finalize selection of a site 
and financing for its planned coal/oil coprocessing 
plant in Ohio. 

ANOTHER CCT ROUND I GASIFICATION PROJECT 
EXPIRES 

Foster Wheeler Development Corporation has aban-
doned its plans for an integrated gasification com-
bined cycle plant based on the U-Gas coal gasifica-
tion process. The project had been intended as part 
of a cogeneration project at Richmond, Virginia, 
being developed by SJE Cogeneration. The United 
States Department of Energy had approved cofunding 
for the project as an alternate choice under Round I 
of the Clean Coal Technology Program. 

Originally, Foster Wheeler had teamed with Con-
solidation Coal Company to propose a coal

gasification-combined cycle power plant that would 
be located in Morgantown, West Virginia. The plant 
was to be designed to convert 500 tons per day of 
high sulfur coal into electric power using both gas 
and steam turbines.	 Steam from the plant would 
have	 been	 routed	 to several	 buildings	 and
laboratories on the West Virginia University campus. 

In 1989, the United States Department of Energy ap-
proved moving the project to the Richmond site, 
pending the working out of an acceptable deal be-
tween Foster Wheeler and SJE. 

Funds allocated for this project now become avail-
able for the remaining 10 Round I projects, seven of 
which are under way. The money could also be 
used for rounds four and five projects. 

Three Round I projects--by Combustion Engineering, 
Western Energy Company Company and the city of Tallahassee, 
Florida--are still in the contract negotiation phase, 
with final deals to be worked out by a July 31 
deadline. 

SHELL/SCI PROJECT WINS CLEAN COAL ROUND 3 
FUNDING 

SGI International announced that the United States 
Department of Energy (DOE) has selected an 
LFC Process Demonstration Plant for cost sharing un-
der the DOE Clean Coal Technology Program. EN-
COAL Corporation, a wholly-owned subsidiary of Shell 
Mining Company, proposed the project in response to 
DOE's Program Opportunity Notice. SGl International 

Shelland She Mining Company are partners in TEK-KOL 
Partnership, which owns the LFC Process Technology 
and has licensed ENCOAL for the LFC Plant. The 
plant site is at Shell's Buckskin Mine located near 
Gillette, Wyoming. 

The LFC Process Is an advanced mild coal gasifica-
tion technology that coproduces two environmentally 
superior fuel products, a low-sulfur solid fuel and a 
low-sulfur hydrocarbon liquid. 

The project involves the construction and operation 
of a 1,000 tons per day Liquids From Coal (LFC) 
Process Demonstration Plant. Selection by the DOE 
means that ENCOAL can now proceed to negotiate a 
cooperative agreement with the DOE. If negotiations 
with the DOE are successful, the demonstration plant 
could be on stream as early as the first quarter of 
1992. The total cost to complete the proposed 
clean coal plant, including design, construction and 
early operation, is estimated at over $70 million, to 
be shared by ENCOAL and the DOE. 

Large-scale commercialization of the LFC Process 
should have a very favorable impact on sulfur 
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dioxide ( 502) emissions in the United States and 
worldwide, says SGI.

"We're excited about this announcement and optimis-
tic that the project will become a reality," said 
R. McPhail, president of Dakota Gasification Company 
and general manager of Basin Electric. 

#4011 

GREAT PLAINS FINISHES FIRST YEAR UNDER PRIVATE 
OWNERSHIP 

At its annual meeting, Basin Electric Power Coopera-
tive heard a summary of the first year's operation 
of the Great Plains Synfuels Plant under the owner-
ship of Basin's subsidiary, Dakota Gasification Com-
pany (DCC). 

The synfuels plant has become Basin Electric's most 
popular tour site. In 1989 the plant was visited by 
157 tour groups involving 3,955 persons. 

Since the ownership transferred from the United 
States Department of Energy (DOE), the plant has 
averaged about seven percent above the 138 million 
cubic feet average daily rate that was the basis of 
economic evaluations during the bidding process. 
DCC vice-president K. Janssen also said production 
costs have been 12 percent below projections. 

Economic pressure has arrived sooner than expected 
as a result of a Federal Energy Regulatory Commis-
sion policy that was intended to encourage a more 
competitive marketplace for gas, Janssen said. Re-
quired renegotiation of contracts set the selling 
price of synthetic natural gas at an average of 
$2.70 per dekatherm for the first three months after 
the pricing formula changed. 

"Pricing	 has been	 at a	 level that	 is	 approximately 
equal	 to	 our cost	 to produce the	 syngas,"	 Janssen 
said.	 "However, DCC continued to receive the con-
tract	 price of	 $3.14 per dekatherm	 through 
December 31, 1989.

The Asset Purchase Agreement gives the government 
any profit earned during the first year, but requires 
that it be first used to offset any revenue shortfall 
below the contract cost of production, he said. 

Janssen also discussed progress made in addressing 
environmental concerns at the plant and on 
byproduct development. 

The Department of Energy in late December an-
nounced an agreement to fund up to $92.7 million 
for a proposed project to produce methanol from 
coal at the synfuels plant. 

The methanol project was one of 13 chosen nation-
wide from 48 competing proposals in the third round 
of funding under the federal government's Clean Coal 
Technology Program.

However, he cautioned that negotiations must be 
completed and the project scrutinized before it is 
built. 

The demonstration project proposal was submitted 
jointly by DGC and Air Products and Chemicals Inc. 

Before construction can begin, final contracts must 
be drawn up involving the DOE, DGC and Air 
Products, a process that could take until the fall of 
1990. 

If negotiations are successful, 	 construction could 
begin in 1991.	 If it Is built, the project is to
operate as a demonstration unit from 1993 through 
1996. 

The $214 million project is to produce methanol from 
lignite for boiler fuel and a variety of other uses. 
About 10 percent of the raw synthesis gas produced 
at Great Plains would be converted to make about 
500 tons of methanol daily. Raw synthesis gas is 
the product before it goes through methanation to 
become pipeline-quality synthetic natural gas. 

In the proposed project, the raw synthesis gas would 
be bubbled through an inert liquid. A catalyst 
mixed in the liquid converts the gas to methanol. 

Producing methanol from coal may offer benefits as 
a way of storing energy during off-peak hours at 
integrated gasification combined cycle power plants. 
On a commercial scale, the methanol process Is ex-
pected to provide lower emissions of sulfur dioxides 
and nitrogen oxides and reduce the use of imported 
liquid fuels. 

The demonstration project represents a scaled-up 
version of Air Products' successful 10-ton-per-day 
research unit at LaPorte, Texas. 

If constructed, the demonstration project would 
enhance the underlying reason for developing Great 
Plains, according to McPhail. 

"This project would further the mission for which 
the Great Plains Synfuels Plant was originally 
built--the development of new technologies for con-
vetting abundant coal resources into fuels that can 
reduce this nation's reliance on foreign oil imports," 
he said.

#000 
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CORPORATIONS 

PM CORPORATION STUDYING FLASH PYROLYSIS IN 
VIBRATING BED 

PAl Corporation of Oak Ridge, Tennessee won a 
$50,000 small busihess innovation research grant from 
the United States Department of Energy in 1988. 
They are developing a process to produce liquid 
fuels from coal via flash pyrolysis in a vibrating 
fluidized bed. Capital cost per unit of coal 
throughput is expected to be low. 

Component tests are under way now, with a com-
plete test system to be assembled by summer. 

Use of the vibrating fluidized bed Is expected to 
reduce coking problems during pyrolysis. 

Corrosion on the nozzles is a big problem with 
fluidized bed combustion boilers because of fluctua-
tions in the volatile content and combustibility of 
the coal stream. The new process removes volatiles 
by pyrolysis with process heat before the coal is in-
jected into the combustion area. 

COASTAL SUBSIDIARY SET TD MANAGE COAL 
GASIFICATION PLANTS 

The Coastal Corporation has formed a new subsidiary, 
Coastal Technology, Inc. (CTI). Coastal Technology 
will operate power projects being developed by an 
affiliate, Coastal Power Production Company, and 
provide operating and maintenance (O&M) services for 
cogeneration facilities, independent power plants and 
coal conversion process plants owned by others. 

"Most of the members of Cli's management team 
were formerly associated with the $2.1 billion Great 
Plains Coal Gasification plant, the nation's first 
commercial-sized synthetic fuels plant, which was 
completed on schedule and under budget," said 
J.L. Van Lanea, senior vice president of the Coastal 
Corporation and president of Coastal Technology, Inc. 

"They have proven experience in the engineering, 
commissioning and operation of new concept energy 
processing, whether it is coal gasification, cogenera-
tion or other types of independent power production. 
They also have experience in the operation and 
maintenance of conventional refineries, other 
petrochemical complexes and the food processing in-
dustry. 

"This experience," continued Van Lanen, "makes Cli 
an attractive resource for those who need help in 
operating and managing cogeneration and independent 
power facilities or various types of processing plants 
that have added electric power generation 
capabilities."

As a Coastal unit, CTI can tap the technical exper-
tise of its parent's other subsidiaries for things such 
as turbo machinery skills, maintenance support and 
certain administrative and purchasing activities and, 
thereby, improve efficiency and reduce overhead 
costs at individual plant sites. 

Headquartered in Fairfax, Virginia, Coastal Technology 
is presently operating a 56-megawatt, combined-cycle 
cogeneration plant for Capitol District Energy As- 
sociates in Hartford, Connecticut. It will also be 
providing operating and maintenance services for the 
225-megawatt, combined-cycle Eagle Point cogenera-
tion facility now under construction in Westville, 
New Jersey, and a 48-megawatt, combined-cycle 
cogeneration facility In Fulton, New York, which is 
scheduled to begin construction later this year. 

#49 If 

NEW GROUP FORMED TO MARKET K-FUil. 

Don Smith, President of Smith Cogeneration in Ok-
lahoma City, Oklahoma has announced formation of a 
new company, called Smith Powerfuels, which has es-
tablished a partnership with K-Fuel Partnership of 
Denver, Colorado; and Gillette, Wyoming, and Energy 
America of San Diego, California to build K-Fuel 
plants in North America. In addition, Smith Power-
fuels will be working with K-Fuel Partnership to 
develop the international K-Fuel business. 

"The K-Fuel process removes ash, sulfur and moisture 
from low-BTU Powder River Basin Coal in Montana 
and Wyoming. The resulting clean K-Fuel can be 
burned in almost all utility power plants and will 
especially assist those 107 targeted dirty power 
plants identified in the Administration's clean air bill 
In the most cost-effective manner," Smith explained. 

Compared to the cost of installing scrubbers to stop 
acid rain, burning K-Fuel can save a utility as much 
as $200 million per plant. 

The technology was developed at the Stanford 
Research institute (SRI) by E. Koppelman. The 
process has been demonstrated successfully in the 
Gillette, Wyoming pilot plant. 

Construction Is set to begin in 1990 to complete the 
first commercially sized plant,	 also in Gillette, 
Wyoming. This plant will sell all of Its output of 
62,400 tons per year to Wisconsin Power and Light 
for use in its cyclone boilers. 

The K-Fuel process uses heat and pressure to remove 
and restructure, both chemically and physically, low 
rank fuels and other organic materials into a high 
quality solid fuel. 
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and development effort could bring this idea to the 
marketplace in a short time period. 

Work on the project is already under way and test-
ing will last approximately nine months. 

"This latest investment, which serves electric utilities 
with clean fuel, balances our cogeneration invest-
ments, which compete with the electric utilities by 
providing low-cost electricity. At the same time, 
this investment furthers my commitment to a cleaner 
environment," Smith said. 

"With this new clean-coal technology the problems of 
acid rain and global warming caused by burning fos-
sil fuels can be greatly reduced by many utility and 
Industrial coal users simply by switching to a high- 
quality, environmentally clean fuel instead of using 
expensive pollution control devices," he added. 

NEW coa SLURRY TRANSPORT SYSTEM TO BE TESTED 

The Canadian federal government, the Alberta 
provincial government and Unocal Canada Limited 
have announced a jointly-funded project to test the 
feasibility of transporting a mixture of coal and 
petroleum condensate through pipelines. 

The cost of the $1 million project is being shared 
by the three participants, with the federal govern-
ment contributing $283,825, the Alberta Government 
$333,467, and Unocal $383,108. 

The test project Involves the production of a coal 
slurry made with gas condensate at the Alberta 
Research Council facility in Nisku; conducting 
transportation tests at the Saskatchewan Research 
Council experimental pipe loop In Saskatoon; separa-
tion of the coal from the mixture at Nisku; and 
determining if the properties of the two products 
were altered in the process. 

The slurry is produced by grinding lump coal to a 
particulate size suitable for conventional pulverized 
coal combustion and mixing it with natural gas li-
quids. This creates a coal-condensate mixture that 
can be transported in large quantities to its des-
tination through existing pipeline systems. 

"With the advent of Unocal's new process, more ef-
ficient and effective use of the West's natural 
resources can be made," said a government represen-
tative. He added that Instead of using gas to gen-
erate steam in the extraction of heavy oil, coal 
could be utilized, thereby reducing costs. Gas, in 
turn, could then be marketed to the United States. 

Some of the problems associated with coal transport 
and storage will be eliminated with the new tech- 
niques. Because the coal Is piped underground and 
will be stored In its condensate mixture form in 
enclosed silos or tanks, the concerns over coal dust 
and other environmental effects of coal use can be 
mitigated to a substantial degree. 

Unocal believes they have a way to economically 
transport coal within Alberta using existing pipelines 
and off-the-shelf technology. 	 A focused research

FULL-SCALE 16CC PLANT BASED ON TEXACO GASIFIER 
PLANNED IN MASSAChUSEtTS 

Texaco announced in February that its subsidiary, 
Texaco Syngas Inc., along with Commonwealth Energy, 
and General Electric Company (GE) have begun plan-
ning the joint development of an electrical genera-
ting facility In Freetown, Massachusetts. The 
facility would be known as the Freetown Energy 
Park (see Figure 1).

FIGURE 1

PROJECT LOCATION 

FREETOWN 
,ENERGY 

PARK 

The energy park, which would be located on land 
owned by a subsidiary of Commonwealth Energy, 
would generate 440 megawatts of electric power. 
The electricity would be sold to electrical utilities 
in New England. Long-term pricing for the power is 
expected to be competitive with other power alter.-
natives in the region. 

The facility would Incorporate the Texaco Coal 
Gasification Process, which converts coal to fuel gas. 
This fuel gas would be used In state-of-the-art GE 
combined-cycle turbine generators to produce 
electricity. 

"Details of the project design are still preliminary," 
said H.R. Homer, President of Texaco Syngas Inc. 
"Our goals In this project are two-fold: to construct 
the cleanest coal-based power plant In the world, 
and to produce power at competitive rates." 
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Texaco Syngas Inc., a wholly owned subsidiary of 
Texaco Inc., is responsible for worldwide commer-
cialization of its proprietary coal gasification tech-
nology. Commonwealth Energy Is the parent company 
of Commonwealth Gas, Commonwealth Electric Com-
pany, and other subsidiary companies. General 
Electric Company is the world's leading manufacturer 
and supplier of power generation systems. 

The 600 acre site,	 located	 on	 the Taunton River,	 is 
intended	 to be	 developed	 as	 a multi-use "energy 
park"	 and	 may	 Include	 industrial and	 recreational 
development to	 complement	 the	 generating facility. 
The initial	 400	 megawatt phase	 is targeted for	 late 
1994	 startup, with	 two	 additional phases	 to	 follow 
as needed.

The plant will be an integrated gasification combined 
cycle design (10CC). The gas turbines will be 
General Electric's advanced, high efficiency design, 
and the gasification plant will be provided by 
Texaco Syngas. 

In addition to being environmentally more acceptable 
and economically more attractive than most genera-
ting plants currently In operation, the plant will 
provide a secure and stable source of electricity for 
the New England region. The plant is expected by 
Its sponsors to become the design of choice for 
plants of this size in the foreseeable future. 

The companies say the decision to develop an 10CC 
plant at Freetown is based upon many considerations, 
one of the most Important of which is the overall 
environmental impact. All types of generation were 
considered and after careful review of the available 
data, It was determined that 10CC is one of the 
most environmentally acceptable coal plants available. 
The anticipated emissions levels for SO X, NO , and 
particulates from the IGCC plant are significantly 
less than conventional coal plants and below 
state/federal emissions standards. These projections 
are based on data which were developed from the 
100 megawatt Cool Water demonstration plant in 
California. No other commercially available coal 
based technology Is capable of matching these emis-
sions data. 

Due to the thermodynamics of combined cycle power 
generation, only one-third of the power generated Is 
by condensing steam turbine, and therefore, the cool-
ing water requirements of the plant will be sig-
nificantly less than required by conventional plants. 
Additional water conservation Is achieved by the use 
of waste water in the preparation of the coal 
slurry.

EPRI TO STUDY OPPORTUNITIES FOR COAL 
GASIFICATION COPRODUCTION 

The Generation and Storage Division of the Electric 
Power Research Institute (EPRI) has issued a Request 
for Proposals (RFP) to study the future market 
potential for coal gasification-based power coproduc-
tion refineries. 

Gasification-based power plants may offer utilities a 
number of new business opportunities. Integrated 
complexes can produce electricity, heating and cool-
ing, fuels, chemicals and other marketable com-
modities. Such potential coproducts include synthesis 
gas, synthetic natural gas (SNG), hydrogen, ammonia, 
carbon dioxide,	 chemicals,	 methanol and other 
oxygenated fuels, gasoline and fuel oil. Coproduc-
tion of steam or hot water for district heating or 
cooling, or for process uses, can also be ac-
complished. 

The emphasis in the RFP will be the examination of 
the various product market opportunities and logis-
tics, refinery configurations and operating modes, the 
design and costing of the refinery facilities, and the 
production costing of the generated power. EPRI 
has already conducted many engineering economic 
studies on gasification-combined-cycle plants and In-
tends to use the results as a basis for these market 
studies. Multiple awards are planned to reflect 
regional diversity, existing industrial corridors growth 
potential, and proximity to potentially synergistic 
activities. 

The studies should be based primarily on coal, but 
addition of other low cost feedstocks such as 
petroleum coke; oil field, refiner, and chemical 
wastes, sewage sludge solids; and municipal solid 
waste (MSW) can be considered. 

EPRI will issue the RFP to interested Rp m member 
utilities. It Is envisaged that the utilities would or-
ganize teams including energy, chemical, and in-
dustrial companies, process licensors, engineering 
companies, - manufacturers, and market research or-
ganizations. 
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GOVERNMENT 

MEETINGS HELD TO PREPARE FOR NEXT ROUND OF 
CLEAN COAL COMPETITION 

The Department of Energy offered 'industry and the 
general public an opportunity to offer suggestions 
for its next round of project competition in the 
Clean Coal Technology Program at two public meet-
ings to be held in San Francisco and Boston. 

The San Francisco meeting was scheduled for 
February 13, 1990, and the Boston meeting scheduled 
for March 1. 

Announcement of the Boston meeting followed the 
recent resolution by New England Governors to en-
courage the development of new technologies "which 
will allow coal-fired and other generating plants to 
further reduce emissions.' The governors, meeting in 
Portland, Maine, on December 13, called attention to 
the vulnerability of the New England region to "the 
existing and potential effects of air pollution includ-
ing acid deposition and global climate change." 

The Clean Coal Technology Program was designed to 
reduce acid rain-causing pollutants from coal use. 
Many of the new power generating technologies also 
generate electricity more efficiently than today's 
coal-burning plants and, therefore, release fewer of 
the emissions that have been linked to concerns 
about global warming. 

"We have purposefully scheduled the next Clean Coal 
public meetings for regions that are not often as-
sociated with coal," said M.R. McElwrath, the Energy 
Department's assistant secretary for fossil energy. 

"Not only will these meetings allow us to hear from 
potential proposers, but they give us an opportunity 
to convey information about new coal innovations to 
people who may not deal with coal directly. Many 
of these people may not be familiar with recent ad-
vances in technology that can burn coal much 
cleaner and at lower costs than in the past," 
McElwrath said. 

The fourth round of competition will begin on 
June 1, 1990, when the Energy Department issues a 
call for proposals. The government plants to offer 
nearly $600 million with winning companies required 
to at least match the federal funding share. 

To prepare the forthcoming solicitation, the Energy 
Department says it is especially Interested in hearing 
public comments on possible provisions dealing with 
foreign technology and international participation in 
clean , coal demonstration projects. The department 
also wants to hear public opinion on the possibility 
of giving greater attention to projects that reduce 
the release of gases suspected of contributing to 
global warming.

THIRTEEN WINNERS ANNOUNCED IN CLEAN COAL 
ROUND 3 

The United States Department of Energy on 
December 21 selected 13 "clean coal technology" 
projects, valued at more than $1.3 billion in the 
third round of competition in the Clean Coal Tech-
nology Program. 

The 13 projects picked by the department will join 
27 other active clean coal ventures selected in two 
earlier competitions, conducted in 1986 and 1988. 
Ten states, six east of the Mississippi River and four 
In the West (including Alaska), will host the new 
projects. In all, the Clean Coal Technology Program 
now has projects underway or planned in 19 states. 

The new projects, if final terms can be reached be-
tween the private sponsors and the government, will 
be financed with $530 million in federal funds. An 
additional $777 million will come from the proposers 
and, in some cases, from state governments. 

The projects will demonstrate a variety of new ways 
to improve the environmental cleanliness of coal. 
Some techniques will clean the exhaust gases of 
coal-burning power plants more efficiently or at 
lower costs than today's scrubbers. Others are 
designed to remove pollutants during the combustion 
process itself.	 Three of the new projects involve 
some form of coal conversion. 

In addition to providing a future source of new 
electricity without requiring new plants to be built, 
these high efficiency processes emit less carbon 
dioxide to the atmosphere for a given amount of 
power. 

Carbon dioxide in one of the gases that has raised 
concerns about the potential for global warming. 

A programmatic environmental impact statement, 
prepared as a prerequisite to the selection and final-
ized earlier in December, indicated that clean coal 
technologies nationwide have the potential to reduce 
sulfur dioxide emissions from existing plants by be-
tween 29 and 48 percent by the year 2010, depend-
ing upon the technology chosen in industry. 

The 13 projects were picked from 48 proposals sub-
mitted to the Energy Department In August. 

Negotiations will now begin with each selected 
proposer. Earlier in December Admiral Watkins 
implemented a streamlined administrative review 
process for the contract talks. Negotiations will be 
conducted by The Department of Energy's Pittsburgh 
and Morgantown Energy Technology Centers. 

Watkins directed that negotiations with all projects 
chosen today be wrapped up by December of 
1990--a timetable roughly half as long as the 
program's previous negotiation and approval process. 
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project is planned for the Burns Harbor Steel Plant, 
Burns Harbor, Indiana. 

The Energy Department will open the fourth round of 
competition in the Clean Coal Technology Program in 
June. 

The filth and final round Is now slated for 1991. 

The 13 projects selected are described briefly below. 

AirPol Inc. - AirPol will join with its parent com-
pany, FLS MiIjo of Copenhagen, Denmark, the Ten-
nessee Valley Authority and other future sponsors to 
demonstrate "gas suspension absorption," an advanced 
technique for removing sulfur pollutants from the 
flue gas of coal combustion. The project would 
take place at the Shawnee Fossil Plant in Paducah, 
Kentucky. 

Air Products and Chemicals, Inc. and Dakota 
Gasification Company - The two firms will install an 
advanced process for making methanol at the nation's 
largest commercial coal-to-gas complex, the Great 
Plains Coal Gasification Plant In Beulah, North 
Dakota. The process, termed "liquid phase methanol 
synthesis," will use a portion of the gas produced by 
the Great Plains facility to produce 500 tons per 
day of methanol. 

Alaska Industrial Development A Export Authority - 
The proposed demonstration project, the Healy 
Cogeneration Project, would involve a new coal-fired 
facility, to be built near Healy, Alaska, that would 
produce both electric power and process heat. The 
facility will incorporate a slagging coal combustor 
developed by TRW inc. and a heat recovery system 
that captures excess heat for possible use in an ad-
jacent coal drying pilot facility. 

The Babcock a Wilcox Company - Babcock & Wilcox 
will team with Dayton Power & Light Company, the 
Electric Power Research Institute, the Ohio Coal 
Development Office and five other utilities to 
demonstrate at full scale a newly developed "low 
NO x cell burner." The burner is designed to cut the 
release of nitrogen oxide pollutants by 50 percent to 
60 percent from a boiler type commonly built in the 
1960s. The project will take place at Dayton Power 
and Light's Stuart Station in Aberdeen, Ohio. 

Hedge! Corporation - Bechtel will join with Pennsyl-
vania Electric Company of Johnstown, Pennsylvania, 
to demonstrate the "confined zone dispersion" process 
for removing both sulfur and nitrogen pollutants from 
the flue gases exiting a coal-fired boiler. The 
technique injects a sulfur-absorbing lime slurry into 
a duct carrying the flue gases from the boiler to an 
electrostatic precipitator. The project will take 
place at the Seward Station near the borough of 
Seward, Pennsylvania. 

Bethlehem Steel Corporation - Bethlehem Steel will 
demonstrate an advanced process for using coal 
directly in a steel mill blast furnace, rather than 
the current method of first convening the coal to 
coke. By eliminating the coke oven, the new 
process could significantly reduce sulfur dioxide, 
nitrogen oxide and other noxious emissions. 	 The

CRSS Capital, Inc. - CR55 Capital, in a joint ven-
ture with TECO Power Services Corporation, Tampa, 
Florida, will design, build and operate an Integrated 
gasification combined cycle power plant at the site 
of an existing utility plant in Tallahassee, Florida. 
The project will integrate a Lurgi Mark IV gasifier 
with a GE developmental hot gas clean up system 
and a GE gas turbine. 

Dalnjland Power Cooperative - Dairyland Power will 
construct a pressurized circulating fluidized bed coal 
combustor combined cycle system to repower two 
older generators at the Alma Steam Power Genera-
ting Station in Alma, Wisconsin. The project will 
use a fluidized bed combustor supplied by the 
Pyropower Corporation, of San Diego, California, to 
generate 40 megawatts of electricity. 

ENCOAL Corporation - ENCOAL will be joined by 
the M.W. Kellogg Company of Houston, SGI Interna-
tional and TEK-KOL, both of La Jolla, California, and 
Shell Mining Company of Houston, Texas, in 
demonstrating a mild gasification process at the 
Triton Coal Company's Buckskin Mine in Campbell 
County, Wyoming. 

Energy and Environmental Rceardi Corporation - EER 
will combine "gas reburning" and low-NO r burners In 
• demonstration project to reduce nitrogen oxides at 
• wall-fired utility boiler at Public Service Company 
of Colorado's Cherokee Power Station near Denver. 
Combining the gas reburning technique with 
commercially-available low-NO burners could reduce 
NOx emissions by as much as Y75 percent. 

LilAC-North America - LIFAC-North America is a 
joint venture of 1CF Kaiser Engineers and Tarnpella 
Ltd of Finland. Its demonstration project will test a 
technique for removing sulfur pollutants in coal flue 
gases by injecting limestone into the upper regions 
of a boiler's furnace. A humidification chamber In-
stalled between the air preheater and the electros-
tatic precipitator will adjust the flue gas moisture 
to obtain optimum levels of sulfur capture. The 
technique will be tested at Richmond Power and 
Light's Whitewater Valley Plant, In Richmond, Indiana. 

ME-Ferguson Company - MK-Ferguson, teaming with 
the NOXSO Corporation, and W.R. Grace & Company, 
will scale up the NOXSO process that employs a 
porous, regenerable sorbent that captures both SO2 
and NO  from coal combustion flue gases. The 
project will take place at Ohio Edison Company's 
Niles Station in Niles, Ohio. 

Public Service Company of Colorado - The utility 
will team with several private engineering and 
research firms to demonstrate a combination of 
lowNOx burners (applied for the first time in the 
United States to a ctwn-fired pulverized coal 
burner), urea injection and sulfur-absorbing duct In-
jection at the Arapahoe Steam Electric Generating 
Station in Denver, Colorado. 
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DOE SOLICITS NEW DIRECTIONS IN LIQUEFACTION R&D 

The United States Department of Energy (DOE) is 
calling on Industries and academic and research in-
stitutions to develop a new approach for converting 
coal into liquid fuels at costs that can be competi-
tive with imported oil. 

The new approach would build on recent research 
results that have significantly reduced the cost of 
producing synthetic liquid fuels from coal. 

Based on the potential of a number of innovations, 
the department Is looking for new approaches that 
can substantially reduce the cost of liquids from 
coal, essentially capping the price of imported oil at 
about $25 a barrel. 

If successful, such a new process will define the 
next generation of coal liquefaction technology and 
represent a dramatic improvement over the current 
state-of-the-art integrated two-stage processes. 

Major Improvements Since 1970s 

Tests of this two-stage scheme at the department's 
pilot plant facility In Wilsonville, Alabama, have 
produced substantial improvements in coal liquefac-
tion technologies compared to pilot plants that 
operated in the 1970s. 

Liquid yields have Increased by over 30 percent, so 
that 3.3 barrels of liquids can be produced from a 
ton of coal compared to 2.5 barrels from the earlier 
processes. Because of improved product quality, the 
fuel Is about $5 a barrel more valuable than raw 
crude oil. The two stage reaction system also al-
lows for less severe operating conditions, reducing 
construction, operation and maintenance costs. 

The Energy Department estimates that the current 
two stage technology can produce liquid fuels in the 
range of $38 a barrel--compared to $52 a decade 
ago. Because of the improved quality, these 
Products could compete with crude oil priced at 
about $33 a barrel. 

Additional refinements to the basic two-stage 
process, such as doubling the catalyst life, improving 
catalyst selectivity, and using low ash coals, could 
further reduce costs, but these improvements are 
limited.	 For this new effort, DOE envisions a sub- 
stantially	 modified process scheme that 	 can
"leapfrog" these incremental improvements. 

According to DOE, several potential process improve-
ments have emerged from basic research efforts and 
design studies that can be integrated into such a 
process. 

Among the potential new process steps are: 

- Physical, chemical and/or biological pretreat-
ment of coal, including agglomeration with 
coal-derived recycle oil, that can result in 
an improved product yield or milder reaction 
conditions;

- Upgraded slurry solvents, including hydrogena-
tion of vacuum bottoms and hydropyrolysis of 
coal to produce additional Liquids and 
lower-cost hydrogen; 

- New reactor-configurations, including varia-
tions in staging, as well as fixed bed reac-
tors and slurry phase reactors with dispersed 
catalyst; and 

- Alternate bottoms processing, such as coking, 
propane deasphalting, and centrifugation. 

The department Is looking for a process that in-
tegrates one or more of these or other promising 
concepts In a system that will achieve the greatest 
over-all reduction in costs. 

The program will be run in two separate phases. 

The first phase will be devoted to approximately two 
years of laboratory-scale testing leading to a 
preliminary cost estimate and process evaluation. 

Based on these data, the Energy Department will 
select one or more of the processes for continuous 
testing at a bench scale facility. 

While multiple awards are expected for the initial 
research phase, the decision to continue with bench 
scale testing will be competitive and based on the 
laboratory scale results. 

Contractors chosen for the second phase will also be 
required to produce a conceptual plant design for a 
base case situation, including a complete material 
balance and sizing of major equipment items for an 
80,000 barrel a thy plant. 

The final task will involve an operations plan for 
possible scale-up testing at the PETC Generic Unit 
and one for those who choose to use other 
facilities. 

ENERGY DEPARTMENT RECEIVES PROPOSALS FOR 11TH 
YEAR OF COAl. GRANT PROGRAM 

A	 student-teacher grant program run by	 the United 
States	 Department of	 Energy Is	 entering its	 11th 
year,	 with	 nearly $5.5	 million being made available 
for	 experimental	 coal	 research projects	 at colleges 
and universities.

The Energy Department asked academic Institutions to 
submit research proposals by January 23, 1990. The 
federal funding will be sufficient to award about 
30 new grants for fundamental coal studies. Winning 
projects will be announced in May. 

During the 1980s, the Energy Department's "university 
coal research program" provided 284 grants, totaling 
nearly $50 million, to 117 colleges and universities 
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throughout the country. Through these grants, more 
than 300 graduate students have received financial 
support toward M.S. or Ph.D degrees in science or 
engineering. 

The program has received increased emphasis recently 
in light of Secretary of Energy J.D. Watkins' em-
phasis on improving scientific literacy in the nation's 
educational system. - In a November 9 speech to the 
National Coal Council, Watkins emphasized the impor-
tance of educational programs to the future of the 
United States energy industry. 

"The coal industry has a major interest in restoring 
a culture of scientific and technological excellence

in America," Watkins told the coal advisory panel. 
"Our aim Is to set a more visible and creative ex-
ample for other federal agencies and for private 
industry." 

Grants range from one to five years with maximum 
federal funding of $200,000 each. Research projects 
emphasize fundamental coal studies In such areas as 
basic coal science, the surface properties of coal 
and mineral matter, reaction chemistry, novel 
processes for extracting energy from coal, engineer-
ing fundamentals and thermodynamics, environmental 
science, and high temperature phenomena. 
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ENERGY POLICY AND FORECASTS 

U.S. COAL PRODUCTION AND CONSUMPTION WILL HIT 
1 BILLION TONS IN 1990, SAYS NCA 

The United States coal industry will experience its 
fourth consecutive - record year in 1990, with produc-
tion and consumption expected to reach one billion 
tons, according to the National Coal Association. 
Production by year-end Is expected to jump to 
997 million tons, a 22-million-ton increase over 
1989 levels, plus three million tons from imports, to 
reach a one-billion-ton supply of bituminous, sub 
bituminous, lignite and anthracite coals. 

This year's forecast follows 1989's record production 
of 975 million tons, 25 million more than 1988's 
950 million tons. Record consumption levels were 
also recorded in 1989 of 987 million tons, nine mil-
lion above year earlier levels. 

In 1990, it is estimated that 601 million tons will 
be produced In the East and 396 million in the 
West. Consumer stocks are expected to rise by 
eight million tons as measured on a December to 
December basis, with the majority of the growth In 
the East.	 This modest stock building results from
two years of stock draw-downs and some concern 
following the work stoppages in 1989. 	 Producer
stocks are expected to remain unchanged. 

Coal imports will increase to three million tons. In 
1989, imports are estimated at nearly 2.5 million 
tons. 

Electric Utilities 

In 1990, electric generation is forecast to Increase 
by 1.6 percent. This Is slightly below the forecast 
1.7 percent growth in GNP. 

Coal's share will drop slightly to 55.9 percent be-
cause of the continued comeback of hydro genera-
tion and growth in nuclear generation. Nuclear 
share is expected to bounce back to at least Its 
1988 level of 19.5 percent. Coal will be able to 
gain some share as oil's relatively high share In 
early 1989 is not expected to re-occur. Oil's strong 
performance was the result of very low end-of-1988 
prices and the unavailability of nuclear power in the 
east. 

Coal consumption for electricity will increase by 
nine million tons to 772 million tons, a 1.2 percent 
increase over 1989. 

Reflecting a slower rate of increase In real GNP and 
In manufacturing activity, industrial demand for 
electricity was up only three percent in 1989. 
Residential use was up only 2.2 percent because of 
more normal weather patterns; cooling degree days 
were slightly below normal and 8.3 percent below 
1988. These factors combine to result In just a two 
percent increase in electricity demand in 1989 versus 
1988. Coal's share in 1989 was 56.2 percent.

Metallurgical Coal 

Historically, growth In GNP of less than three per-
cent leads to n decline in steel production. 1990's 
relatively low GNP growth rate of 1.7 percent and 
slower rates of growth in capital investment will 
result In 1990 steel production of 90 million tons. 
Coke stocks should be nearly rebuilt, so metallurgical 
coal consumption will fall to 38 million tons. 

The strong demand for steel and steel products In 
the United States (together with import restrictions) 
during 1988 caused domestic raw steel production, at 
99.9 million tons, and pig iron production, at 
55.7 million tons, to be at levels not attained since 
1981.	 Lower demand for steel in 1989 caused 
domestic steel production to drop slightly. 

Coke capacity was at its limit in 1989 for the 
second year in a row, and coke production has 
remained strong as coke stocks, very low at the end 
of 1988, are showing signs of being rebuilt. As a 
result, the use of met coal remains close to 1988 
levels.	 1989 met coal consumption was 41 million
tons. 

Industrial/Retail 

In 1990, industrial/retail coal consumption will remain 
at 84 million tons despite the slower growth in the 
economy. increases in coal burned for generation 
and Increased coal burned by the cement industry 
will offset any declines that occur from slower in-
dustrial production. Demand in the cement industry 
should be strong because of rebuilding necessary 
alter the earthquake in San Francisco and the hur-
ricane in South Carolina. 

Exports 

Exports in 1990 should be very close to the 1989 
level. A one-million-ton decline Is forecast and this 
is in metallurgical coal exports to Canada. The 
Canadian steel industry has been taking its maximum 
of seven million tons. Weaker steel demand will 
drop United States exports to six million tons. 
United States steam exports to Canada are expected 
to hold at 11 million tons. 

The European economy Is expected to be stronger 
than the United States economy because of the 
opening of Eastern Europe and relaxed trade barriers 
in Western Europe. The demand for steel worldwide 
is expected to be flat or declining, and as a result 
the met market will weaken slightly. However, 
Polish production should decline and Australia Is not 
expected to totally solve its supply problems so that 
United States overseas met exports will be able to 
maintain their level of 58 million tons. 

Overseas steam exports will also maintain their 1989 
level and remain at 23 million tons. West Coast 
exports should Increase by one million tons as the 
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most dynamic economic growth, as well as the 
largest increases in coal-fired capacity, is in the 
Pacific Rim. There are counteracting factors at 
work in the European market. Lower indigenous coal 
use is a possibility in Belgium and France. However, 
the coal demand in France should be lower because 
nuclear problems in 1989, which are not expected to 
reoccur, increased United States exports to France 
by an estimated two million tons. 

AGA FORECASTS ADEQUATE GAS SUPPLIES WITHOUT 
COAL GASIFICATION 

The American Gas Association (AGA) considered three 
price	 scenarios	 in	 preparing its	 Gas	 Energy	 Supply 
Outlook 1989-2010. 

The	 major	 conclusions	 of	 this updated study regard-
ing	 gas supply	 available	 at different	 prices	 In	 the 
year 2010 are: 

-	 Overall,	 sufficient	 gas energy	 supplies	 are 
likely	 to	 be	 available	 to	 continue	 to	 supply 
at	 least	 20-25	 percent of	 the	 nation's	 total 
need for energy.

- Although projected volumes of gas supply In 
2010 vary with assumptions about future 
technical and energy price conditions, it is 
estimated that between 18.4 and 24.2 trillion 
cubic feet (Tcf) per year of conventional and 
supplemental gas supplies should be available. 

The availability of sufficient supplies to meet 
annual gas requirements does not guarantee 
deliverability to all customers in all regions 
during peak periods. It Is possible, even 
likely, that at some time "best efforts" cus-
tomers will experience interruptions during 
peak requirements due mostly to Infrastruc-
tural limitations in the gas industry such as 
pipeline capacity in certain regions and fluc-
tuating customer-pipeline system requirements. 

In general, AGA says the outlook is favorable for 
gas supply during the next 20 years. The transpor-
tation system for gas is flexible and capable of 
delivering amounts of energy above those now 
delivered throughout the nation; has over one million 
miles of underground pipeline in place; and includes 
a large (a demonstrated 3.2 Tcf of annual working 
gas) seasonal gas storage capability. Even under the 
most unusual weather conditions, most gas distribu- 
tion and transmission companies should be able to 
handle transitory Increases In gas demand. 

Price Scerios 

AGA developed its estimates for three different pric-
ing scenarios.

The Low Price Scenario assumes relatively flat oil 
prices in 1988 real dollars to the year 1995 at 
which time the oil price would be $18 per barrel. 
Beyond 1995, there is a steady four percent annual 
rise in oil prices, reaching $33 per barrel (1988 dol-
lars) in 2010. The gas price associated with the 
$33 per barrel oil price in 2010 is $4.84 per 
million BTU (MMBTU), almost three times the average 
wellhead price in 1988. This scenario assumes that 
cooperation among OPEC cartel members is ineffec-
tual, so that oil production levels relative to demand 
result In continued surplus supplies--a continuation 
of the situation which prevailed over the past few 
years. Competition between natural gas and residual 
fuel oil continues to influence gas prices. This 
results in little additional incentive to develop new 
gas resources over the period and thus results in 
the lowest gas supply estimate. 

The Middle Price Scenario assumes a more rapid 
growth rate in oil and gas prices in real terms. 
This growth results in oil and gas prices respec-
tively, of $27 per barrel and $3.63 per million BTU 
in 2000, and of $40 per barrel and $5.52 per million 
BTU In 2010. In this scenario world oil prices rise 
as increased oil demand reduces the world surplus of 
oil. Oil supply and demand levels are such that 
prices Increase at an average real rate of 
4.7 percent per year. The increasing energy prices 
provide additional Incentive for the development of 
new gas supply sources. Thus, this scenario results 
in a higher gas supply response than the Low Price 
Scenario. 

The High Price Scenario results in the highest oil 
and gas price levels and thus increases the economic 
incentive to develop a fun array of gas supply 
sources. Under this scenario, the OPEC cartel is 
able to achieve a rapid escalation in oil prices. 
Thus, oil and gas prices rise to levels not unlike 
those anticipated by many studies in the early 
1980s. By the year 2000, oil prices will have 
reached $38 per barrel, with gas prices at $4.59 per 
million BTU. By 2010, oil prices increase to $62 per 
barrel and gas prices reach $7.48 per million BTU (in 
1988 dollars). These prices result In the highest 
level of domestic gas supply availability, a result 
that would have especially important implications in 
minimizing the instability associated with Imports of 
expensive foreign oil. 

Observations from the estimates presented under the 
three scenarios are: 

Available gas supply for the year 2010 should 
be, in all cases, at least 18.4 Tcf, compared 
to the 1988 actual consumption of 17.7 Tcf. 

- The gas supply estimates for the year 2010 
should be between 18.4 and 24.2 Tcf depend-
ing upon the pricing scenario. The 24.2 Tcf 
level represents a 37 percent increase over 
the 1988 level of actual gas supply. 

Overseas sources of LNG (liquefied natural 
gas) generally account for less than four 
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percent of the total supply in all scenarios. 
All imports, including those from Canada and 
Mexico, range between 11 and 14 percent of 
the total supply in the various scenarios. 

Sources of gas supply in the future should 
be more diverse and will tend to change 
depending on economic and technological 
development. 

Each scenario leads to a different configura-
tion of sources in the gas supply forecast. 
In all cases supply was adequate for gas to 
maintain at least a 20 to 25 percent share 
of the total national energy requirement. 

Coal Giflcation 

Based on coal's expected cost and Its national 
security advantages over Imported oil, AGA states 
that development of the nation's coal resource as 
part of a long-term energy strategy is particularly 
desirable. The direct use of coal In homes and 
most commercial and small industrial applications is, 
however, prohibitively expensive. Consequently, con-
version of coal to a more usable and broadly ac-
ceptable form is necessary before coal can be 
widely used. There are three main forms of con-
version:	 electricity,	 gas (methane),	 or liquids 
(petroleum substitutes). While each of these 
products has its unique advantages and place in the 
national energy picture, AGA says that coal gasifica-
tion is particularly advantageous: 

The production of coal gas will enable the 
continued use of the In-place million-mile 
gas transmission and distribution network 
which represents a near $90 billion Invest- 
ment. Moreover, continued gas availability 
will provide for the utilization of another 
$90 billion of consumer Investment In ap-
pliances, furnaces and other gas consumer 
equipment. 

From the consumers' perspective, providing 
for the major residential and commercial 
energy needs of space heating, water heat- 
ing, cooking and clothes drying, coal 
gasification will cost less than delivering 
these services with coal-generated electricity. 

From a national perspective, equivalent 
amounts of end-use energy from coal-gas 
would entail significantly lower investment 
costs, and environmental residuals than either 
a	 coal-fired electric	 or	 coal-to-liquids
facility. 

Siting and Cominereializaticn 

More than 100 potential sites have been identified 
for high-BTU coal gasification facilities where coal 
mining,	 water and environmental issues do not 
present a constraint. Nevertheless, there are a 
number of Institutional and economic factors which 
constrain the initiation of a coal gasification in-
dustry (high and medium-BTU).

Among these constraints are uncertainties associated 
with the outlook for supply, demand and price of 
conventional gas resources, the price of competing 
fuels at the time of first production, and the costs 
of compliance with existing and potential government 
regulations and laws. Even more Important, the 
capital costs for a single commercial scale high-BTIJ 
plant are comparable to the net worth of the 
largest gas utility. From a prudent investor's view-
point, not more than some 15 percent of new worth 
should be at risk in any one investment. As a con-
sequence, no single company can construct a plant 
without relying on "project financing" (i.e., where 
the risk would be borne by the project itself 
without recourse to the credit capacity of existing 
businesses). Because of the scale of these projects 
and the regulatory/economic uncertainties, potential 
lenders thus far have required that some form of 
debt guarantee (either by consumers through an all-
events tariff or by the federal government with a 
loan guarantee) be a part of the financing package 
for at least the first few plants. 

In order to accelerate development of coal gasifica-
tion in the United States, the AGA says that 
government efforts to reduce regulatory and com-
mercialization risks must be forthcoming. This In-
cludes government support, not only in terms of 
research and development (R&D) funding but, just as 
Importantly, for protection against costly regulatory 
delays, reliability of reasonable environmental re-
quirements and provisions for loan guarantees. 

Because the production and marketability of pipeline 
quality coal gas can be constrained by such a large 
number of factors, the AGA sees little growth in 
output from this source. 

The current excess gas deliverability situation has 
significantly dampened the interest in many sup-
plemental supply sources, especially in the near 
term. Thus, it appears that high-BTU coal gasifica-
tion supplies are not needed to supplement United 
States gas supplies in this decade. Nevertheless, 
most conventional gas supply forecasts show a clear 
and growing role for supplemental gas sources 
beyond 1990. 

High-BTU coal gasification is a purely domestic 
resource and, therefore, should play a role in the 
supplemental gas supplies of the future. Experience 
gained from the Great Plains project can be valuable 
in launching In the future a more significant coal 
gasification industry in the United States. 

As shown in Table 1 for the High Price Scenario, 
the experience from the Great Plains project and the 
anticipated trend in Lower-48 gas supplies could, by 
2010, result in the construction of another "Great 
Plains" size plant. 

For the Low Price and Middle Price Scenarios, it is 
expected that only the Great Plains Plant and one 
or two existing synthetic natural gas from liquids 
plants will be in operation throughout the projection 
period. 
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TABLE 1 

nwcriat ESTIMATES FOR 5*1 

AND OMI. GASIFICATION 

(Billion Cubic Feet) 

	

Low	 Middle	 High 

	

Pi'lce	 Price	 Price 
Year	 Scenario	 Scenario	 Scenario 

1995	 53	 53	 53 
2000	 53	 53	 53 
2010	 53	 53	 100 

Naiconventlesal Sources of Methm 

There are a number of resources from which future 
gas supplies will be produced as new technologies 
are developed, existing technologies are refined, and 
the economics for natural gas supply change. In-
cluded in the nonconventional category are methane 
from biomass and waste, in situ coal gasification, 
peat gasification, oil shale gasification and methane 
hydrates, (which involves the production of gas from 
naturally occurring deposits). Also included in the 
noneonventional category is methane from landfills, 
production of which is already taking place on a 
limited scale. The sheer size of the resource base 
associated with each of the nonconventional sources 
continues to encourage research related activity for 
developing the technologies needed for methane 
recovery from these sources. However, with the 
strong near-term outlook for gas supply from con-
ventional and other supplemental sources, progress in 
bringing forth methane production from the noncon-
ventional sources is expected to be slow; thus, says 
AGA the focus on future production has shifted to 
the post-2010 period. 

Current estimates of the United States coal resource 
which Is not recoverable by mining range upwards to 
1.8 trillion tons. If only a fraction of this coal 
were recoverable by in situ gasification, it would 
provide significant gas production. For instance, if 
five percent of the identified resource was found to 
be recoverable, it would translate to about 500 Tcf 
of methane--over two Sand one half times the cur-
rent proved gas reserves level. 

In situ coal gasification has the potential to sig-
nificantly expand economic extraction from coal 
seams which are too deep, too steep or too thick 
for conventional mining methods. 

Although gasification of coal in-place simplifies some 
aspects of the conversion process, a variety of 
technical questions must be answered before sig-
nit icant amounts of gas can be economically 
produced. in addition, there are environmental un-
certainties associated with underground coal gasifica-
tion: subsidence causing aquifer disruption, water 
quality effects caused by contamination of ground 
water with organic and inorganic materials, surface

disruption, water usage, possible health and safety 
problems, and waste and atmospheric emissions. 

The peat resource base is less well defined than 
other fossil fuel resources, although enough is known 
about certain areas to justify planning for future 
gas production. Peat resources in the United States, 
excluding peat in permafrost areas, represent a 
potential energy resource of over 1,400 quads. 

The gasification of peat to produce low-BTU gas has 
a history that goes back more than a hundred years. 
Peat gasification has been conducted on large scales 
in many different types of gasifiers. Commercial 
processes for the production of low-BTU gas from 
peat are offered by a number of manufacturers. 

A commercial-scale plant has been built In Finland 
for converting peat to synthesis gas for ammonia 
production. 

With respect to oil shale gasification, some pilot 
plant work has been done. A larger-scale pilot 
plant and demonstration plant operations are needed 
to verify the technical and commercial feasibility of 
converting oil shale directly to SNG. 

Methane hydrates are solid, ice-like compounds in 
which, under certain conditions of temperature and 
pressure, gas molecules are entrapped and bound 
with water molecules in a crystalline structure. It 
has been theorized that because conditions favorable 
to gas hydrate formation exist on a large portion of 
the earth's surface, significant accumulation of 
methane in gas hydrates may exist in deep ocean 
deposits and in permafrost areas onshore. Given the 
current level of knowledge and the limited ex-
perience regarding methane hydrates, several major 
technological breakthroughs will be required before 
recovery of gas from this source can begin. 

Table 2 presents AGA's estimates of future produc-
tion for the nonconventional sources under the three 
scenarios. Given the considerable technology 
development required for the nonconventional sources, 
the 1995 estimate in each case primarily reflects 
landfill methane production. However, by the year 
2000, the provision of needed federal support for 
nonconventional resource development could result in 
additional production from the other nonconventional 
sources. The Low Price Scenario estimate reflects 
lack of federal support and other conditions which 
in general do not encourage nonconventional resource 
development. Landfill gas development, particularly 
medium-BTU, would continue in this case, although 
growth would be limited. In the Middle and High 
Price Scenarios, the range in the production es-
timates reflects the varying results of early attempts 
to develop gas production from the other nonconven-
tional sources. 

AGA notes that the most promising period for growth 
in the production of the nonconventional sources is 
expected to occur outside of the time horizon of 
this report. The estimates in Table 2 reflect the 
results of early efforts to develop these large 
resources.	 After 2010, these sources could con-
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TABLE 2 tribute significantly	 to gas supplies as the results of 
current and near-term research	 and development	 ef-

NG4IYtfTIGML SOURCES forts are Implemented on a	 larger scale. 
PRODUCTION ESTIM&TES 
(Billion Cubic Feet) Overall Future Gas Supplies 

The AGA estimates for total United States gas supply 
Law	 Middle	 High sources under the	 three	 different price scenarios are 

Piq ee	 Price	 Price shown in Tables 3, 4	 and 5. 
Year Scenario	 Scenario	 Scenario 

1995 20	 30	 30 
2000 40	 50	 75 
2010 40	 80	 100

TABLE 3 

GAS SUPPLY - Lay PRICE SCENARIO 
(Trillion Cubic Feet) 

1995	 2000 2010 

Oil Price Assunption ($1988/bbl) 18	 22 33 
Gas Price Assumption ($1988/MIABTU) 2.33	 3.03 4.84 
Laver-48 15.0	 15.0 15.0 
Imports  

Canadian 1.7	 1.8 1.8 
Mexican -	 0.1 0.1 
LNG 0.2	 0.35 0.6 

Alaskan Gas -	 - 0.8 
Other Supplemental Sources 0.1	 0.12 0.12 

Totals 1770	 17.4 18.4 

TABLE 4 

GAS SUPPLY - MIDDLE PRICE SCENARIO 
(Trillion Cubic Feet) 

1995	 2000 2010 

Oil Price Assunption ($1988/bbl) 20	 27 40 
Gas Price Assumption ($1988/FttiBTU) 2.59	 3.63 5.52 
Laver-48 16.9	 18.0 18.5 
I ripo r t 5 

Canadian 1.8	 2.0 2.5 
Mexican	 - -	 - - 
LNG 0.35	 0.6 0.8 

Alaskan Gas -	 0.8 1.2 
Other Supplemental Sources 0.11	 0.13 0.16 

Totals 19.2	 21.5 23.2 
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TABLE 5 

GAS SUPPLY - HIGH PRICE SCENARIO
(Trillion Cubic Feet) 

1995 2000 2010 

Oil Price Assunptlon ($1988/bbl) 30 38 62 
Gas Price Assunptlon ($1988/?.WBTU) 3.62 4.59 7.48 
Laver-48 17.5 18.8 19.5 
Iriports 

Canadian 1.8 2.0 2.5 
Mexican - - - 
LNG 0.5 0.8 0.8 

Alaskan Gas - 1.2 1.2 
Other SupplenEntal Sources 0.11 0.16 0.23 

Total 19.9 23.0 24.2 
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ECONOMICS 

ESTIMATED COST OF PRODUCING WY FUEL AT GREAT 
PLAINS INCREASES 

Amoco Oil Company and Lumrnus Crest have been 
working on a government -funded contract to develop 
an upgrading scheme for the liquid byproducts (tar 
oil, phenols, and naphtha) produced by the Great 
Plains Coal Gasification Plant in Beulah, 	 North 
Dakota.	 These streams are currently burned in the
utility boilers and steam superheaters in the Great 
Plains plant. Tasks 1 through 3 of the contract 
were completed and the results published previously 
(see Pace Synthetic Fuels Report, September 1989, 
Page 4-11). The results of Tasks 4 and 5 are now 
available in a report published in December 1989. 

A preliminary design for the production of JP-8 jet 
fuel and other salable products from the Great 
Plains byproducts is given in the report. The design 
incorporates experimental results from Tasks 2 and 3 
with the scoping design from Task 1. The ex-
perimental results demonstrated the need for more 
severe hydrotreating conditions to convert the tar 
oil to jet fuel than were estimated in Task 1. As 
a result, capital costs for the revised design are 
significantly higher, and the plant is less profitable 
than estimated in the Task 1 work. 

The Great Plains plant produces about 145 million 
standard cubic feet per day of substitute natural gas 
(SNO) from lignite. 	 The plant also produces three 
liquid byproducts:	 about 2,900 barrels per day of
tar oil, 830 barrels per day of crude phenols, and 
650 barrels per thy of naphtha. Currently, the 
byproducts are burned in the plant's boilers and su-
perheaters to produce steam. The economic viability 
of the plant might be improved by producing 
marketable products, rather than steam, from these 
byproduct liquids. Jet fuels are of particular inter-
est because of the close proximity of Great Plains 
to several United States Air Force bases, and the 
strategic interest in maintaining a constant, domestic 
source of jet fuel for those bases. 

This project was divided into five major tasks: 
Process Concept Definition, Bench Scale Testing, Pilot 
Plant Testing, Preliminary Process Design and 
Economics, and Production Run Recommendation. 

The first task, Process Concept Definition, included 
designs for maximizing production of each grade of 
jet fuel (JP-4, JP-8, JP-8X), designs for profitable 
schemes which produce the various jet fuel grades, 
and a scheme for maximizing profits. 

The two products from Task 1 were the design and 
economic results for each of the seven designs and 
a plan for bench scale testing (Task 2) to confirm 
many assumptions made In Task 1. The final report 
for Task 1 was issued by the United States Air 
Force in September 1988. Based on the design and 
economic results from Task 1 and preliminary results 
from Task 2, the Department of Energy and the

Department of Defense decided on a preferred 
processing scheme for the Great Plains liquids, the 
"Profitable JP-8" case developed in Task 1. Amoco 
carried out pilot plant testing (Task 3) of the 
process design from Tasks 1 and 2 and provided bar-
rel quantities of product for testing by the United 
States Air Force and associated contractors. The 
final report for Tasks 2 and 3 was issued by the 
United States Air Force in June 1989. 

The pilot plant results were used by Amoco and 
Lummus to develop a preliminary process design and 
economics (Task 4) for a plant to upgrade the liquid 
byproducts at Great Plains. Finally, in Task 5, Lum-
mus suggested existing facilities where the processing 
scheme might be carried out on a scale sufficient to 
provide jet fuel for aircraft testing. The results of 
Tasks 4 and 5 are reported in the December 1989 
report. 

Cost and Profitability Esunmt 

With capital and operating costs provided by Lummus 
Crest, Amoco estimated the cost and profitability of 
production of JP-8 and other salable products from 
the Great Plains byproduct tar oil, naphtha, and 
phenol streams. The estimates were made with 
Amoco's linear programming models with byproduct 
values based on a report by J. E. Sinor Consultants 
Inc. and an update by Stanford Research Institute 
(SRI). In addition to the estimates for the 
"Profitable JP-8 Case," revised profitability estimates 
for the "Maximum Profit Case," in which no JP-8 is 
manufactured, are provided for comparison. 

The	 market	 limits on chemical	 byproducts	 were 
defined	 in	 reports by Sinor Consultants and	 SRI. 
Table	 1	 summarizes the	 sales constraints based	 on 
information from those reports. The Sinor informa-
tion	 was	 used	 in the Task 1	 study	 and the	 SRI 

TABLE 1 

OFFICALS SALES LIMITS FOR 
WXIKJM PROFIT CASE 

Sales Limits, MEW 
Chemical	 Slnor	 SRI 

Benzene Unlim Unlim 
Toluene Unlim Unlim 
Xylene Unllm Unlim 
Phenol Unlim 2.192 
o-Cresol 0.25 0.61 
m,p-Cresol 0.80 0.38 
Xylenois 0.30 0.485 
Cresylic Acids 1.40 

Profit, FRrI$/Yr 9.2 15.1
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values in Task 4. Based on the "Maximum Profit" 
case, the annual profit from sales of chemicals in-
creases from $9.2 million to $15.1 million in going 
to the updated costs. The primary difference is 
that the value of phenol doubled from about $80 per 
barrel to about $160 per barrel during the time 
period between the two reports. 

Differences in Capital Costs 

Process	 data	 from Tasks 2 and	 3 redefined the tar 
oil processing scheme used in Task 1.	 More severe 
hydrotreating	 is	 required	 than	 was	 assumed	 in	 the 
Task 1 estimates and, 	 as a result,	 the	 capital	 costs 
for	 the	 hydrotreater section	 increase	 from 
$45.6	 million	 in	 Task	 1 to	 $63.2	 million	 in	 the 
Task	 4 estimate (Table	 2). In	 total,	 the	 capital	 in-
vestment	 for	 the	 "Profitable	 JP-8"	 case	 increased 
from $89 million in Task 1 to	 $110	 million. 

BTX production was only marginally profitable in 
Task 1. Revised operating costs in Task 4 make it 
unprofitable. Since BTX production is unprofitable, 
the aromatics recovery unit (ABU) is deleted and the 
byproduct naphtha stream is hydrotreated and sent 
to gasoline blending stock in the "Profitable JP-8" 
case. 

E.omles Summary 

Tables 3 and 4 summarize the profitability, invest-
ment costs, feed and product flow rates, and cash 
flows for the "Profitable ,JP-8" and "Maximum Profit" 
cases. The Task 1 estimates are included for com-
parison. 

Changes in the tar oil processing scheme as a result 
of the Task 2 and 3 work, refinements in the capi-
tal estimates, and changes in the product values 
have impacted the product slates for both cases 
(Table 3). Relative to the Task 1 estimates, the 
"Profitable JP-8 case now produces more gasoline 
and liquid fuel and produces correspondingly less BTX 
and naphtha (reformer feed).	 A tar oil distillation

unit is required for preseparation of the 300°F-
fraction before hydrotreating; this was not included 
In the Task 1 designs. In both the "Profitable JP-8" 
and the "Maximum Profit" cases, there is no 
aromatics recovery unit. In addition, the "Maximum 
Profit" case now no longer has naphtha distillation, 
naphtha hydrotreaters, or PSA (pressure swing ad-
sorption) units. As a result, the product slate for 
the "Maximum Profit" case shifts slightly toward less 
chemicals production. 

Table 4 summarizes the cash flows for the 
"Profitable JP-8" and the "Maximum Profit" cases, 
comparing the Task 1 and the Task 4 estimates. 
The "Profitable JP-8" case yields an annual total 
profit of list $0.5 million now versus $9.0 million in 
the Task 1 estimate. The primary changes are lower 
net income from sales, primarily due to the elimina-
tion of the ABU, and the Increase in capital costs 
as a result of the more complex tar oil treatment. 
The primary cause of decreases In the profitability 
of the "Maximum Profit" case Is the decrease in net 
sales due to the elimination of BTX and gasoline 
production from the naphtha stream. Increased capi-
tal costs for the Phenoraffin unit are balanced by 
elimination of the naphtha treatment units, so that 
capital costs remain about even between Tasks 1 and 
4. Fuel costs drop significantly, since the naphtha 
stream remains in the fuel pool. The net effect is 
that the profit remains about the same as the 
original estimate. (Table 4.) 

Effect of Chemlimi Sales Subsidy 

Table 5 lists the costs of JP-8 for the "Profitable 
JP-8" case when the value of the jet fuel is sub-
sidized by chemical sales and when it is not. The 
value of JP-8 was taken as $21.84 per barrel for 
this study. For the subsidized case, the net 
profitability, $1,300 per thy, was distributed to the 
2,427 barrels of JP-8 produced to arrive at a net 
jet fuel cost of $21.30 per barrel. The unsubsidized 
case was calculated by distributing the net increased 
cost of going from the "Maximum Profit" case, 

TABLE 2

(NEAT PLAINS INVESTMflIT SUMMARY 

Unit Max Profit Case Profitable JP-8 
Investment, 2!!! Task 

Aramties Rea 12.3 0 12.3 0 
Phenoraffin 19.4 28.1 19.4 28.1 
Tar Oil Distil 0 0 0 4.8 
Hydrocracking 0 0 11.2 6.3 
Hydrotreatlng 0 0 31.3 52.1 
Naphtha Distil 0.2 0 0.2 0.2 
Naphtha Hydrotrtg 4.5 0 4.5 6.2 
PSA 0.5 0 9.0 10.9 
Paver Distribution 0.1 0.1 1.4 1.5 

Total 37.0 28.2 89.3 110.3
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TABLE 3

GREAT PLAINS LIQUID BYPRODUCTS CASE SSARY 

Max Profit Case Profitable JP-8 
Task 1	 Task 4 Task 1 Task 4 

lnvestnnt,	 ltT.i 37.0 28.2 89.3 110.3 

Feedstocks, Wi) 
GP Naphtha 660 0 660 660 
GP Phenol 833 799 833 799 
GP Tar Oil 0 0 2,896 2,932 
Syngas, NTI8CFD 0.4 0 23.2 22.7 

Products, BCD 
Gasoline 64 0 306 925 
ReforriEr Feed 0 0 980 162 
Jet Fuel 0 0 2,320 2,427 
8Th 389 0 321 0 
Chemicals 525 331 525 382 
Liquid Fuel 450 364 456 798 

Unit Capacity, W)C
Aramtics See 428 0 355 0 
Phenoraffin 833 799 833 799 
Tar Oil Distil 0 0 0 2,932 
Hydrocracking 0 0 747 964 
Hydrotreating 0 0 4,797 4,441 
Naphtha Distil 660 0 660 660 
Naphtha Hydrtrtg 476 0 476 476 
PM, M4SCFD 0.4 0 23.2 22.7 

TABLE 4

GREAT PLAINS EanrIcS SUMMARY 

Max Profit Case Profitable JP-8 
Cash Flow, $M/CD Task 1 Task 4 Task 1 Task 4 

Net	 ales' 79.9 55.4 158.5 143.8 
Fuel -14.6 0.2 66.9 -65.2 
Cat andCIjan -0.8 -0.5 -5.0 -3.4 
Utll1ties -0.9 -0.7 -7.3 -8.5 
MTIO -4.1 -3.1 -9.8 -12.1 
Fixed Costs 5 -2.6 -1.4 -5.2 -4.7 
Capital Recov 6 -16.4 -12.5 -39.5 -48.7 

Total Profit 40.8 37.4 24.8 1.3 
Total,	 $tIt.1/Yr 14.9 13.7 9.0 0.5

'Includes naphtha, gasoline, EtC and chemicals, less the cost 
of purchased gasoline blending stocks (e.g., butane). 

2 1ncludes Great Plains naphtha, tar oil, phenol and hydrogen 
rencved fran syngas, as well as purchased fuel, less credit 
for fuel returned to the Great Plains pool. Hydrogen is 
priced at a premium over fuel value. 

3 lncludes paver, steam, process water, and cooling water. 
4Maintenanee, taxes, insurance, and overhead charges. 
5Pri,mrily operating labor. 
6 16.1%/year of capital.
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TABLE S 

JET FUEL (JP-8) COSTS 
PROFITABLE JP-8 CASE 

$/Bbl	 s/Gal 

Subsidized by Chemical Sales 21.3 	 0.51 
Unsubsidized	 36.70	 0.87 

wherein no JP-8 is produced, to the 'Profitable 
JP-8" case. The net increased costs for jet fuel 
production were $124,600 per day, the increased 
capital and operating costs, minus $35,500, the in-
creased sales from additional chemical and fuel 
manufactured. This $89,100 per day increase in cost 
yields 2,427 barrels per day of JP-8, which would 
break even at $36.70 per barrel. 

Recommendation for 10,000 Barrel Run 

Task 5 calls for the recommendation of a 10,000 
barrel test run to produce JP-8 from the great 
Plains tar oil stream. 

Work in Tasks 2 and 3 showed that the first stage 
of tar oil hydrotreatment requires an expanded bed 
hydrotreater unit. Two such commercial units exist 
In the United States, but both are too large to 
carry out a 10,000-barrel run. Lummus has recom-
mended an alternative approach using a two-stage, 
fixed-bed hydrocracker system. The tar oil would 
be treated in five steps: 

- Tar oil hot filtration to remove solids to
avoid plugging the first-stage hydrocracker. 

- Hydrocracking at a high recycle rate to 
handle heat of reaction, to lower heteroatom 
content and to begin aromatics saturation. 

- Fractionation of the hydrotreated products. 

- Recycle hydrocracking of the 550 0 F+ fraction 
to extinction. 

Clay treatment of the blended JP-8 product. 

NEW (SOP CATALYST 10 TIMES AS ACTIVE, LOWERS 
STNCRUDE PRODUCTION COSTS 

UOP has been carrying out a research program, spon-
sored by the United States Department of Energy 
(DOE) to develop a slurry catalyzed process for 
coprocessing coal and petroleum residuum. 

A conceptual flow diagram of the UOP coprocessing 
scheme Is shown in Figure 1.	 In this process, a

slurry of finely ground coal, petroleum resid, and 
catalyst Is mixed with hydrogen, heated, and then 
directed upt low through a single-stage reactor, 
where the simultaneous conversion of the petroleum 
resid and coal takes place. The use of a finely 
divided slurry catalyst provides for continuous in-
timate contact between the catalyst, hydrogen, slurry 
components, and reaction products throughout the 
system, thereby reducing the tendency of reactive 
thermal fragments of the coal and resid to form 
coke. The effluent from the reactor is directed to 
a series of separators where hydrogen-rich gas Is 
recovered and recycled back to the reactor Inlet. 
The balance of the material Is separated in atmos-
pheric and vacuum fractionation columns to recover 
streams for further upgrading in conventional 
refinery units. The vacuum column bottoms stream, 
containing the catalyst, unconverted coal, coal ash, 
and 510+°C residual material, is processed through a 
solid and resid separation step to give a resid 
stream that has been significantly demetallized. The 
remaining solids may be processed to recover the 
catalyst. 

FIGURE 1 

UOP CO-PROCESSING 
FLOW SCHEME 

0	 H	 H20, HA NH 
GASES 
LIGHT Oil. 

R	 F 

COAL VGO 

CATALYST	 F

SR RESt 

TALYST RECYCLE CR

RESIXIE 

R REACTOR 
S SEPARATOR 

AF ATIMOSP$4ERIC FRACTIONATOR 

VF VACUUM FRACTIONATOR 
SR SOW / RESID SEPARATION 

CR CATALYST RECOVERY

According to UOP researchers making a presentation 
to the Pittsburgh Coal Conference last fall, one of 
the key differences between the UOP process and al-
ternative ebullating bed technologies Is the slurry 
catalyst. The use of a finely divided catalyst mm-
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imizes diffusion problems that may be associated 
with a supported catalyst. The catalyst moves 
with the products rather than staying in the reactor 
for extended periods.	 After recovery, the catalytic
metals are converted back to the active form of the 
catalyst. The reactants are constantly seeing fresh 
catalyst rather than an equilibrium catalyst of less 
than fresh activity. 

During the first year of the contract, a large num-
ber of process variable studies were conducted to 
screen different feedstock combinations; and to op-
timize operating conditions for the reference feeds, 
Illinois No. 6 Coal and Lloydminster Vacuum Resid. 
Good long-term operability of the process was then 
demonstrated in the continuous pilot plant for nearly 
2,000 hours on stream. Based on these results, a 
conceptual commercial design was completed during 
the fourth year, and a catalyst recovery process was 
developed that could recover 93+ percent of the 
catalytic metals. Economic studies suggested that 
with existing technology, the addition of coprocessing 
capacity to a refinery would not be attractive until 
the margin between product and feed reached levels 
that would correspond to a crude price of about 
$42 per barrel. UOP pointed out that coal-handling 
and hydrogen costs contribute substantially to the 
high cost of coprocessing, but these costs are de-
pendent on the nature of the feedstocks and are not 
likely to be reduced significantly. The most direct 
way to improve the economics of coprocessing Is to 
reduce the costs of catalyst production and 
recovery. Therefore, recent work has been devoted 
to improving catalyst activity, dispersion, and 
recovery techniques. UOP says a new catalyst sys-
tem has now been identified that is ten times more 
active than the original reference catalyst reported 
in earlier papers. 

Catalyst Denlapinenta 

The most active new catalyst identified was a 
molybdenum-based catalyst designated K6.2. Catalyst 
concentration surveys were conducted with both the 
K6.2 and a modified version of a vanadium-based 
reference catalyst (K2.0) over a range from 50 ppm 
to 2.0 weight percent metal. Figure 1 shows the 
effect of catalyst concentration on coal conversion 
for both catalyst systems. Maximum coal conversion 
of about 94 weight percent is achieved at 
1.0 weight percent V or 0.1 weight percent Mo. 
Coal conversion does not continue to increase with 
catalyst concentration because the catalyst quickly 
gets an equilibrium level of coke laid down on it. 
The more catalyst there is, the more total coke is 
laid down. Therefore, at high catalyst concentra-
tions, the coal may be "converted," but to coke 
rather than to liquid products. Equivalent yields and 
conversions can be achieved using either the 
reference K2.0 catalyst or about one-tenth the con-
centration, by weight, of the new K6.2 catalyst. 
The choice between these two catalyst systems then 
becomes one of comparative economics. 

The selection of the optimum catalyst system for 
coprocessing is a complex problem involving many 
tradeoffs, explains UOP.	 In addition to activity,

some of the other factors that must be considered 
are the cost and availability of the raw material, 
the cost of making an active catalyst from the raw 
material, plant operability, and the ease and cost of 
catalyst recovery from the coprocesscd products, ash, 
unconverted coal, and any other metals that may be 
present from the coal or resid. If the catalyst is 
Inexpensive, or if it is sufficiently active to be used 
in low enough concentrations, it may also be more 
cost effective to throw away the catalyst with the 
waste solids than to attempt recovering the metals. 

Vanadium recoveries in excess of 95 percent have 
been demonstrated In the laboratory, and a concep-
tual commercial design has been completed for a 
facility that would recover 92.9 percent of the V in 
the coprocessing solids. 

The main advantage that Mo has over a V catalyst 
is its high activity. The recovery process for Mo 
would not be fundamentally different from the V 
case.	 Recent recovery experiments have given Mo
recoveries of about 85 percent, and further progress 
is anticipated as the process is optimized. After 
including catalyst cost, preparation, make-up, and 
recovery costs, the 10:1 activity advantage of the 
Mo catalyst over V translates into about a 2.5:1 
cost advantage. 

Table 1 shows the impact that switching from the 
reference catalyst to 1(6.2 has on the economics of 
a coprocessing refinery. For each case shown, es- 
timated crude and finished product prices were com-
puted that give the indicated internal rate of return 
(IRR) using discounted cash-flow analysis. The IRR 
is based on the incremental investment and cash 
flow differences between a conventional refinery 
processing 90,000 barrels per stream day of mixed 
Canadian crudes and a coprocessing refinery process-
ing the same crudes plus 2,450 metric tons per day 
of Illinois No. 6 Coal. Relative finished-product 
prices corresponding to a given crude price were 
estimated to allow the analysis to be put in terms 
of a single well-recognized variable: average crude 
price. Coal prices were assumed to be constant. 
The reference V catalyst would Just break even on 
operating costs at a crude price of about $30 per 
barrel. The Mo catalyst would cover operating costs 
at a $7 per barrel lower crude price of about 
$23 per barrel. Using the 1(6.2 catalyst, with 
90 percent recovery, the average crude price would 
have to be about $47.50 per barrel for a 10 percent 
IRR on incremental capital. Although this figure is 
high by present $18 per barrel standards, progress 
continues to be made in reducing costs. 

At current raw material prices, a once-through 
throwaway catalyst operation is more economical 
than recovery at catalyst concentrations less than 
0.08 weight percent. At higher catalyst concentra-
tions, catalyst recovery and recycle are preferable. 
At current crude and product price levels, a low 
concentration throwaway catalyst appears to be most 
cost-effective. However, continuous plant operation 
has yet to be demonstrated at low catalyst con-
centrations, and operation in this mode would shift a 
greater upgrading burden to downstream hydrotreaters 
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TABLE 1 

ESTIMATE) CRUDE AND PRODUCT PRICES 
NEThU) FOR DIFFERENT RATES OF REIVW4 

IRR for Incremental Investment 
5% 10% 

Catalyst 1(2.0 1(6.2 1(2.0 1(6.2 
Cone. Wt.% 1.0 0.1 1.0 0.1 

Prices 
Crude $/bbl 41.96 35.61 53.85 47.50 
Coal s/MT 35.00 35.00 35.00 35.00 
Prem. Gas. $/bbl 60.21 51.10 77.27 68.16 
Keg. Gas. 5/bbl 55.60 47.18 71.35 62.94 
Fuel Oil #2 $/bbl 48.25 40.95 61.93 54.62 
Fuel Oil #6 $/bbl 37.76 32.05 48.47 42.75 
High S Coke s/MT 29.75 29.75 29.75 29.75 
Power 5/kWh 0.06 0.06 0.07 0.07 

and	 conversion	 units	 In the refinery.	 As	 the	 mar- pected to shift to 0.1 or	 0.2 weight percent, 	 where 
gins between	 crude and product prices increase and recycle catalyst operation is more attractive. 
further reductions	 are	 made in the cost	 of catalyst 
recovery,	 the	 optimum	 catalyst	 concentration is	 ex-
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TECHNOLOGY 

COAL LIQUIDS TESTED AS JET FUEL FOR SUPERSONIC 
AIRCRAFT 

Creating a new generation of high-Mach aircraft for 
widespread commercial and military service will it-
quire a fuel suited for a rigorous thermal environ-
ment.	 New aircraft designs like the High Speed 
Commercial Transport (HSCT) or the National 
Aerospace Plane (WASP) will employ the fuel as a 
heat sink to cool portions of the airframe and 
propulsion systems.	 Above Mach 4, the fuels must 
bear the entire heat load. Work carded out at 
Southwest Research Institute has involved a prelimi-
nary evaluation of coal-derived turbine fuel with 
respect to the demands of high-speed aircraft. A 
paper was presented by J. Erwin and N. Sefer of 
Southwest Research Institute at the Symposium on 
the Structure of Future Jet Fuels II, sponsored by 
the American Chemical Society In Miami Beach last 
September. 

Possible high-Mach turbine fuels are liquid hydrocar-
bons, endothermic hydrocarbons, or cryogenic liquids 
(methane or hydrogen). The advantages of selecting 
a hydrocarbon fuel include: 

- Delivery through existing transportation sys-
tem 

- Use of current airport fuel facilities, and 

- Familiar aircraft fuel system design 

Fuel temperatures are expected to be above the 
thermal oxidation limits of 500 0 -600°F for conven-
tional jet fuels. This temperature threshold Is es-
tablished by reactions which foul heat exchanger and 
propulsion system surfaces. High molecular weight, 
polymeric deposits cause plugging and reduce heat 
transfer rates. Thus high temperatures will require 
fuels with high thermal stability. 

Coal-derived liquids provide some potential benefits 
in conversion to jet fuel. High severity hydrogena-
tion is required to saturate aromatic compounds and 
improve combustion quality. The high proportion of 
cycloparaffins produced results in fuels with high 
volumetric energy content. Reduction of aromatics 
and removal of heteroatoms also improves the ther-
mal stability of the products. 

Test Fuels 

The starting material was Exxon Donor Solvent (EDS) 
middle distillate. 

The EDS middle distillate was supplied to the United 
States Department of Energy Alternative Fuels 
Utilization Program (AFUP) from the Exxon 
demonstration plant in Baytown, Texas. 

The processing scheme is shown in Figure 1. 	 The
Initial step was extraction of phenolic compounds

with	 aqueous	 sodium	 hydroxide	 (20	 weight 
percent NaOlI) solution.	 This operation was per-
formed by Merichem Company.	 They removed
93 percent of the phenolics from about 1,300 gallons 
of product. The extraction gave a minor reduction. 
in density and a small increase in aromatic carbon 
concentration, but otherwise little change occurred 
In the other properties measured. 

FIGURE 1 

SCHEME FOR UPGRADING
EDS MIDDLE DISTILLATE 
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Hydrogenation was chosen as the second processing 
step to increase hydrogen content by saturating 
olefins and portions of the aromatic compounds. 
Hydrogen addition would also reduce sulfur, nitrogen, 
and oxygen heteroatoms. Sulfur content was already 
low because of hydrogenation in the EDS processing. 
The pilot plant processing was done at Southwest 
Research Institute In the Department of Energy Al-
ternative Fuel Center. Three levels of severity were 
used to vary the degree of hydrogenation by adjust-
ing reactor temperature and residence time. The 
three products made at different seventies were 
similar to diesel fuels with final boiling points of 
about 3150C. 

The final step in preparation of turbine fuels was 
distillation of the hydrogenated EDS products to a 
nominal 275 0 C final boiling point typical of current 
turbine fuel production. Yield of turbine fuel 
samples for characterization was 75 to 80 volume 
percent of the hydrotreater products. 

Analyses of three turbine fuels are listed In Table 1. 
The product densities were progressively lighter as 
severity was increased. The lightest product at 
0.8713 specific gravity (30.90API) was still heavier 
than the minimum 0.84 specific gravity (37 API) al-
lowed in current specifications for kerosene-type jet 
fuels, e.g., JP-8 or Jet A. According to Erwin and 
Safer, the high density of the EDS product is a 
result of the high proportion of aromatics and 
cycloparaffins which are heavier than aliphatic 
paraffins normally present in petroleum-derived tur-
bine fuels. 
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TABLE 1 

PROPERTIES OF TURBINE FUEL FRACTIONS FROM 
IWIS)CThATTh EDS UIII)LE DISTILLATE 

Low Medium High 
Property Severity Severity Severity 

Gravity, API° 27.1 29.4 30.9 
Specific Gravity 0.8922 0.8794 0.8713 
Distillation,	 °C 

IBP 186 196 189 
10 210 208 208 
30 221 218 216 
50 227 225 223 
70 238 237 235 
90 257 256 254 
FBP 274 274 277 

Hydrocarbon Type V96 
Saturates 59.3 78.6 88.1 
Olefins 1.1 0.7 1.5 
Aromatics 39.6 20.7 10.4 

Aromatic Carbon M16 
Monocyclic 15.90 5.01 3.06 
Dicyclie 1.37 0.70 0.29 
Tricyclic 0.06 0.03 0.01 

Smoke Point m 3 11.0 13.9 17.6 
Net Heat of Combustion 

BTU/Gal 133,430 132,384 131,610 
Lubricity 

Wear Scar Diameter
0.63 0.65 0.65

Smoke points are plotted versus aromatic content in 
Figure 2. Aromatic content of 39.6 volume percent 
in the low severity product was higher than desired 
for turbine fuel. The 20.7 and 10.6 volume percent 
aromatics in the medium and high severity products, 
respectively, were in the range of current turbine 
fuel production. However, the smoke points of the 
EDS products were lower than that expected for the 
range of aromatics contents. Values under the 
specification of 20 millimeters indicate that these 
fuels would probably produce smoke or excess 
radiant heat in the combustion zone. 

Volumetric heat of combustion decreased as aromatic 
content was reduced. However the highest severity 
product at 10.7 volume percent aromatics was still 
above the 130,000 BTU per gallon value desired in 
high energy density jet fuel. 

Thermal stability of the products was evaluated using 
the Jet Fuel Thermal Oxidation Tester. At 2600C 
none of the fuels caused any pressure drop in the 
test.	 However, the lowest severity product was
above the allowable deposit code three and did not 
pass.

FIGURE 2 

SMOKE POINT AS RELATED TO
AROMATICS CONTENT 
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Lubricity of the products was evaluated in the 
Bali-on-Ring Lubricity Evaluator In which a ball 
bearing Is held in contact with a ring which rotates 
In a container of the fluid being tested. Wear on 
the surface of the ball produces a small scar. The 
wear scar diameter becomes larger as fuel lubricity 
decreases. The wear values found in the three fuels 
tested were within the range for normal fuels. 

The authors conclude that medium to high severity 
hydrogenation can be used to convert EDS middle 
distillate to turbine fuels with generally acceptable 
properties. The fuels produced were high density 
products which gave high energy contents per unit 
volume. However, additional steps are needed to 
Improve smoke point to make the fuel more suitable 
or high-Math number applications. 

COAL LIQUEFACTION DEMONSTRATED USING 
SUPERCRITTCAL WATER 

A paper presented by T. Tanaka of the University of 
Tokyo at the International Conference on Coal 
Science in Tokyo, Japan last fall demonstrated the 
use of supercritical water as a coal liquefaction sol-
vent. 

Tanaka notes that all the direct coal liquefaction 
processes using hydrogen-donor solvents demand a 
large amount of hydrogen to produce light liquids. 
But, the high cost of hydrogen creates a large bar-
rier to economical liquefaction. Recently, several 
researchers have examined the reactivity of some 
organic compounds with water at supercritical condi-
tions. It was found that the hydrolysis of coal-
model compounds occur with the rupture of ether 
bonds by water, offering serious competition with 
pyrolysis. This fact suggests that it would be pos-
sible to carry out the liquefaction of coal with 
water under supercritical conditions instead of using 
hydrogen.

Experimental 

Experiments were	 carried out	 in a	 15	 milliliter semi-
continuous microreactor.	 The	 microreactor	 charged 
with	 coal particles	 was	 immersed	 into	 a	 fluidized 
sand	 bath heated	 at	 a	 desired	 temperature.	 Then 
water was pumped	 continuously	 through	 a	 preheater 
into	 the	 reactor	 at	 a	 flow	 rate	 of	 two	 millimeters 
per	 minute. All	 experimental	 runs	 were	 made	 in 
40	 minutes. The	 extractor	 effluent	 flowing	 through 
a pressure relief valve was condensed in a separator 
at	 ambient temperature.	 The	 aqueous	 condensate was	 composed	 of	 an	 emulsion	 of	 oil	 mixed	 with 
water. 

The data on conversion for various solvents are sum-
marized in Table 1. Liquefaction with supercritical 
water resulted in higher conversion than with other 
solvents. At mild conditions, only a small percent-
age of coal was converted to gases and liquids, but 
when the pressure became greater than the critical 
value of water (22.3 MPa), conversion was much in-
creased.	 Liquid yields in the range of 11 to 
30 percent were observed. The elemental analysis 
of liquid product and residue for two coals is listed 
In Table 2. The liquids are richer but the residues 
are poorer in hydrogen than the feed coal. 

Carbon dioxide was the major gaseous product. The 
amount of carbon monoxide obtained with supercriti-
cal water was considerably lower than the case with 
nitrogen. 

Thus, Tanaka et al. believe that enhancement of liq-
uid and gas yields during liquefaction with super-
critical water is partially attributable to 
hydrogenolysis by hydrogen produced via water-gas 
shift reaction. In addition, the rupture of ether 
bonds by supercritical water Is considered to lead to 
higher conversion. Ishikari coal has a higher oxygen 
content than Yalioum coal. In the case of Ishikari 
coal, therefore, higher conversion by hydrolysis would 
be obtained than with Yalloum coal. 

TABLE 1 

aIlvERsIa4 OF ISHIXARI WAL
WITH DIFFERENT flVnrn 

Teup. Press. Total Liquid 
Solvent (K) (MPa) Cony. Yield 

Water 723 24.5 0.836 0.299 
673 24.5 0.792 0.226 

Toluene 723 24.5 0.643 - 
623 24.5 0.545 - 

Ethanol 723 24.5 0.755 - 
623 24.5 0.741 - 

Nitrogen 673 24.5 0.460 0.057 
573 0.1 0.279 0.030
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TABLE 2 

ELEMENTAL ANALYSIS OF 
SUPITICAL amcria4 petnxrs 

Wt.% 
Coal 2 
Ishikari Liquid 73.58 8.62 1.09 0.50 1.41 

Residue 81.32 3.39 3.17 27.70 0.50 
Yallourn Liquid 73.12 8.02 0.15 0.00 1.32 

Residue 82.68 3.07 1.29 2.33 0.44

FILTRATION SAID KEY TO BRYflSll COAL LSE PROCESS 

The direct liquefaction processes under development 
now are aimed primarily at the production of 
transport fuels. As a result, says G.M. lUmber of 
the British Coal Liquefaction Project at Point of Ayr, 
United Kingdom, processes that were originally single 
stage, producing unrefined fuels, have now, without 
exception, been modified to at least two stages (i.e., 
at least two reactors working under different 
conditions). 

British Coal's Liquid Solvent Extraction (LSE) process 
has always been targeted toward transport fuels and 
so was multi-stage from the outset. In the LSE 
Process (Figure 1), as Kimber described it to the In-
ternational Conference on Coal Science in Tokyo, 
Japan last fall, coal is dried and pulverized, and 
then slurried with a hydrogen donor solvent. The 
coal slurry Is pressurized to 20 bar, preheated to 
410 0C and then fed to a digester in which up to 
95 percent of the coal is dissolved. The digest is 
cooled to . 300 0 C, depressurized and filtered to 
remove the mineral matter and the undissolved coal. 
The filter cake is washed with a fraction of the 
solvent, which displaces the coal extract solution 
trapped within the voidage of the cake. Residual 
wash oil is in turn recovered by vacuum drying the 
filter cake. 

The coal extract solution is then pressurized to 
210 bar, mixed with hydrogen gas and preheated to 
300 0 C before being fed to the ebullating bed 
hydrocracking reactors. 

The product from the hydrocracking stage Is distilled 
to recover the recycle solvent and to give three 
main products: LPG (liquefied petroleum gas), naph-
tha and mid-distillate. In addition, a byproduct 
pitch stream is taken off and recycled to the di-
gestion stage. 

A process that can utilize a wide range of coals 
efficiently has advantages, as the type of coal will 
alter for various reasons during a plant life of 
20-30 years. The LSE process Is said to be flexible

because, although developed initially with United 
Kingdom coals (which are of limited rank range) it 
has successfully utilized brown coals and lignites. 

FIGURE 1 

BRITISH COAL LIQUID SOLVENT 
EXTRACTION PROCESS 
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During studies of the rate and extent of dissolution 
and of the rate at which the large molecules can 
be hydrocracked, British Coal has found that 
petrographic analyses are a useful indicator of coal 
reactivity. The rnaceral contents determine the ex-
tent of the Initial dissolution (vitrinite and exinite 
being totally soluble, inertinite partially so). The 
reflectance of the vitrinite is the parameter which 
best correlates with hydrocracking rate. 

This has practical implications with regard to coal 
preparation before liquefaction says Kimber. Modern 
dense phase media separators, although primarily 
aimed at minimizing mineral matter do have an ef-
fect on the concentration of macerals in different 
streams. Thus, in a commercial plant it is now 
possible to direct, to some extent, the macerals to 
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their most appropriate use. That is, the higher 
hydrogen content and more easily liquefied vitrinite 
can be sent to liquefaction with the inertinite sent 
to	 the	 utilities	 (a. g.,	 power	 and	 hydrogen
production). 

The major Incentive behind deep cleaning of coal for 
many processes, however, is to reduce the subse-
quent solid/liquid separation stage. When either dis-
tillation or assisted settling is used then a slurry is 
discharged from that stage with a solids content of 
about 50 percent. Thus the proportion of the coal 
liquids in this reject stream is proportional to both 
the mineral matter and undissolved coal contents. 
The amount of coal liquids in the reject stream from 
filtration, on the other hand, Is very much lower 
because the solids content of that stream Is 
90-95 percent.	 Thus the LSE process,	 which 
uniquely uses filtration,	 is less sensitive to the 
mineral matter content of the coal. 	 British Coal's
work on filtration concludes that: 

- The efficiency of retention of micron sized 
particles on robust wide aperture screens is 
high enough to give filtrates suitable for 
catalytic hydrocracking. 

- The properties of the filter cake are more 
Important in determining the rate of filtra-
tion than the viscosity of the liquid. 

- The in situ renovation of filter media has 
been achieved during the operation of filters 
of substantial size over many cycles. 

Another advantage of coal cleaning is that the 
removal of mineral matter enables non-exotic con-
struction materials to be used in the plant because 
erosion Is minimized. High pressure differentials in-
crease the need for exotic materials of construction. 
In this respect the LSE process, with Its moderate 
first stage pressure and lack of solids in the feed 
to the second stage, has a unique advantage over 
other processes currently under development. 

Kimber says the reason for the LSE Process being 
able to operate its first stage without high pressure 
hydrogen gas Is the quality of its recycle solvent. 
An adequate concentration of hydrogen donors en-
suits a high level of dissolution of the coal; this is 
controlled by careful choice of operating conditions 
in the second stage plus the ability to trim the sol-
vent if it shows signs of over or under hydrogena-
tion, e.g., by saturate cracking or mild hydrogenation 
respectively. 

Most other process developers now recognize that 
good solvent quality is desirable even when using 
hydrogen gas and catalyst at high pressure in the 
first stage. During the crucial early stages of coal 
reaction only the solvent Inside, or very close to 
the surface of, the coal particles can provide ade-
quate hydrogen for radical termination.

TRANSPORT MODE HYBRID IGCC SYSTEM DESCRIBED 

Under United States Department of Energy funding, 
the M.W. Kellogg Company has been investigating 
hybrid combined power cycles. As described to the 
Power-Gen 89 Conference in New Orleans in Decem-
ber, a hybrid combined cycle involves partial 
gasification of coal to produce a fuel gas, coupled 
with combustion of char in a separate combustor. 
The fuel gas produced in the gasifier is mixed with 
the flue gas from the combustor and with additional 
air and is burned In a gas turbine. The use of 
both gasifier and combustor in the design Is intended 
to capitalize on the unique advantages of each of 
these technologies. 

In first generation pressurized fluidized combustion 
systems, coal is burned completely in a single com-
bustor, typically in a fluid bed in the presence of 
limestone and at 1,550-1,650 0 F. Low combustion 
temperatures are maintained to maximize sulfur 
retention by the limestone and to reduce NO emis-
sions. However, the thermal efficiency of te gas 
turbine cycle, and ultimately of the overall combined 
cycle, at this temperature level Is substantially 
lower than can be achieved with most of the high 
temperature equipment available today. 

The alternative is coal gasification. In a gasifica-
tion based combined cycle, the coal is gasified and 
then the gas burned in the gas turbine combustor. 
In this two-stage operation, the temperature of the 
second stage can be varied to take advantage of 
higher temperature gas turbine designs. 

Hybrid PFBC Cycle 

The coupling of partial gasification and char com-
bustion is referred to as a "hybrid' cycle. Coal is 
partially converted in the gasifier and the resulting 
char is burned in the combustor. The use of pres-
surized fluidized beds in this hybrid cycle takes ad-
vantage of a gasifier which produces sufficient fuel 
to operate the gas turbine at whatever temperature 
results in the best overall cycle efficiency. 

In advanced pressurized fluidized bed combustion the 
coal and limestone are fed to the gasifier where the 
coal is partially gasified and the limestone is cal-
cined and reacts with sulfur released from the coal. 
Limestone is used as the sulfur sorbent both in the 
gasifier and the combustor. The calcium in the 
limestone acts not only as a sulfur sorbent in the 
process but also catalytically improves the gasifier 
reaction rates.	 The improvements in reaction rate 
in conjunction with the need for only partial 
gasification result in a smaller, less expensive 
gasifier. The unconverted coal, or char, containing 
all the ash and the partially spent limestone then 
flows to the char combustor where combustion com-
pletes the char conversion. The balance of the sul-
fur is released as SO2 and absorbed, and calcium 
sulfide formed In the gasifier is oxidized to calcium 
sulf ate. The Inherently high reaction rate of the 
combustor permits complete combustion of the char 
in a reasonable size reactor even when operated at 
temperatures where sulfur capture Is maximized. 
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The fuel gas produced in the gasifier Is sufficiently 
sulfur-free that further sulfur removal is not an-
ticipated.	 The flue gas from the char combustor 
also Is similarly low in sulfur. These two streams 
are separately filtered to remove residual particulate 
and then are combined in the gas turbine topping 
combustor. 

Hot, high-pressure air from the gas turbine air com-
pressor is	 divided into	 two streams,	 about
30 percent flows to the gasifier and char combustor 
through a booster compressor, and the balance flows 
to the gas turbine combustor. Gases from this top-
ping combustor pass directly through the gas turbine 
and heat recovery steam generator and finally to 
the stack as shown in Figure 1. 

FIGURE 1 

HYBRID ADVANCED PFBC 
COMBINED CYCLE 
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To further maximize the performance of an advanced 
pressurized combined cycle, M.W. Kellogg has been 
studying the use of transport reactors as opposed to 
the bubbling and circulating fluid beds being studied 
by others. 

As described by Kellogg, the transport reactor has 
characteristics substantially different from the more 
conventional bubbling-bed and circulating fluidized-
bed systems. The transport reactor is a high 
velocity reactor which achieves very rapid reaction 
rate by using pulverized coal and limestone in place 
of the larger particles used in typical fluid bed sys-
tems. An average coal particle size of 50 microns 
and a limestone particle size of 60 microns has been 
used. These pulverized feedstocks provide sig-
nificantly more reaction surface than the minus 
0.25-inch (6,000 microns) particle size typical of 
other fluidized beds. 

Particle size has a substantial effect on carbon con-
version in the transport gasifier but is not so sig-
nificant in the combustor.

Another feature of the transport reactor is that a 
wide range of south circulation rates can be im-
posed on the system. By recirculating the mixture 
of char, ash and sorbent the reactor temperature is 
stabilized, unconverted coal and/or char is exposed 
to fresh oxidants, and the sulfur released from the 
coal and/or char is exposed to a very large amount 
of sorbent.	 The result is high sulfur removal and 
high sorbent utilization. Solids circulation is driven 
by the difference in density of the fluid in the 
riser and that in the standpipe. At the inlet to the 
gasifier riser the fluid density is maximum, decreas-
ing as the coal devolatilizes and gasifies.	 As the
solids circulation rate is increased the density of 
the fluid in the riser increases. The circulation 
rate is controlled by using more or less aeration gas 
in the inclined solids leg leading to the reactor. 
The circulation rate through the char combustor 
steam generators is controlled in a similar manner. 

The circulation rate of the coal or char and sorbent 
is very high providing much longer residence time 
for the solids than for the gas phase. In the 
gasifier, the circulation is set to achieve the re-
quired coal conversion and sulfur removal. 	 In
Kellogg's conceptual design the single pass residence 
time in the gasifier is about three seconds. In the 
combustor the circulation rate is set to absorb the 
heat of combustion and limit the temperature range 
of the reaction.	 The residence time is about two
seconds. 

Neither the transport gasifier (Figure 2) nor the 
transport char combustor (Figure 3) has any heat 
transfer surface in the high velocity riser section of 
the reactor. The gasifier Is operated as an 
adiabatic reactor requiring no net heat removal. 
Temperature or conversion level Is controlled by ad-
dition of more or less air to the system. The 
amount of char converted in the gasifier Is set such 
that the conversion of the remainder In the char 
combustor satisfies the steam system heat balance. 
In the char combustor, the exothermic heat of com-
bustion Is removed from the circulating solids by 
boiler coils tied to the disengager vessel where 
there is no reaction taking place. 

Be1ine Came Second Generation Plant 

In order to maintain an efficient high 
pressure/temperature steam system Kellogg elected to 
operate at the 70 percent gasifier conversion level. 
This results in a well-balanced heat recovery steam 
generator and char combustor steam system and af-
fords considerable room for variation in coal feed 
properties. 

Kellogg's studies verify that the overall cycle ef-
ficiency Is improved by increasing the gas turbine 
inlet temperature as high as machine metallurgy will 
allow. Figure 4 shows the effect of gasifier con-
version and gas turbine operating temperature on 
overall combined-cycle efficiency. In this study, the 
turbine inlet temperature selected is 2 1450 0 F. The 
interaction of gasifier conversion level and gas tur-
bine inlet temperature on the steam balance is mdi-
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cated by the change In inflection In the high con-
version curve in Figure 4. 

FIGURE 2

perature of 2,450 0 F.	 The steam turbine generator 
capacity which matches this gas turbine also 
produces about 150 megawatts electrical.	 This
results in a module capacity of 300 megawatts 
electrical. Using this approach the baseline case 
with two V84.4 gas turbines has a calculated cycle 
efficiency of 47.1 percent. 

THE TRANSPORT GASIFIER 

The selection of the gas turbine Is the key element 
in determining the modular plant size. The gasifier 
and char combustor must be sized to match the 
needs of the gas turbine. In this study, the United 
Technologies' model V84.4 was selected. This 
machine has a nominal net generator capacity of 
150 megawatts electrical and a turbine inlet tem-
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Kellogg concludes that the use of transport mode 
reactors in a hybrid combined power cycle is very 
practical.	 Combined cycle efficiency greater than 
45 percent car, readily be achieved. High sulfur 
removal and low NO x and CO emissions are expected 
without secondary sulfur removal or catalytic con-
vertors. The transport reactors operate at higher 
velocities than conventional reactors resulting In 
smaller modules with greater capacity than other 
air-blown gasification systems. 

The combination of design and controllable operating 
parameters In the transport reactor system affords 
substantial flexibility in the hybrid combined cycle 
plant. Within limits, gasifier conversion level can be 
varied to accommodate a wide range of coal feed 
properties and plant capacity by shifting heat be-
tween the gas turbine and the steam turbine sys-
tems. 
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INTERNATIONAL 

TWO-STAGE PYROLYZER/GASIFIER TESTED IN CHINA 

A pilot-scale Two-Stage Fluidized Circulating 
Pyrolyzer/Gasifier (TFCPG) has been developed in 
China for use at a ceramic factory. A 40 ton per 
day demonstration plant is planned to be built in 
1990.	 This project was described in a paper 
presented at the 1989 Pittsburgh Coal Conference. 

Due to the increasing use of mechanical mining 
machines in China, more and more fine coal will be 
available. Therefore the TFCPG can use the fine 
coal to produce fuel gas for industrial purposes. 
Town gas or natural gas Is being used more and 
more In the kitchens of Chinese homes. For remote 
factories, the TFCPG can produce gas at the same 
time which will be used by the families of stairs 
and workers who live in apartments at the factories. 

Proce Diriptiai 

Fine coal is fed by screw-conveyor into the 
pyrolyzer which has a heater on the external sur-
face (Figure 1). In the pyrolyzer fine coal is 
fluidized by superheated steam/air which also serves 
as a gasification agent. Fine coal circulates several 
times in the pyrolyzer until pyrolysis can be com-
pleted. Its operating temperature is about 700 0 C to 
800°C. The semi-coke Is gasified in the gasifier. 
In the gasifier, further heat Is liberated by combus-
tion and the operating temperature Is about 1,0000C 
to 1,1000C. 

Exhaust flue gas from the external surface heater of 
the pyrolyzer passes into a heat exchanger and 
heats air and saturated steam. The saturated steam 
is superheated to 250 0C to 300 0 C at two kilograms 
per square centimeter pressure. Then the super-
heated steam and air are supplied to the pyrolyzer 
and gasifier as fluidizing and gasification agents. 

The structure of the pyrolyzer Is that of an inside 
circulating bed. The gasifier is a standard fluidized 
bed. 

In the gasifier the ash of the gasified semi-coke is 
drained through the ash ejector. As described by 
the Chinese authors, the ash at a temperature of 
about 1,000°C to 1,100 0C Is transported into a 
hot -blast stove where the carbon content of the ash 
Is further reduced. From the hot-blast stove, 
produced flue gases at a temperature of about 
1,000 0C are supplied to the external surface heater 
of the pyrolyzer. 

Dust-laden raw gases leave the pyrolyzer and 
gasifier at their tops. Each apparatus is equipped 
with two cyclones separately to separate the solid 
particles from the gases. The two streams of raw 
gas from the second-stage cyclones mix and enter 
the pipeline. The temperature of the mixed gas Is 
about 300 0C to 400 0 C and It is ready to be supplied 
to stoves and furnaces as fuel.

FIGURE 1 

PYROLYZER / GASIFIER PILOT PLANT 
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Another feature of the system is that the greater 
part of the sulfur Is removed by dolomite in the 
pyrolyzer and stays in the solid state. There is no 
tar in the gas. 

The heating value of the gas produced by the 
pyrolyzer Is high enough (Lil y approximately 10.5 to 
12.6 megajoules per cubic meter) and CO content Is 
lower than 15 percent, so that it may be used by 
families of staffs and workers as town gas. 

A pilot plant consuming about 300 kilograms of coal 
per hour was tested in 1988. 

A typical raw gas volume composition range from 
the TFCPG pilot plant contained seven to 15 percent 
CO, 17 to 24 percent 1121 5.4 to 9.6 percent CH,, 
0.2 to two percent C n H ml for different coals. 

The raw gas output of bituminous coal Is about 
0.7 cubic meters per kilogram of coal from the 
pyrolyzer and about 2.2 cubic meters per kilogram 
of coal from the gasifier. 	 A total efficiency of 
gasification of 67 percent was achieved. 	 Total 
thermal efficiency was 75 percent. 
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At present the equipment of the pilot plant can 
supply an adjacent ceramic kiln with enough fuel to 
produce 180,000 pieces of building ceramic.

CIVOGAS Process deals with the generation of low 
BTU gas and the CIGAS Process deals with the 
production of medium BTU gas. The transference of 
these processes to industry depends on gas cleaning, 
i.e., more specifically, it depends on achieving gas 
desulfurization. 

According to the results of tests in the pilot plant, 
the gas production cost Is shown in Table I. 

A demonstration plant with a capacity 40 tons of 
coal per day will be built for use by a ceramic 
factory. According to the plan it will be put into 
operation by the end of 1990. A further develop-
ment plan will then be decided on, depending on the 
operating results of the demonstration plant. 

The design of the process is for medium or small 
factories to use, not intended for larger sizes, but 
suited to practical conditions in China. 

TABLE 1 

ANNUAL TFCPG OPERATING AND GAS OUST
FOR TI -MA (XML

(Based on Data In 1988, 325 day/year Operating) 

Mean Annual 
Consumption I4B (Yuan) 

Fuel 
Coal	 (Metric Ton) 3,120 103,000 
Coal Transport -- 31,200 

Electricity (kWh) 351,000 203,600 
Steam (Mt) 1,170 27,000 
Process Water (Mt) 7,800 1,560 
Labor -- 10,800 
Maintenance -- 10,000 

Total Coat -- 387,160 

Gas Cost (Per 1,000 
Normal Cubic Meter) 62

BRAZIL'S CIENTEC STUDYING DESULFURIZAIION DURING 
COAL GASIFICATION 

Research and development work in coal conversion, 
fluidized combustion, fluidized gasification and 
fluidized pyrolysis has been performed at CIENTEC - 
Fundacao de Ciencia e Tecnologia (Science and Tech-
nology Foundation), Brazil. A paper by L.S. Ferret 
at the 1989 Pittsburgh Coal Conference outlined the 
work Involving desulfurization. 

For fluidized combustion (CICOM Process) limestone 
was added to the reaction bed to capture sulfur 
(internal desulfurization). The CICOM Process was 
transferred to industry, which markets furnaces for 
hot gas generation and steam boilers. 

For fluidized gasification two processes are being 
developed, the CIVOGAS and CIGAS Processes. The

Two desulfurization techniques were selected for 
study: 

- In bed desuifurization:	 by adding limestone 
to the bed reaction; 

- External desulfurization: by passing the gas 
through a fixed or fluidized bed of limestone 
or sponge Iron (gasification only). 

Deaulfurlzatioa in Combustion Process 

The addition of limestone to the bed reaction to 
capture the 502 was selected to be tested in the 
fluidized combustion of low rank coals. 

Internal desuifurization in combustion tests were 
made in a bench scale fluidized bed reactor, with 
20 kilograms per hour capacity. It was fired with 
refuse of Leao coal and dolomite limestone as the 
desulfurization agent. With a calcium to sulfur ratio 
of two, less than 15 percent of the original sulfur 
evolved with the combustion gases. 

Dosulfuñzatlai In Gasiticatim. Process 

Internal desulfurization in the coal gasification 
process Is being developed before the external desul-
furization technique because it is considered techni-
cally more attractive. 

Through the action of heat, the limestone is calcined 
forming CaO that reacts with the H 2S produced in 
gasification, resulting in CaS. The capture of sulfur 
by the CaO in gasification is more favorable than in 
combustion. This is because the CaS molecule is a 
little larger than CaO and a little smaller than 
CaCO 3 and much smaller than the CaSO 4 formed in 
combustion. This diminishes the possibility of the 
absorbent pores being obstructed and consequently 
promotes 112S diffusion in the core of the particles. 

Another favorable factor of this technique according 
to CIENTEC is that in gasification only 60 percent 
of the sulfur evolves with the resulting gases. 
Therefore for the same Ca/S ratio, the CaO + 1125 
reaction Is more complete than the CaO + 
reaction, and it Is expected that 90 percent of the 
sulfur can be captured in the CaS form, when the 
ratio Ca/S is equal to three. 

The internal desulfurization tests in gasification were 
made in a bench scale, fluidized bed reactor, with a 
15 kilograms per hour capacity and with air and 
steam as gasification agents (see Figure 1). Leao 
coal and limestone were used. 

Tests were conducted without and with 10 percent 
(weight) of limestone in the coal. 
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FIGURE 1
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The temperature Interval varied from 1,100 to 
1,200 0K and the sulfur evolution as 1128 never ex-
ceeded 10 percent of the initial sulfur (from the 
original coat). 

Fubire CcnsjthztIcgis 

In 1990, CIENTEC intends to test external desul-
furization of the gas generated by low rank coals. 
Also a survey on desulfurization in pyrolysis, using 
in bed desulfurization, will be made. 

CIENTEC says its work Is leading to the right way 
to utilize the main alternative energy resource in 
the South of Brazil, coal, in a combined cycle to 
produce electricity.

PLANS LAID FOR ENTRAINED FLOW IGCC 
DEMONSTRATION IN EAST GERMANY 

A presentation by H. Meyer of Deutsche Babcock 
Werke AG, Federal Republic of Germany at the 1989 
Conference on Technologies for Producing Electricity 
in the Twenty-First Century focused on the firm's 
activities with respect to integrated gasification 
combined cycle (IGCC) systems. 

Deutsche Babcock had committed itself for many 
years to the development of an advanced coal 
gasification system, combined entrained flow 
gasification in the top of the system with fluidized 
bed gasification in the lower part of the reactor. 
Together with some other industrial partners the COT 
test facility (Carbon Gas Technology) at Hunxe near 
Oberhausen,	 Federal Republic of Germany Was 
operated from 1983 to 1986. This plant had a 
capacity of two tons per hour of coal consumption. 
The idea was to produce syngas by fluidized bed 
gasification and at the same time gasify the fines in 
a second stage entrained flow gasification in the 
same vessel.	 The unit was tested for several
thousand hours on an oxygen blown basis with 
bituminous coal. 	 Very good results have been ob-
tained for base load operation. When synfuel ap-
plication was no longer discussed on the market, the 
development of the system was stopped and instead, 
license agreements signed with other partners. 

Since the early seventies Deutsche Babcock has been 
engaged together with other partners in development 
of the Texaco entrained flow gasification system. 
Also Ford, Bacon & Davis in Utah, built a pilot plant 
for entrained flow gasification. Ford, Bacon & Davis 
Is now completely owned by Deutsche Babcock. The 
pilot plant was completed in 1982 and testing com-
pleted in 1983. 

After It became clear that coal gasification for the 
near future was only expected to be applied in 
power generation units, Deutsche Babcock engaged in 
license agreements for entrained flow gasification 
with Gaskomblnat Schwarze Pumpe (GSP) of the Ger-
man Democratic Republic. 

GSP Gualfhmtbm Development 

In 1976 GSP started the development of a new 
gasification technology for synfuel production. Gas-
kombinat Schwarze Pumpe is one of the leading 
companies in the German Democratic Republic for 
production of coal based fuels and syngases. After 
analyzing the experiences gained worldwide by that 
time with different coal gasification processes, the 
system parameters for the new gasitidation system to 
be developed were defined as follows: 

Entrained flow gasification system to be 
oxygen blown, 
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- Dry fuel input by a continuous pneumatic 
feeding system, 

- Vertical mounted gasifier with membrane wall 
cooling, 

- Gasifier with roof mounted firing equipment 
and liquid slag discharge in parallel with fuel 
gases at the gasifier bottom. 

The process was developed by the Brennstoffinstitut 
Freiberg (Fuel Research Institute of Freiberg), which 
is part of Gaskombinat Schwarze Pumpe. The 
Institute's facilities contain a small gasification test 
unit for throughput of 100-300 kilograms fuel per 
hour at a pressure of 40 bar. 

The pilot tests were conducted up to 1980 in the 
Fuel Research Institute of Freiberg. The equipment 
Is still available for research and development work 
improving the technology. 

The GSP entrained flow gasification system uses a 
dry coal feed system. The pulverized coal is dried 
and fed into the storage bin and from there led to 
two pressurized lockhoppers. These lockhoppers are 
operated alternatively. Through a rotary feeder the 
pulverized coal flows continuously into the final 
feeding lockhopper.	 In the bottom of this vessel

there Is a partial area of fluidized bed from where 
the delivery lines to the reactor are fed. The 
fluidizing and transport gas are identical and several 
lines can be fed from the same bed simultaneously. 
The system has demonstrated its usefulness and 
reliability in more than 45,000 operating hours in 
full industrial scale. 

The gasification reactor is cooled by membrane walls 
with wall cooling tubes that are studded and carry 
a special refractory material. 

In the pilot plant facility, coals from all over the 
world have successfully been gasified, ranging from 
anthracite coal to hard lignite and to brown coal. 

Commercial Scale Demonstratkm Plant 

After completion of the pilot plant tests, a commer-
cial scale demonstration plant was placed into 
operation in December 1983. After finalizing the 
test phase, this unit has operated since 1985 as a 
commercial gasification plant at VEB Gaskombinat 
"Fritz Silbmann" Schwarze Pumpe, German Democratic 
Republic. Figure 1 shows a schematic diagram of 
this plant, which has a nominal gasification capacity 
of 50,000 cubic meters of raw gas per hour with a 
coal feed of 30 tons per hour.	 The coat feeding
system, the gasifier with the downstream quench as 

FIGURE 1 

GSP FULL SCALE TEST AND DEMONSTRATION PLANT 
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well as the gas scrubbing systems are shown on the 
diagram. For application of this gasification system 
in integrated combined cycles the quench system will 
be substituted by a heat recovery system, consisting 
of radiant cooler, followed by a convective cooler 
as described earlier. 

Combined Cycle Power Plant with (ISP Gasifier 

Deutsche Babcock notes that a decisive precondition 
for the success of a new technology on the market 
is the successful operation of an appropriate 
demonstration plant. As there is practically no need 
for additional power on the market of the Federal 
Republic of Germany, new plants are not expected 
to be placed into operation until the mid to late 
nineties. Therefore, when the license agreement was 
concluded between Deutsche Babcock and the German 
Democratic Republic (GDR) authorities, it was stipu-
lated that an appropriate demonstration power plant 
should be constructed whenever possible in the GDR. 
Present planning assumes that the demonstration 
plant consisting of a combined cycle with entrained 
flow gasification will be erected on the premises of 
Gaskombinat Schwarze Pumps. The already existing 
gasification plant will be integrated into the new 
power plant section. Additional planning includes: 

- Supply of pulverized coal from the existing 
briquetting plant, 

- Integration of 02 and N 2 supply, slag and 
waste water disposal, as well as make up 
water delivery to the existing systems and, 

- Integration of the water/steam system of the 
combined cycle power plant into the existing 
steam system of the coal processing plant. 

- In emergency cases the combined cycle power 
plant can be operated with natural gas firing 
in order that the coal gasification plants can 
additionally be used for production of town 
gas.

Figure	 2	 shows	 a	 simplified	 flow	 diagram of	 the 
planned	 combined	 cycle	 power plant.	 The	 gross 
electrical	 output	 is	 about	 175 megawatts. It	 is 
supplied	 by	 two	 gas	 turbines, each with a nominal 
output	 of	 about	 56	 megawatts and by	 one steam 
turbine	 with	 about	 63	 megawatts. The existing 
gasifier	 train	 at	 Gaskombinat Schwarze	 Pumpe is 
producing	 50,000	 cubic	 meters per hour of raw gas 
and will be integrated into the demonstration power 
plant.	 Another	 gasifier	 train of the same capacity 
will	 be	 added.	 The	 existing gasifier	 is equipped 
with	 a water quench and the new	 gasifier will	 be 
provided with a waste heat recovery system. 

The raw gas in the new	 gasification train is	 cooled 
by radiant	 cooler from about 1,600 0 C to	 650 0 C. In 
a downstream raw gas/clean gas heat exchanger the 
raw	 gas will be further cooled down from 650 0 C to 
about	 300°C	 and	 at	 the same	 time the clean gas 
from	 both	 gasifiers	 is	 preheated	 from 200 0 C to 
400 0 C	 at	 the	 combustion	 chambers	 of	 the gas	 tur-
bine.

Final cleaning of the raw gas to a dust content of 
less than five milligrams per cubic meter is effected 
by venturi scrubbers. For desulfurization of the raw 
gas, standard processes used in the chemical industry 
are selected. 

The gas turbine inlet temperature Is 1,130 0C. This 
results in an exhaust gas temperature downstream of 
the gas turbine of about 560 0 C so that normal live 
steam temperatures can be achieved in the waste 
heat boilers. The waste heat boilers work as dual 
pressure boilers in the natural circulating mode. 
They cool the flue gases down to 1250C. 

According to the present installation concept the 
gasifier structure is about 53 meters high which Is 
the maximum height of a component of the combined 
cycle power plant. 

PROPOSAL PRESENTED FOR FUTURE EUROPEAN UCG 
DEVELOPMENT 

At the International Underground Coal Gasification 
Symposium held in Delft, The Netherlands, last fall, 
several speakers discussed a conceptual plan for fu-
ture European work on underground coal gasification 
(UCO). 

In April 1988, with encouragement and support from 
the Commission of the European Communities (CEC), 
six countries joined in the formation of a European 
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Working Group on Underground Coal Gasification: 
the Member States represented are Belgium, the 
Federal Republic of Germany, France, The Nether-
lands, Spain, and the United Kingdom. The group 
conducted a feasibility study of UCG in Europe and 
has made proposals for a future Community UCG 
project. 

A program of development to implement UCG in 
Europe on a commercial scale is suggested over a 
15 year period. The first phase of this program 
comprises two field trials and supporting research at 
an estimated cost of approximately 40 million ECU 
over a period of seven years. 	 The trials will use
directional and in-seam drilling for initial gasifier 
construction. The first trial will be at a depth of 
about 600 meters, a significant increase In depth 
over that of successful UCG trials by In-seam drill-
ing in the United States. it will give confidence in 
the transfer of techniques from shallow UCG and in 
the employment of new techniques for European 
conditions: the trial will be at a depth representa-
tive of some European coals and is an important in-
termediate step for the second trial at greater 
depth, about 900 meters, typical of many coals in 
Northern Europe. Potential sites for the two trials 
have been identified: sites in Spain and France are 
attractive for the first test and sites in the United 
Kingdom, Belgium and elsewhere could meet the 
criteria for the second test. 

The Working Group feels that the cost of develop-
ment of UCG is small in view of its potential and 
in comparison to the costs of development of alter-
native energies; and sufficient knowledge Is available 
within the Member States to execute a successful 
development program. 

Objectives of the Program 

The main objective of the development program is to 
demonstrate the feasibility of UCG at commercial 
scale in typical European coal seam for the produc-
tion of a gas suitable for electricity generation or 
conversion to products such as fuel gas or methanol. 

This	 will	 involve	 a	 number of	 technical	 objectives 
Including: 

-	 Determining	 operational parameters	 such	 as 
reactor	 life,	 sweep	 efficiency,	 gasification 
efficiency	 etc.	 for different	 gasification 
scenarios, 

-	 Developing	 an	 in	 situ and	 laboratory	 ex-
perimentation data base necessary to validate 
computer	 models	 and to	 design	 future 
processes, 

Strategy and Seepe of the Program

Considerable knowledge has been acquired of UCG at 
shallow depth worldwide and some of this can be 
adapted and extended to European conditions. 
However, major changes of process behavior are an-
ticipated as depth increases and shallow UCG tech-
nology is either not proven at great depth or not

applicable. Analysis of the present state of 
knowledge has identified the main areas of uncer-
tainty and non-proven technology, both technical and 
economic, as the following: 

- Special surveying methods in connection with 
drilling, 

- Demonstration of drilling a long distance in a 
relatively thin deep coal seam by deviation 
of a well from the surface, 

- Establishment of a gas flow circuit by con-
nection of an in-seam hole to vertical wells, 

- Demonstration of the gasification of large 
quantities of coal with or without CRIP, 

- Feasibility of filtration gasification at great 
depth, 

- Environmental aspects. 

The two field tests have to be followed by a pilot 
plant with all the main technical features of a full 
size UCG plant, and finally by a demonstration plant, 
which represents the last step of development and 
the first step of commercialization. All these steps 
will have to be supported by laboratory and model-
ing activities in order to contribute to the solution 
of problems and reduction of risks encountered in 
the field. Finally the modeling activities will enable 
an extrapolation of the results of a specific field 
test to other locations. 

The Working Group believes that the total develop-
ment of UCG can be performed in about 11 years, 
and including commercial demonstration, the UCG 
technology could be Introduced into the energy 
market of the European Community in a timescale of 
about 15 years. 

Field Trial Program 

The objective of the field trial program is to 
demonstrate the technical feasibility of the process. 

A possible well configuration would have three 
process wells comprising: 

- An injection well, directionally drilled to 
achieve a horizontal length of 
100-200 meters in the coal seam, 

- A vertical production well connected to the 
injection well, 

- A third well directionally drilled to achieve 
a horizontal in-seam section perpendicular to 
the first well. 

A gasification program for such a layout could com-
prise the following: 

- Operation of an initial elementary gasifier by 
ignition of the coal at a point in the 
horizontal in-seam section at a relatively 
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short distance from the position of the ver-
tical production well, 

- Development of this gasifier by sustained 
operation to determine maximum lateral ex-
tension, 

- Execution of a CRIP maneuver (Controlled 
Retraction of Injection Point), retraction 
length dependent on lateral extension of 
elementary gasifler, 

- Resumption of gasification after retraction of 
injection point, 

Further CRIP steps, if necessary, to achieve 
lateral coal conversion over the complete 
in-seam section of the injection well, 

- Filtration gasification via Injection through 
the second in-seam well, using the initial In-
jection well as a collector (in the event of 
inadequate lateral extension following previ-
otis steps). 

Overall Time Schedule 

The total 11-year development can be split Into 
three phases: 

- Phase I: field experimentation 
- Phase II: semi-commercial pilot plant 
- Phase Ill: commercial demonstration

Phase I of the proposed program consists of field 
tests I and II. This phase is estimated to cover a 
duration of about seven years. After finishing the 
first field test at the end of the fourth year, a 
decision to continue the program must be taken 
depending on the results of the first field test. 

At the end of the second field trial, the economic 
evaluation will be revised. 

The cost of the first phase of the program including 
the two field trials, Is estimated at ECU 40 million. 

The Working Group said the costs of Phases II and 
Ill cannot be estimated accurately at the present 
time. They will depend on market prices of energy 
during the performance of these phases because both 
pilot and demonstration plants will produce salable 
products. 

The proposed program can only be financed as a 
joint European effort and with financial aid of the 
European Community. At the time of the symposium 
it was unclear whether such support would be 
forthcoming. 

The German coal Industry has canceled membership 
and payments for K2G as of January 1, 1990 and it 
appears that it a joint European program on IJCG 
development is to be started in the near future it 
will have to be done without German participation 
and contribution. 

S
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RESOURCE 

DO! PROPOSES NEW REGULATIONS FOR COAL PRODUCT 
VALUE 

In January, the Department of the Interior announced 
that it will propose to amend its rule for determin-
ing the value of coal,	 for royalty purposes, 
produced on federal lands. If the proposal Is 
adopted, federal coal lessees no longer would be 
permitted to deduct the costs of federal black lung 
excise taxes, abandoned mine lands fees and state 
and local severance taxes from the value of coal 
before computing royalties. According to Assistant 
Secretary D.S. O'Neal, "One of the most controversial 
Issues addressed in developing current regulations 
was whether these fees and taxes should be 
deducted from the value of coal before royalties are 
calculated." "Secretary Lujan, who took office 
shortly after the regulations were made final, com-
mitted to a full review of the issue and, if war-
ranted, a proposed change in the rule." 

During the first six months of the rule, the federal 
government lost $16.6 million in royalties, 50 percent 
of which would have been shared by the coal 
producing states. This amounts to a 15 percent 
decrease in coal royalty revenues. 

"After reviewing comments from public meetings and 
a statement from the Western Governors Association, 
we are proposing a return to the historic formula of 
computing royalties," O'Neal said. 

"This is a proposed rule, " O'Neal emphasized. "We 
will be seeking public comments on retaining or ex-
cluding any or all fees or taxes related to federal 
coal production." 

DO! SKI'S EIGHT PERCENT FEDERAL ROYALTY ON 
UNDERGROUND COAL 

The Department of the Interior's Bureau of Land 
Management (ELM) on January 26 published a final 
rulemaking in the Federal Register that establishes a 
fixed royalty rate of eight percent for underground 
federal coal leases. 

The final rulemaking amends existing ELM regulations 
by removing the provision that allowed BLM to 
determine a rate of less than eight percent, but not 
less than five percent, "if conditions warrant" for 
individual leases. 

The final rulemaking will become effective 30 days 
after publication in the Federal Register. It will be 
applied to all new underground leases when they are 
issued and to all existing federal underground coal 
ieases at the time of their next scheduled readjust-
ment under the Federal Coal Leasing Amendments 
Act.

The Interior Department's decision to review and 
change the regulations governing royalty rates for 
underground federal coal evolved from an April 1987 
ruling by the lath Circuit Court of Appeals in the 
case of Coastal States Energy Company versus ilodel. 
The court ruled that the Interior Department's use of 
an eight percent royalty rate for underground coal 
leases at the time of lease readjustment was 
reasonable. However, at the same time, the court 
also ruled that the Department must follow its exist-
ing regulations that allowed for establishment of a 
readjusted royalty rate between five and eight per-
cent, on a case-by-case basis, if conditions warrant. 

The rulemaking issued in January provides for a 
single consistent underground coal royalty rate. 
Temporary royalty rate reductions may be obtained 
under BLM's royalty rate reduction guidelines, as a 
means for providing relief from adverse economic or 
other conditions affecting recovery of federal coal 
reserves on specific leases. 

There are currently 312 federal underground coal 
leases. Of this total, 54 leases are producing ap-
proximately 16.2 million tons of coal annually, and 
provided $26.4 million in royalties in fiscal 
year 1989. Most federal underground coal production 
occurs in Utah and Colorado. 

POWDER RIVER RCT VOTES TO DECERTIFY; TO MEET 
IN APRIL 

The Powder River Regional Coal Team (RCT) last fall 
voted to "decertify," meaning that all five groups 
that oversee the federally owned coal are now 
decertified. The recommendation was published in 
the Federal Register, January 9, 1990. 

Under the new operating procedures, the system goes 
from government -initiated to operator-initiated leas-
ing. In the past, the Bureau of Land Management 
used the coal-activity-planning process, through the 
RCTs. 

The coal-activity-planning process usually took three 
or more years to complete. 

Having partially decertified, the Powder River RCT 
now will usually operate under the lease-by- 
application method. Firms will propose which tracts 
they want the ELM to consider for lease. 

Under the proposed operating procedures: 

- The RCT will remain intact and active. 

Most leases will be under the lease-by-
application method, however that approach 
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w ill be restricted to applications on rela-
tively small pieces, such as maintenance 
tracts that will expand the life of an 
operating mine. 

- Leases on new mine starts or large expan-
sions will be considered on a case-by-case 
basis. 

- Operating guidelines for lease-by-application 
will be prepared for the RCT's review and 
acceptance. 

Another significant aspect, is that leases will still 
be open to competitive bids. 

The decertification decision met with opposition from 
the Northern Plains Resource Council, the Powder 
River Resource Council and Indian tribes. The main 
complaint was a foreseen lack of scrutiny of en-
vironmental, social, economic and other effects. 

The Powder River RCT was the last of the five 
RCTs to take some sort of decertification action. 
The other four made the decisions within the past 
two years. 

The Powder River RCT will hold a public meeting on 
April 3, 1990, to: 

- Consider public comments to the draft opera-
tional procedures; 

- Adopt Powder River operational procedures 
for coal leasing-by-application; 

- Review charter revisions for the Powder 
River RCT to consider coal leasing-by-
application; 

- Review coal leasing-by-application status; and

- Review	 federal coal management issues In 
regional concern. 

The current charter of the RCT is due to expire on 
April 29, 1990. The current charter is being revised 
as part of the renewal process to allow the Powder 
River RCF to guide coal leasing via leasing-by-
application while the Powder River Region Is in a 
decertified mode or via activity planning should the 
region be re-established. The charter revision would 
resemble the existing Fort Union RCT charter for 
Eastern Montana and Western North Dakota as well 
as resemble the existing Green River-Hams Fork RCT 
charter for Southern Wyoming and Northern Colorado. 

Another key RCT action which will occur during this 
meeting will be the RCT's guidance of the prepara-
tion of the Powder River Coal Regional Round I 
Supplemental Final Environmental Impact Statement 
(EIS). The comment period on this supplement draft 
EIS closed on October 26, 1989. The RCT will 
review those public comments during this meeting in 
order to develop Its guidance for the supplemental 
final EIS preparation. This supplemental final £15 
will address the social, economic, and cultural im-
pacts to the Northern Cheyenne and Crow Indian 
Reservations. It will serve as a means for the RCT 
to recommend for Secretarial consideration whether 
or not the Round I leases In Montana should have 
been sold in 1982, and if so, what mitigation 
measures of Indian Reservation impacts should be 
added to those leases. This supplemental final £15 
and the RCT/Department review of Montana lease Is-
suance and attendant reservation mitigation is ar-
ranged in response to the May 28, 1985, decision of 
the United States District Court for the District of 
Montana and the Northern Cheyenne Tribe vs. Model 
litigation.

H" 
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RECENT COAL PUBLICATIONS / PATENTS 

RECENT PUBLICA'flONS 

The following papers were presented at the Power-Gen 89 Conference held in New Orleans, Louisiana, December 
5-7, 1989: 

llakkarinen, C., "Global Warming Scene--Everybody Talks About the Weather, But..." 

Gooder, B., "Options Available to Meet Acid Gas Limits and Selection of Preferred Options." 

D'Olier, R.D., "The Impact of California BACT and Air Quality Management Plan Requirements for Power 
Generation Facilities." 

Honk., D.L. et al., "Development of Hybrid Combined Cycle Power Generation Based Upon Transport 
Mode Reactors." 

Richwine, R.R., et a)., 'Reliability Expectations for Future Combined Cycle Power Plants." 

Guha, M.K., "Analysis of Capital Cost Increases of Coal-Fired Power Plants for More Accurate Predict-
ions of Future Costs of Clean Coal Technology Plants." 

Ruby, .1., "Fluidized Bed Combustion & Multiple Product Coal Cleaning Plants for Maximum S02/NOx 
Emission Reduction." 

Pell, J., "Clean Coal Technologies: The Clean Air Act Amendments and National Energy Strategy." 

Edwards, C., "Virginia Power's Capacity Acquisition Program." 

The following articles appeared In Energy & Fuels for January /February 1990: 

Sllveston, P.L., et a)., "Two-Step Gasification of Flash Pyrolysis and Hydropyrolysis Chars from Low-
Rank Canadian Coals." 

Redlich, P.J., et a)., "Comparison of the Structure and Reactivity of a Kansk-Achinsk Basin (USSR) 
Coal with Those of a Latrobe Valley (Australia)." 

Haynes,	 H,W., Jr.,	 "Alkali-Metal- and Alkaline-Earth-Promoted Catalysts for Coal Liquefaction
Applications." 

Solomon, P.R., at a)., "Cross-linking Reactions during Coal Conversion." 

Fletcher, T.H., et a)., "Chemical Percolation Model for Devolatilizatlon. 2. Temperature and Heating 
Rate Effects on Product Yields." 

Siemieniewska, T., et al., "Application of the Dubinin-Astakhov Equation to Evaluation of Benzene and 
Cyclohexane Adsorption Isotherm on Steam Gasified Humic Acid Chars from Brown Coal." 

Nishioka, M., et a)., "Test of the Proposed Two-Phase Model for High-Volatile Bituminous Coal." 

Larsen, J.W., et a)., "Solvent Swelling Studies of Two Low-Rank Coals." 

Mochida,	 I.,	 et al.,	 "Hydrogen-Transferring Liquefaction of an Australian Brown Coal with 
Polyhydrogenated Condensed Aromatics: Roles of Donor in the Liquefaction." 

The following articles appeared in Energy & Fuels, November/December 1989: 

Gibbins, J., at al., "Experimental Study of Coal Pyrolysis and Hydropyrolysis at Elevated Pressures 
using a Variable Heating Rate Wire-Mesh Apparatus." 

Frethaut, J.D., et a)., "Chemical Characteristics of Tars Produced in a Novel Low-Severity, Entrained-
Flow Reactor." 

Suzuki, T., et al., "Hydrogenation and Hydrogenolysis of Coal Model Compounds by Using Finely Dis-
persed Catalysts."
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Gray, M.R., et al., "Interactions Between Thermal and Catalytic Reactions in Mild Hydrocracking of 
Gas Oil.' 

COAL - PATENTS 

"Partial Oxidation Process," Mitri S. Najjar - Inventor, Texaco Inc., United States Patent Number 4,889,658, 
December 26, 1989: Synthesis gas is produced by the partial oxidation of a feedstock comprising a high silicon 
and sulfur-containing heavy liquid hydrocarbonaceous fuel and/or petroleum coke or tar sands having nickel and 
vanadium-containing ashes in admixture with a silicon and manganese-containing ash fusion temperature modifying 
agent in a vertical free-flow unobstructed reaction zone lined with a refractory which comprises in weight per-
cent:	 silicon-containing material about 95 to 99.8, iron oxide about 0.1 to 1.0 9 Al2 03 about 0.1 to 1.0, CaO 
about 0 to 0.4, and others about 0 to 1.2. In the reaction zone separate portions of said silicon and 
manganese-containing additives (1) combine with a portion of said Fe, Ni, and S to generate a first liquid phase 
washing agent which washes a portion of the high melting vanadium and oxide phases from the reaction zone, (2) 
combine with a portion of said Ni, Ca, Si, Al, Mg and Na and/or K to generate a liquid oxide-silicate phase 
that fluxes and washes substantially all of the remaining vanadium and other ash components, and (3) combine 
with a portion of the molten ash from the fuel and a minor portion of the refractory lining said reaction zone 
to increase the amount of said liquid oxide silicate phase and thereby enhance the removal of the vanadium 
from said reaction zone. By this method molten slag having a reduced viscosity and containing the nickel and 
vanadium-containing impurities from the feedstock and refractory components are readily removed from the gas 
generator. 

"Coal Agglomeration Beneficlation with Heavy Hydrocarbon Oils and Utilization Thereof in Coal/Heavy Oil 
Coprocessing," Edward C. Capes, Michio Ikura, James Kelly, Josef A. Mikhlin - Inventors, Minister of Energy 
Mines and Resources Canada, United States Patent Number 4,889,538, December 26, 1989. An improved process is 
described for agglomeration beneficiation of ground coal in which undiluted heavy oil or bitumen is used as the 
agglomerating vehicle. The ground coal, water and heavy oil or bitumen are fixed at an elevated temperature 
sufficient to tower the viscosity of the heavy oil or bitumen to a level permitting easy mixing and at an 
elevated pressure sufficiently high to prevent boiling of the water. This mixing causes agglomeration of the 
carbonaceous solids with the heavy oil or bitumen and the agglomerates obtained are separated from the tailings 
containing aqueous medium and inorganic solids. The separated agglomerates are preferably used with additional 
heavy oil or bitumen to form a slurry feedstock for a coprocessing unit. This provides a very efficient total 
process since the coal agglomeration beneficiation uses a portion of the same heavy oil or bitumen feedstock 
which is used for coprocessing and no additional hydrocarbon diluent is required. 

"Desulfurizing Agent and Process for Treating Hydrogen Sulfide Containing Gas, Coal Gasification System and 
Power Generation System Based on Coal Gasification Using the Desulfurizing Agent," Eiji Kids, Shuntaro Koyama, 
Tomohijco Miyamoto, Atsushi Morihara, Sadao Takahashi, Shigehito Takamoto, Jinichi Tomuro, Akio Ueda, Hisao 
Yamashita - Inventors, Babcock-Hitachi, Hitachi Ltd., United States Patent Number 4,884,396, December 5, 1989. 
The present invention provides a desulfurizing agent comprising a porous oxide carrier, at least one of molyb-
denum oxide and tungsten oxide as a first component, supported on the carrier, and at least one of manganese 
oxide, cobalt oxide and nickel oxide as a second component, supported mainly on the surface of the first com-
ponent. In a coal gasification system using the present desulfurizing agent and a power generation system using 
the purified gas therefrom, a reduction column for converting a portion of sulfur dioxide in the regenerated gas 
to hydrogen sulfide as a pretreatment means to a Claus reaction column can be eliminated when the desulfuriz-
lag agent is regenerated. Furthermore, in the present invention a desulfurizing agent capable of reacting with 
hydrogen sulfide to form a solid sulfur compound at a high temperature Is supplied to a gasification furnace and 
the resulting sulfur compound is withdrawn from the gasification furnace as molten slag together with ashes of 
fine coal powder, where desulfurization can be attained without a Claus reaction column and without a reduction 
column. Such desulfurlzation is likewise applicable to a coal gasification system and a power generation system 
based on the coal gasification. 

"Decaking of Coal or Oil Shale During Pyrolysis in the Presence of Iron Oxides," Rashid M. Khan - Inventor, 
United States Department of Energy, United States Patent Number 4,886,521, December 12, 1989. A method for 
producing a fuel from the pyrolysis of coal or oil shale in the presence of iron oxide In an inert gas atmos-
phere. The method includes the steps of pulverizing feed coal or oil shale, pulverizing Iron oxide, mixing the 
pulverized feed and Iron oxide, and heating the mixture in a gas atmosphere which Is substantially inert to the 
mixture so as to form a product fuel, which may be gaseous, liquid and/or solid. The method of the invention 
reduces the swelling of coals, such as bituminous coal and the like, which are otherwise known to swell during 
Pyrolysis, 

"Method of Treating Waste," Heribert Dewert, Heinrich Gresch, Heinz Halter, Heinrich lgelbuscher - Inventors, 
Bolter Heinz, United States Patent Number 4,886,000, December 12, 1989. Household garbage, municipal waste, 
clarifier sludge and mixtures thereof continuously derived during summer months, for example, can be continuously 
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mixed with a high volatile coat and the resulting mixtures subjected to degasification at a temperature of up to 
650°C, preferably around 600 0C to produce a coke-like pyrolysis product which can be stored sanitarily and 
burned during winter months in a fluidized bed or other power plant boiler. 

"Hydrogenation of Coal and Subsequent Liquefaction of Hydrogenated Undissolved Coal," Alfred C. Comolli, Edwin 
J. Hippo, Robert O'Brien - Inventors, URI Inc., United States Patent Number 4,879,021, November 7, 1989. A 
process for the hydrogenation of undissolved coal and subsequent liquefaction of the hydrogenated coal particles 
to provide useful hydrocarbon liquid products including naphtha, gasoline and diesel fuel. These low boiling 
hydrocarbon liquids are produced by the process comprising: (A) mixing solid coal particles with a coal derived 
solvent in a solvent/coal ratio ranging from about eight to one to about 1.5 to one to provide a flowable 
coal/oil slurry of solid coal particles; (B) passing the coal/oil slurry and hydrogen upwardly through a first reac-
tion zone containing a coal-derived liquid and bed of particulate catalyst maintained at a temperature ranging 
from about 400 0 to about 700°F and a hydrogen partial pressure of 100 to 2,000 psig for a time sufficient to 
hydrogenate the solid coal particles; and (C) withdrawing the coal/oil slurry having the hydrogenated coal par-
ticles from the first reaction zone and passing the coal/oil slurry to a second reaction zone containing a 
catalytic bed which is maintained at a temperature of between about 700 0 and about 850°F and a hydrogen par-
tial pressure of nine to 2,000 psig to liquefy and convert the coal to useful hydrocarbon liquid fuel products. 
The first and second reaction zones may Include the same or different catalysts such as Co/Mo on a porous sub-
strate, or the second reaction zone can include a noble metal such as platinum on a porous substrate such as 
alumina or silica. 

"Hydrogen Production with Coal Using a Pulverization Device," Leland FL Paulson - Inventor, United States Depart-
ment of Energy, United States Patent Number 4,876,080, October 24, 1989. A method for producing hydrogen 
from coal is described wherein high temperature steam is brought into contact with coal in a pulverizer or fluid 
energy mill for effecting a steam-carbon reaction to provide for the generation of gaseous hydrogen. The high 
temperature steam is utilized to drive the coal particles into violent particle-to-particle contact for comminuting 
the particulates and thereby increasing the surface area of the coal particles for enhancing the productivity of 
the hydrogen. 

"Process for the Production of High Density Jet Fuel from Fused Multi-Ring Aromatics and Hydroaromatics," 
Glen P. Hamner - Inventor, Exxon Research and Engineering Company, United States Patent Number 4,875,992, Oc-
tober 24, 2989. A process for the conversion of a feed rich In fused two-ring aromatic and fused two-ring 
hydroarornatic hydrocarbons, notably light cat cycle oil, furnace oils, coal liquids, tar sands liquids, shale oil li-
quids, and the like to high density jet fuels. Sulfur or nitrogen,, or both are removed from said feed and a 
hydrodesulfurized/hydrodenitrogenated liquid product separated therefrom is hydrotreated in a second stage over a 
highly active fluorided group VIII metal-on-alumina catalyst at conditions sufficient to selectively hydrogenate and 
saturate the fused two-ring aromatics and/or partially saturated fused two-ring hydroaromatics at high selectivity 
to naphthenes without any significant conversion thereof to lower molecular weight hydrocarbons. High density 
jet fuels having an API gravity ranging from about 25 to about 35, with a total aromatic content well below 
about 50 percent, preferably five percent to about 30 percent, are produced. 

"Partial Oxidation of Low Heating Value Hazardous Waste Petroleum Products," 	 Howard L. Apel - Inventor, 
Texaco Inc., United States Patent Number 4,875,906, October 24, 1989. Low heating value liquid hydrocar-
bonaceous and/or solid carbonaceous hazardous waste materials from the production, refining and marketing of 
petroleum products are destroyed without contaminating the environment while simultaneously gaseous mixtures 
comprising H 2+CO i.e., synthesis gas, reducing gas, or fuel gas are produced. From about 0.3 to 2.0 weight per-
cent of an anionic surface active dispersant and water (if needed) are mixed with the hazardous waste material 
to produce a first aqueous mixture. A comminuted solid carbonaceous fuel i.e., coal, petroleum coke is mixed 
with water and from about 0.02 to 1.00 weight percent of the dispersant to produce a second stable pumpable 
aqueous slurry. The first and second aqueous slurries are mixed together to produce a stable pumpable final 
blend aqueous slurry which Is reacted in a partial oxidation gas generator as the feedstock. It was unexpec-
tedly found that to achieve slurries with satisfactory rheological properties from mixtures of hazardous waste 
material and coal or coke slurries, it was necessary to add the dispersant to the coal/coke slurry as well as to 
the slurry of hazardous waste material before combining the two aqueous mixtures together. 

"Catalytic Two-Stage Coal Hydrogenation Process Using Extinction Recycle of Heavy Liquid Fraction," Alfred C. 
Comofli, James B. MacArthur, Joseph B. McLean - inventors, Hill Inc., United States Patent Number 4,874,506, Oc-
tober 17, 1989. A process for catalytic two-stage hydrogenation and liquefaction of coal with selective extinc-
tion recycle of all heavy liquid fractions boiling above a distillation cut point of about 600 0 to 750°F to 
produce increased yields of low-boiling hydrocarbon liquid and gas products. In the process, the particulate coal 
feed is slurried with a process-derived liquid solvent normally boiling above about 650°F and fed Into a first 
stage catalytic reaction zone operated at conditions which promote controlled rate liquefaction of the coal, while 
simultaneously hydrogenating the hydrocarbon recycle oils. The first stage reactor is maintained at 710 0 to 
800°F temperature, 1,000-4,000 psig hydrogen partial pressure, and 10-90 pounds per hour per cubic foot catalyst 
space velocity. Partially hydrogenated material withdrawn from the first stage reaction zone is passed directly 
to the second stage catalytic reaction zone maintained at 760 0 to 860°F temperature for further hydrogenation 
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and hydroconversion reactions. A 600 0 to 750°F plus fraction containing 0-20 weight percent unreacted coal and 
ash solids is recycled to the coal slurrying step. If desired, the cut point lower boiling fraction can be further 
catalytically hydrotreated. By this process, the coal feed is successively catalytically hydrogenated and 
hydroconverted at selected conditions, to provide significantly increased yields of desirable low-boiling hydrocar-
bon liquid products and minimal production of hydrocarbon gases, and no net production of undesirable heavy oils 
and residuum materials. 

Gasification Process," Walter L. Belts - Inventor, Shell Oil Company, United States Patent Number 4,874,397, 
October 17, 1989. Deposits of flyslag on the walls of a heat exchange zone employed to quench and cool syn-
thesis gas and flyslag particles produced from the gasification of coal may be reduced by (A) temporarily in-
creasing the flow rate of the synthesis gas and flyslag particles during the process to a space velocity of 
greater than at least 12 meters per second; or (B) after a shutdown or incident where flyslag is deposited, 
utilizing a space velocity of the synthesis gas and flyslag of greater than 12 meters per second for a time suf-
ficient to remove the deposits, and then utilizing flow rates which prevent or inhibit deposition of flyslag. 

"Method of Producing Fuel of Relatively Higher Calorific Value from Low Rank and Oxidized Coal," Edward C. 
Capes, Richard D. Coleman, Haresh S. Divanji, Josef A. Miichlin - Inventors, Canadian Patent and Dev. Ltd., United 
States Patent Number 4,874,393, October 17, 1989. Low-rank or oxidized coal is processed to produce fuel of 
relatively higher calorific value by conditioning a slurry of the coal with an electrolyte, and then agglomerating 
the carbonaceous portion of the coal using a coal derived agglomerating oil. Agglomerates may be first formed 
in a high shear mixer and then larger agglomerates formed In a low speed mixer. The agglomerates may be 
processed in a coal liquefaction plant and a portion of the coal derived oil produced in the plant used as the 
agglomerating oil. 

"Progressive Flow Cracking of Coal/Oil Mixtures with High Metals Content Catalyst," Oliver J. Zandona - Inven-
tor, Ashland Oil Inc., United States Patent Number 4, 872,971, October 10, 1989. Liquid fuel products are 
produced at least partially from coal by passing into a progressive flow catalytic cracking zone a mixture stream 
of coal and carbometallic oil, forming mobile hydrogen within said zone under conditions including vapor 
residence time of up to about 10 seconds, at 900 0 to 1,400 0 F, and total pressure of about 10 to about 
50 pounds per square inch absolute introducing said mobile hydrogen into said mixture stream; contacting said 
stream with zeolite cracking catalyst to produce liquid products while laying down coke on said catalyst; and 
separating said coked catalyst from said liquid products. 

"l'wo-Stage Coal Gasification Process," John P. Henley, Larry L. Lafitte, Stanley R. Pearson, Bruce C. Peters - In-
ventors, Dow Chemical Company, United States Patent Number 4,872,886, October 10, 1989. A two-stage upflow 
process for coal gasification and an apparatus useful therefor. An oxygen-containing gas and a first Increment 
of a coal-in-water slurry are Ignited in a horizontal fired slagging reactor by means of horizontal coaxial jux-
taposed burner nozzles mounted in the reactor, thereby converting the oxygen, the coal, and the water into 
steam and gaseous combustion products. The discharge from the fired reactor Is contacted overhead with a 
second Increment of coal-water slurry in a vertical unfired heat-recovery unit connected to the upper end of 
the reactor. The heat evolved in the reactor Is used in the heat recovery unit to convert the second increment 
of coal-water slurry into more steam, char and synthesis gas. The gas effluent is separated from the solid 
char, and synthesis gas is passed into a fire-tube boiler to recover heat and the cooled product gas is 
recovered as the desired fuel-rich product. The solid char is reslurried and recycled to the fired reactor for 
further combustion.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since December 1989) 

ADVANCED COAL LIQUEFACTION PILOT PLAWF - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-tO) 

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 - plant was to develop the SRC-I process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtra-
tion which was utilized initially in the plant and a Kerr-McGee owned unit was Stalled in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No.6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage liquefaction (ITSL) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes, (1) higher-quality distillable products art produced by mild hydroconveision, 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. 

fl'SL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gene r-
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the deashing step relocated downstream of the catalytic hydrotreatment. 
Results showed that previous improvements noted for the two-stage approach were achievable (no loss in catalyst activity). Lower 
product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was confirmed in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatrnent catalyst The nickel based catalyst (AMOCAT I-C) was 
developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substantially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat I-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active second stage 
catalyst 

Later results showed that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from one 
stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst cost 

Recent work emphasized identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. The Ohio coal run results suwst that deep cleaning of the coal prior to li-
quefaction an increase distillate yield by 7-8 percent. 

Current work using Amocat catalyst indicated the need to improve first stage stage reactor design. This led to modification of the 
L/t) criteria which resulted in increased productivity corresponding to improved mixing. This improvement was also demonstrated 
with low-rank (Powder River Basin) coal. Additional efforts regarding reactor optimization are required. 

Prolect	 t: Construction and operating costs (through calendar 1985): $97 million 
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STATUS OF COAL PROJECTS (Underline denotes changes since Decaiber 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AECI AMMONIA/METHANOL OPERATIONS - ABC LTD. (C-20) 

ABC operates a 100 ton per day methanol facility and a 1,OOD ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Toizek two-headed gasiflen 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 IC's low pres-
suit process, has been running since 197& The plant is operating very satisfactorily at full capacity. 

A fluidized bed combustion system has been commissioned at the plant to #ertome problems of ash disposal. The proposed sys- 
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AEC[ has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst The design of n 
commercial scale ethylene plant using this process has been completed. 

ABC 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 cam 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 technically but lacked economic 
feasibility, with the result that further work has been suspended. 

Project Cat Not disclosed 

AMAX/EMRC MILD GASIFICATION DEMONSTRATION - AMAX Universit y of North Dakota Enem y and Minerals Research 
Center (EMRC) (C-M) 

BEWAG 0CC PROJECT - BEWAG AG, Brown Boverl and Cie and Lurt (C-35) 

BEWAG AG of Berlin, in cooceration with Brown Boveri and at and Lust, has started to evaluate a oroject called "Erection and 
tcstinc of a 0CC based demonstration ttnt? 

The oroject's ultimate goal is the erection of a 180 megawatt nressunzed CFB combined cycle cower plant, with 40 megawatts ob-
tained from the ossification. and 140 me gawatts from the combustion section. 

As both sections may be onerated individually, the following cartition can be obtained: 180 MW on o peration of the total plant. 
100MW on ocematioqi of the combustion section only and 40 MW on oneratinc the gas turbine on oil or natural gas. 
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STATUS OF COAL PROJECTS (USed!m deantes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Continoed) 

BHEL COAL GASIFICATION PROJECT - Bharat Heavy Electricals Limited, Hyderabad, India (C-40) 

Bharat Heavy Electricals limited (BHEL), of Vikas Nagar, Hyderabad, India considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal capacity pilot scale Process and Equipment 
Development Unit (PEDU) has been built. 

RHEL as a manufacturer of power generation equipment has been involved in research and development activities related to ad-
vanced power systenm These include coal gas based combined cycles 

Ella's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coals The coals normally available for power generation are non-caking and have ash content in the range 2545 percent by weight. 
The coals have high ash fusion temperature in the range 1,523-1,723 degrees K. 

In the PEDU, coal is gasified by a mixture of air and steam at around 1,173 degrees K and at a pressure of 1.013 MPa 

Phase I of the Fluidized Bed Coal Gasification test program in the pilot scale plant is continuing. The plant was commissioned in 
the early 1989 and further test trials are in progress. 

In Phase U of the Fluidized Bed Coal Gasification Program, basic engineering of a demonstration scale up 150 lTD coal capacity 
gasification plant has been completed. This plant is scheduled for commissioning in 1991. A demonstration plant will be integrated 
with the existing 6 MW electrical gas turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed 

BHEL COMBINED CYCLE DEMONSTRATION PLANT - Bbarat Heavy Electrical limited, India (C-M) 

Rharat Heavy Electricals Limited (BHEL) of Hyderabad, India is carrying out a broad-based research program aimed at better and 
wider utilization of Indian coal resours. One phase of that program has involved building a small gasification combined cycle 
demonstration plant using a fixed bed coal gasifier. 

The Combined Cycle Demonstration Plant (CCI)?) is installed at the coal research and development complex of BHEL at Trichy. 
The net power generation capacity at full load is 6.2 megawatts. The COP scheme consists of an air-blown, fixed bed, pressurized 
coal gasifier, an industrial gas turbine firing the low-BTU coal gas, and a waste heat recovery steam generator behind the gas tur-
bine, which supplies a conventional steam turbine/generator. 

The plant was commissioned in March 1988 and has been in test operation since then. 

The test program on this plant is expected to be completed by December 1990. A comprehensive test program is underway for ex-
ploiting the moving bed gasification technology for commercialization. 

Project Cost Not disclosed 

BOTFROP DIRECT COAL LIQUEFACTION PILOT PLANt PROJECF - Ruhrkohle AG, Veba Oct AG, Minister of 

Economies, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech- 
nology of the Federal Republic of Germany (C-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raftmate oil were produced from 20, 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 syncnsde 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 
Ruhxkoble/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

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 was finished at the end of 1987. The plant capacity is 9 tons/hour of coal or alternatively 24 
tons/hour of heavy vacuum residual oil. The first oil-in' took place at the end of January 1988. Since then approximately 120,000 
tons of heavy oil have been processed. A convention rate over 90% and an oil yield of 85% have been confirmed. 

The project was subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost DM830 million (by end-1987) 

BRICC COAL LIQUEFACI1ON PROGRAM - Beiiinc Research Institute of Coal Chemistry - BRICC (C-681 

BRITISH COAl. LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle (C-T) 

British Coalis building a pilotplant utilizing the liquid Solvent Extraction Process, a two-stage system for the production of 
gasoline and diesel from coal. In the process, a hot, coal-derived solvent is mixed with coal. The solvent extract is filtered to 
remove ash and carbon residue, followed by hydrogenation to produce a syncrude boiling below 300 degrees C as a precursor for 
transport fuels and chemical feedstocks. Economic studies have confirmed that the process can produce maximum yields of 
gasoline and diesel very efficiently. Work on world-wide coals has shown that it will liquefy economically most coals and lignite and 
can handle high ash feed stocks. British Coal is proceeding with the completion of construction and commissioning of a 23 tons per 
day plant at the Point of Ayr site, near Holywell in North Wales. The project is financed by the British Coal with support from the 
European Economic Community, Ruhrkohle A. G. and British Department of Energy. Simon Carves Ltd. is the Main Plant Con-
tractor. 

Project Cost 20 million British pounds (1989 prices) construction cost plus 18 million British pounds (1989 prices) operating costs. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-SO) 

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 1960, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 kg slurry per hour, with a coal to oil ratio of 40 ,. 60, and employsa 112 pressure of 
25 MPa, and a temperature of 450 degrees C 

The main objective is to evaluate and develop alternative hydzoliquefaction 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 I, if desired. Currently, oil yields of between 35% and 55% 
daf coal have been obtained, depending on coal feed and process type.
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STATUS OF COAL PROJECTS (Underline denotes changes since December 19S) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Batch micro-autoclaves (50 en?) 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 (SHIM) 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 syacn.des to specification transport fuels. Experimental 
studies have included hydrotreating, hydrocracking and refonning, for the production of gasoline, jet fuel and diesel fuel. Jet and 
diesel fuel combustion quality requirements, as indicated by smoke point and cetane number for example, have been achieved via 
seven hydrotreatment Alternatively, less severe h>drotreatment and blending with suitable blendstocb has also proven effective. 
High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been pined and are valid for petroleum 
derived materials and for many types of synthetic crudcs. Considerable effort has also been directed towards developing 
specialised analytical methodology, particularly via NMR spectroscopy, to service the above process studies 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DF) adminis-
tered by the Australian Federal Government. 

Project Cat: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
((>90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide 1ange of temperature (500 to 750 degrees C), coal particle residence time (10 sec to 
50 mm), heatup rate (50 degrees C/sec to 1G degrees C/sec) coal particle sire (50 to 300 microns) and additives (slaked lime, 
recycle ash, silica floor, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. Four dif-
ferent types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a Wyodak sub. 
bituminous. Generally the yields of oils from bituminous coals range between 20-25% (MAP), and about 13% for subbitumiiious 

A pro for producing clean carbon black and coproduct hydrogen-rich gas and liquid methanol competitive with current prices 
of oil and gas is being developed. The HYDROCARB process can use any carbonaceous feedstock including coal, char, biomass 
and municipal solid waste. 

Project Cat $0 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company ((>95) 

Calderon Energy Company is constructing a coal gasification process development unit. The Calde roe process targets the clean 
production of electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have been completed. Construction of the process development unit (PDU) is 
scheduled for completion by the end of 1999. Test operation is scheduled to begin upon completion of construction and extend 
through July 1990. 

The PDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pryolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to airt$own gasification to yield a lean gas (low BTU 
gas). The process incorporates an integrated system of hot gas cleanup which removes both particulate and sulfur components of 
the gas products, and which tacks the rich gas to yield a syngas (CO and Ii, mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combined Eycle power generation plant. 

The PDU is sized to process one ton per hour of a high sulfur midwestern coal. The construction and operation of the PDU will 
take place on the propertyof Alliance Machine Company in Alliance, Ohio. The project is being aided by $5 million in government 
funding. 

The PDU is specified for an operating pressure of 350 psig as would be required to support combined cycle power production. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Calderon filed a proposal under the Clean Coal Technology program Round 3 to build a 
cogeneration facility supplying 87 megawatts of electricity and 613 tons of methanol per day. The project did not receive fundinz. 
however. 

Project Cost: $215 million
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STATUS OF COAL PROJECTS (Underline denotes ehaues slate December 1fl9) 

COMMERCIAL AND R&D PROJECTS (Contlaaed) 

CAN DO PROJECT - Continental Energy Associates (C-Urn) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle 
Township Pennsylvania to produce low Ff3 gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SIC) 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 con 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 

CHAR FUELS PROJECT - Char-Fuels of Wyoming Inc., a subsidiary of Carbon Fuels Corp. (C-hO) 

Char-Fuels of Wyoming is attempting to secure financing to build a 1,000 ton per day CharFuel project at the Dave Johnston power 
station near Glenmck Wyoming. The project could coat up to $100 million. 

The State of Wyoming has promised $163 million in assistance, contingent on a certain amount of private capital to be raised by 
Char-Fuels. 

The project involves a coal refining approach. The first step is a "hydrodisproportionation step which the company says will usc 
technology based on short residence time flash volatilization. Resulting char is mixed back with process-derived liquid hydrocar-
bons to make a stable high-BTU, pipelineable slurry fuel. This slurry could be burned in coal-fired or modified oil-fired burners. 
It would be tested in the 100 megawatt no.1 unit of the Johnston plant. 

A smaller 150 ton per day unit would be built for process development studies. The plant would include gas processing, 
hydrotreaters, methanol production and aromatic naphtha recovery. Products manufactured would include CharFuel slurry, am-
monia, sulfur, methanol and aromatic naphtha. 

Project Cost $100 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-120) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continues to 
operate its chemicals from coal complex at Kingsport, Tennessee at design rates. The Texaco coal gasification process is used to 
produce the synthesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate 
are produced as intermediate chemicals, and sulfur is recovered and sold. 

The facility has averaged 97% onstream availability for the last three years. 

In January, 1989, Eastman announced that it plans a $150-million expansion of the chemicals-from-coal facility to be completed by 
the end of 1991. The project, which could begin as early as mid-1989, will more than double Eastman's output of acttyl chemicals 
from coal and increase its flexibility in sourcing these products and in making their cellukisic derivatives. 

The expansion program will include construction of two new chemicals plants and modification of the coal gasification facilities. 
An acetic anhyrdride plant will be built, with capacity of 600 million pounds per year of anhydride and 180 million pounds of acetic 
acid. A new methyl acetate unit will produce 490 million pounds per year. 

The existing coal gasification facility will be able to handle the new anhydride demand with some debottle necking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable
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COMMERCIAL AND R&D PROJECTS (Continoed) 

CI GAS GASIFICATION PROCESS PROJECT - Pundacao de Ciencia e Tecnologia—CIENTEC (C-130) 

The CIGAS Process for the generation of medium BTLJ gas is aimed at efficient technological alternatives suitable for Brazilian 
mineral coals of high ash content. No gasification techniques are known to be available and commercially tested for Brazilian coals. 

The CIGAS Process research and development program has been planned for the interval from 1976 to 1998. In 1977 an atmos- 
pheric bench scale reactor was built, from which were obtained the first gasification data for Brazilian coals in a fluidized bed reac-
tor. In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the first pressurized mac-
tor in Latin America was built in bench scale, and the first results for pressurized coal gasification were obtained. 

In 1979 the first atmospheric fluidized bed pilot scale unit was assembled (with a throughput of fl tons per day of coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 05 tons per day of coal). The plant was fully 
operational in 1981 In 1984 the pressurized plant capacity was enlarged to 23 tons per day of processed coal and at the same time 
air was replaced by oxygen in the atmospheric plant. This unit started processing 17 tons per day of coal. 

In 1986 a unit was built to treat the liquid effluents generated throughout the process and studies on hot gas desulfurization were 
started in bench sale. By the end of 1988 scale studies will be finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 1998. 

Project Cost: US$4.7 million up to the end of 1988. The next stage of development will require US$15 million 

!il iL[cL11c'4 1ui!MWil!Mae kn 	 .'!r!n	 tra.uardM&MM1 

The steam-air mixture enters at the bottom throu gh a gn distributor. The steam-air conical distributor consists of stainless steel 
pipes covered by dense castable refrory 

The bottom ash (char), ,einc,ed froni the reactor through * pipe connected to the orifice located at the center of the distiibutor, is 
Quenched in the char bin. The slurr y is next trumped to the clarifier of the wastewater treatment plant. 

The CIVOGAS pilot plant has been successfully oceratina for approximately 10.0 hours for the pest six wars and has been work-
ing mainly with subbituminous coals with ash content between 33 to 55 cercent wei ght (moisture-free). 

The best coerating conditions to gasify low-rank coals in the fluidized bed have been found to be 1.000 degrees C with the steam 
making up around 20 oercent by weight of the air-steam mixture. 

QW'ThC expects that in commercial plants or in larger ansifiem better results will be obtained, regarding coal conversion rate 
and cold as yield due to greater major residence time, and greater heat recovery from the hot raw fls. 

According to the CIEWIEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns. and much Droeress has been made. 

COALPLEX PROJECT - AECI (C-140) 

The Coelpiex Project is an operation of AECI Odor-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- 
dude 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 

SYNI'HEIlC FUELS REPORT, MARCH 1990 
448



STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

chloride polymerization to PVC Of the five plants, the carbide, acetylene, and 11CM plants represent the main differences be-
tween coal-band and conventional PVC technology. 

Project Cost: Not disclosed 

COGA-1 PROJECT - Cal Gasification, Inc. (C-ISO) 

The COCA-i project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
over 1 million tone of coal per year and will produce 500 tons of ammonia and 500,1110 tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (1131). When completed, the COCA-i plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and — supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James R. Thompson announced a $26 million state and local incentive package for COCA-i in an attempt to move the $600 million 
project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, and the Nor-
wegian fertilizer firm Norsk-Hydro, are currently working to complete the f

i
nancing package for the facility. 

Project Cat: $600 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-160) 

The Colombian state coal company, Carbocol plans for a coal gasification plant in the town of Amaga in the mountainous inland 
department of Antioquia. 

Japan Consulting Institute is working on a feasibility study on the gasification plant and current plans are to build a US$10 to 20 
million pilotplant initially. This plant would produce what Carbocol calls 'a clean gas fuel' for certain big industries in Antioquip 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the early 1990s to produce urea if financing is found. 

Project Cost $20 million initial 
$200 million eventual 

COLSI'RIP COGENERATION PROJECT - Colstrip Energy Limited Partnership Bechtel Development Company, Pacific Gas and 
Electric Company, Rosebud Energy Corporation (C-165) 

In 1985, Montana One Partners (MOP), was formed to develop, construct, manage and maintain an LFC-Cogenerntion plant in 
Coistrip, Rosebud County Montana. SGI, the developer of the LFC (liquids From Coal) process, is the sole general partner and 
one of two original limited partners of MOP. 

In 1987, this 35 megawatt project was separated into two independent units, the 35 megawatt power unit (Colstrip Project) and the 
LEC Process unit. Separation of the project into two independent units required a new license from the Federal Energy 
Regulatory Commission, which was granted in October, 1987. 

In April, i, MOP entered into an engineering procurement and construction contract with Bechtel Construction, Inc. for the 
Coistrip Project (i.e., the power unit). The project ocnstruction started in the third quarter of 1988, with completion scheduled for 
the second half of 1990. 

In August, 1988, MOP sold all of its interest in the Colstrip Project to four individuals. These four individuals are the shareholders 
of Rosebud Energy Corporation, a Montana corporation. 

In July, 1988 construction and long-term financing was obtained for the Colstrip Project. The investment banking firm of Laden. 
burg, Thalmann & Company, Inc. structured and arranged this project financing. The project lenders, Bank of New England, NA. 
and Trust Company of the West are providing up to $19,734,000 of construction financing and up to $56984,00) of long-term 
financing for the Coistrip Project. Equity funding of $22,75O, is being provided by an affiliate of Bechtel Development Cum- 
party, a California public utility, which are the limited partners of Colstrip Energy Limited Partnership (CELP). CELP has become 
the new, owner of the Colstrip Project. The general partner of CELP is Rosebud.
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COMMERCIAL AND R&D PROJECTS (Cectiared) 

COOL WATER COAL/MSW GASIFICATION PROGRAM - Texaco Syngas Inc. (C-170) 

Originaj Cool Water participants built a I,000-1,0 tons per day commercial-scale coal gasification plant using the oxygen-blown 
Texaco Coal Gasification Process. The gasification system which includes two Syngas Cooler vessels, was integrated with a General 
Electric combined cycle unit to produce approximately 122 megawatts of gross power. The California Energy Commission ap-
proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 2.5 yearn, was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A 
five-year demonstration period was completed in January 1989. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPIU) executed an agreement to participate in 
the Project in February 1980 and their contribution is $69 million. Bechtel Power Corporation was selected as the prime engineer-
ing and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 million to 
the project. General Electric signed a participation agreement in September 1960 In addition to contributing $30 million to the 
Project, GE supplied the combined cycle equipment The JCWP Partnership, comprised of the Tokyo Electric Power Company, 
Central Research Institute of the Electric Power Industry, Toshiba 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 Alternate 
Energy Development Company are non-equity contributors to the project, having signed contributor agreements on January 20, 
1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million project loan with a $6 million in-kind 
contribution by SCE of facilities at SCE's existing generating station in Daggett, California completes the $263 million funding. 

A supply agreement was executed with Airco, Inc. on February 24,1981 for Airco to provide 'over-the-fence' oxen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's first solicitation for proposals This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the Sit because it did not pass the 'credit elsewhere' test (the SFC 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the 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 

IT 
negotiations for financial assistance. On April 

13 1983 the sponsors received a letter of intent from the Sit to provide a maximum of $120 million in price supports for the 
project On July 28, 1983 the Board of Directors of the Sit voted to approve the final contract awarding the - 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 was utilized as 'the Program' coal was burned at all times that the facility was not burning an alternate test 
coat The Program could test up to 8 different coal feedstocks on behalf of its Participant companies. 

A 32,000 ton Illinois No. 6 coal (nominal 11 percent weight sulfur) test, a 21,000 ton Pittsburgh No. 8 coal (nominal 2.9 percent 
weight sulfur) test, and a 20,000 ton Australian Lemington high-ash-fusion-temperature coal (nominal 03 percent weight sulfur) 
test have been completed. Energy conversion rates and environmental characteristics while running the alternate coals are essen-
tially the same as thoseobserved while burning the low sulfur Utah bituminous 

The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1964. On June 2.3, 1984 the ten continuous day SFC acceptance test was sue-
cenfully completed and the Program was declared to be in commercial production on June 24, 1984. 

At the completion of the demonstration program in January 1989 the gasifier had been on-line for more than 27,116 hours, and 
gasified over 1,132,000 tons of coal (dry basis). Approximately 2  billion grom kWh of electricity was produced. 

In September, 1989 Texaco Inc. announced that Texaco Syngas Inc., its wholly owned subsidiary, had been awarded the rights to 
negotiate with Southern California Edison (SCE) for the purchase and operation of the Cool Water plant. 

Upon acquiring the plant, Texaco intends to utilize a new application of Texaco's technology which will permit Cool Water to con-
vert sewage sludge to useful energy by mixing it with the coal feedstock. Sewage sludge has been disposed of for many years in 
landfills and by ocean dumping, methods that are now becoming unacceptable for either overcapacity or environmental reasons. 
Texaco has demonstrated in pilot studies that sludge can be mixed with coal and, under high temperatures and pressures, gasified 
to produce a clean synthesis gas. Texaco officials emphasize that its gasification process results in no harmful by-products 

Acquisition of the plant is conditioned upon finalizing the terms of the purchase agreement and the completion of negotiations with 
SCE for the sale of electricity to be produced at Cool Water. In addition, negotiations will be required with municipalities and 
other governmental entities that produce and handle sewage sludge.
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COMMERCIAL AND R&D PROJECTS (Coallaaed) 

Upon conclusion of the necessary negotiations, Texaco will invest additional capital in the Cool Water plant for modifications 
aimed at reopening the facility in early 1922. 

Project Cat $263 million 

CO REX IRON MAKING PROCESS - hod Engineering, Geneva Steel (C-180) 

The Core; or liable Iron Reduction processwas developed by Korf Engineering (a Federal Republic of Germany company). The 
process replaces the two-step coke oven/blast furnace approach to producing pig iron from iron ore and metallurgical coal with an 
integrated two component oxygen-blown system capable of operation on a variety of coals. The system consists of an upper 
"reduction shaft" and a lower 'melter-gasifle? component. Iron on, along with an appropriate flux (e.g. limestone), is fed into the 
top of the reduction shaft where it is reduced to sponge iron by the off-gas from the lower melter-gasifler section. The lower sec-
tion is an oxygen-blown fluidized bed coal gasifier. In this section the sponge iron is melted and the resulting pig iron and slag are 
separated and tapped as ina Most furnace. The low/medium-BTU, sulfur-free off-gases from the process (sulfur is captured by the 
limestone and remains in the slag) are scrubbed to remove particulates and are available for site use. 

The Kohle lion Reduction process has been tested in a 64000 tons per year pilot plant using a wide range of coals and iron ores. A 
larger plant with a capacity of 330, tons of iron per year was built for Iscor in South Africa. Commissioning of this plant was 
completed in 1988. A proposed project for the design and construction of a 330,000 tons (iron) per year demonstration plant at the 
Weirton Steel plant in Weirton, West Virginia was selected by DOE for financial assistance in the Clean Coal Technology Program. 
However, the project was dropped in late 1987 and replaced by a similar project sponsored by the State of Minnesota and USX 
Corporation. 

This project also failed to survive. In 1989, Geneva Steel Company of Utah submitted a proposal under the Clean Coal Technology 
Program Round 3, for a 770,000 ton per year commercial facility, but was not selected. Geneva has shelved the nroiect indefinitely. 

Project Cost $368 million 

CRE SPOUTED BE!) GASIFIER - Coal Research Establishment, Otto-Simon Carves (C-190) 

A spouted fluidized bed processfor making low-Bit fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CRE). A - plant has been built with a coal throughput of 12 tonnes per day. 

This project has been sponsored by the European Economic Community (EEC) under two separate demonstration grants. Results 
to date have established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 

The CItE gasification process is based on the use of a submerged spouted bed. A significant proportion of the fluidizing gas is in-
troduced as a jet at the apex of a conical base. This promotes rapid recirculation within the bed enabling caking coals to be 
processed without agglomeration problems. Coals with swelling numbers up to 8.5 have been processed successfully. 

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As part of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Since April 1987 a new, contract with the EEC has investigated the use of sand beds and the potential of oxygen 
enrichment of the process. This contract will permit operation of the - plant up to November 1989. 

Work on the 12 tonne per day - plant was directed towards providing design information for gasifiers operated at atmospheric 
pressure for industrial fuel gas applications. The aim is to develop a range of commercial gasifiers with a coal throughput typically 
of 24 to 100 wanes per day. To this end a license agreement was signed by OSC Process Engineering Ltd. (OSC) to exploit the 
technology for industrial application. Designs of commercial gasifiers are available and OSC together with British Coal are actively 
promoting the we of the technology in the United Kingdom process industries. 

Although OSC has yet to build the first commercial unit, they say considerable interest has been shown from a large number of 
potential clients worldwide. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to45 percent are predicted. A contract with the 
EEC to develop a pressurized version was initiated in January 1989. The proposal is to link the gasifier to a char combustor to 
form what is known at the British Coal topping cycle. 

CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (C-200) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on 
gasification, hot gas cleanup, gas turbines, and their integration into an 10CC (Integrated Gasification Combined Cycle) system. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

An air-blown pressurized twO-stage entrained-flow gasifier (2.4 tons per day processdevelopment unit) adopting a dry coal feed 
system has been developed and successfully operated. This gasifier has been determined to be employed as the prototype of the 
national 200 tons per day pilot plant. The hot gas cleanup system process development unit (PDU) which employs a porous filter 
for dust removal and an iron oxide honeycomb fixed bed for desulfurization was constructed and has been successfully operated. 

Research and development on a 200 tons per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively, front 1986 and will be completed in 1993. 

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (Mn) and New Energy Development Organization (NEDO). They evaluated eight systems combining dif-
ferent methods of coal feed (dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tem, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airbiown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot-
gas cleanup systens. 

CRIEPI constructed, In 19fl a coal gasification processdevelopment unit with a capacity of 2.4 tons per day coal using air-blown 
pressurized two-stage entrained-flow method, and since then has been promoting research and development jointly with Mitsubishi 
Heavy Industries, Ltd. 

As of late 1988, the gasifier had been operated for 1320 hours, and tested on 15 different coals. 

For the project to build a 200 tons per day entrained-flow, coal gasification combined cycle pilot plant, the electric utilities have or-
ganized the Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IC)' with 10 
major electric power companies and CRIEPI to any out this project supported by the Ministry of International Trade and In-
dustry and the New Energy Development Organization. 

Basic design and engineering of the pilot plant was started in 19K and manufacturing and construction started in 1988 at the 
Nakcrso Coal Gasification Power Plant. The air-blown pressurized two-stage entrained-flow gnsifier using the dry coal feed system 
will be constructed with tests to begin in 1989. Tests of hot gas cleanup with a high temperature gas turbine having a gas tempera-
trite at the combustor outlet of 1,3(X) degrees C will begin in 1990. 

Project Cat 53 million yen 

DANISH GASIFICATION COMBINED CYCLE pRoseCr - Elkraft (C-205) 

The Danish Utility, Elkiaft, in response to government directives to lower pollution by using more natural gas, says that it will in-
crease the use of natural gas to generate electricity. However, the utility says that it also plans for two power plants based on in-
tegrated coal gasification combined cycle (10CC). The first will be a 50-megawatt demonstration unit at Masnedoe, at the site of 
an existing power plant that will be retired. 

The Danish energy minister expects to decide during 1989 whether to approve this scheme. 

If the Masiicdoe demonstration is successful, F.lkraft intends to me on to construct a full-scale 300-megawatt 10CC unit at 
Stitsnaes for service in 1997. 

As yet, Eikraft has given no indication which 10CC design it favors for the Masnedoe demonstration. 

Potential bidders could include Shell, Dow, Texaco and Krupp-Koppers. 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-210) 

The Dow Syngns Project began commercial operations in April, 1987, operating at rates up to 92 percent of capacity. As of 
May 1989 the project has completed 9,485 hours on coal. It has produced 8,277= Btu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 7,881 hours. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU per day of medium WFIJ gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium ff1'U 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.
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1"9) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 $62D million 

Project Cost: $72.8 million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-220) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con-
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. Planning for the project is in an advanced posi-
tion. $20 million has been spent, and 12 cars have been invested in site and feasibility studies. After thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation released the final Environmental Statement on February 26, 1988. The Federal Water Service Contract is expected to 
be approved in 1990. Operation of Phase I of the project is scheduled to begin in 1996. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product front the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. The impacts which will occur from 
the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At full capacity, the plant will use the coal under approximately 390 acres of land (about 14.7 million 
tons) each year. Under North Dakota law, this land is required to be reclaimed and returned to equal or better productivity follow- 
ing mining Nokota will be working closely with local community leaders, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 30D million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced. 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output Access to western markets for methanol through a new dedicated pipeline to Bellingham, 
Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1992 and mechanical construction beginning in 1993 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1996. Construction of the remainder of the facility is scheduled to begin in 1995 and to 
be in commercial operation in 1998. This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, state, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost $2.2 billion (Phase land 11) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$03 billion (mine) 

ENCOAL LFC DEMONSTRATION PLANT - ENCOAL Corporation. United States Department of Enem y (&flhl 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

ENCOAL will contract for enaineerint procurement and conitnaction seivices from the M,W. Kdloa Company. SQL Interna-
tional will fuynWt technical serva 

The plain will procen 1.O tons of coal Oct day and produce ISOJXX) bagels of licuids per war pM 340.000 tons of upnaded solid 
N—cl- 

nrttn.i 1camACQXC!N 

The energy onit will be located on a 600 acme site along the Taunton River owned by a subsidiary of Co,nmo,iwealth Energy, 

Texaco Sengas will design the plant to use the Texaco Coal Gasification procto and General Electric's hi gh efficiency, ms turbines. 
The initial via will produce 440 megawts of power to be sold to New Enciand utilities. 

The plant will be one of the world's cleanest coal based poatr plants with emission levels of paxticulates. SO and NO 
nificantly lea than conventional coal plants and below state and federal emissions standards. 	 aA 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Confined) 

Project startuD is scheduled for late 1994. 

FRONTIER ENERGY COPROCESSING PROJECT - Canadian Energy Developments, Kilbora International (C-225) 

Under the United States Department of Eaervjs Clean Coal Technology Round 3 Program, the Frontier Energy project is the 
commercial demonstration of a state-of-the-art technology for the simultaneous conversion of high sulfur coal and heavy oil 
(bitumen) to low sulfur, lean burning, liquid hydrocarbon fuels plus the cogeneration of electricity for export. Two main liquid 
hydrocarbon products are produced, a naphtha fraction which can be used as a high value petrochemical feedstock or can be 
processed further into high octane motor fuel and low sulfur fuel oil that can be used to replace high sulfur coal in thermal power 
plants. Cogenerated electricity, surplus to the requirements of the demonstration plant, is exported to the utility electrical system. 

Frontier Energy is a venture involving Canadian Energy Developments of Edmonton, Alberta, Canada and Kilborn International 
Ltd. of Tucson, Arizona. 

The technology being demonstrated is the CCLC Coprocessing technology in which a slurry of coaland heavy oil are simul- 
taneously hydrogenated at moderate severity conditions (temperature, pressure, residence time) to yield a low boiling range (C 5

-975 F) distillate product. 

The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta Of-
fice of Coal Research and Technology (AOCRT) and Gesellschaft fur Kohlevedlussigung mbH ((UK) of Saarbrucken, West Get-
Many-

The technology is in an advanced stage of development No integrated and computerized process development units (PDUs), 18-
22 pounds per hour feed rate, are currently being operated to confirm the technology in long duration runs, to generate operating 
data for the design of larger scale facilities and to produce sufficient quantities of dean distillate product for secondary hydrotreat-
ing studies and market wessmeat studies. 

Canadian Energy and (UK are planning to modify an existing 10 ton/day coal hydrogenation - plant to the CCLC Coprocessing 
configuration and to use it to confirm the coproccssing technology in large - scale facilities while feeding North American coals 
and heavy oils. Data from this large pilot seek facility will form the basis of the design specification for the Frontier Energy 
Demonstration Project. 

The demonstration project will process 1,128 tons per day of Ohio No.6 coal and 20,0 barrels per day of Alberta heavy oil 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
(UK Oesellschaft fur Kohleverfiussigung MbH (C-fl)) 

Until 1964 GfK Gesellschaft fur Kohleverfiussigwig 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-conk can be processed. 

For this reason since 1964 (UK has conceived a unique process called PYROSOL The PYROSOL process is two-stage, comprising 
a mild hydrogenation in the first stage followed by pyrolysis of the residue in a second stage. 

As of year-end 198s the development of the PYROSOL process has been terminated. This unique process is in particular suitable 
for the liquefaction of coals with high ash content. Regardless of the ash content, coals have been tested with more than 20% ash 
and high oil yields between 50 and 60% of m.a.f. coal were obtained. 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, (Uk fa'vorizes a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

Project Cat Not disclosed
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STATUS OF COAL PROJECTS (Underline denotes etna3es since December 198) 

COMMERCIAL AND R&D PROJECTS (Conthted) 

GREAT PLAINS GASIFICATION PROJECT — Dakota Gasification Company (C-240) 

Initial design work on a coal gasification plant located near Beulah In Menu County, North Dakota commenced in 1971 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 190, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the SNG sold on an unregulated basis. 
In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly according to 
increases in the Producer Price Index and the price of No.2 Fuel Oil, with limits placed on the formula by the price of other com-
peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13,198Z it was announced that a sub-
sidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's interest and 
23 percent from Transca 

Full scale construction did not ocimmence 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-
son were generally committed to providing one dollar of funding for each three dollars received under the loan guarantee up to a 
maximum of $740 million of equity funds. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BTU pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of 
carton dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar oil, phenols, and naphtha 
to be used as fuels. Approximately 16,000tons per day of North Dakota lignite is required as feedstock. 

In August 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANt) Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The gas is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States. 

In parallel with the above events, DOE/DOJ filed suit in the United Slates District Court in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14 1986 the North Dakota Court found that state law was not applicable and that plaintiffs (DOE/DOJ) were entitled to a sum- 
mary judgement for foreclosure. A foreclosure sale was held on June 30,19K and DOE obtained legal tide to the plant and its as- 
seats by a Marshall'; deed dated iulv 16, 198& This decision was upheld by the United States Court of Appeals for the Eighth Cir-
cuit on January 14, 1987. On November 3, 1987, the Supreme Court denied a petition for a writ of certiorari. 

The North Dakota District Court also held that the defendant pipeline companies were liable to the plantiffs (DOE/DOJ) for the 
difference between the contract price and the market value price. This decision was upheld by the United States Court of Appeals 
for the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant In August 1988 it was 
announced the Basin Electric Power Cooperative submitted the winning bid for approximately million up-front plus future 
profit-sharing with the government. P.o new Basin subsidiaries, Dakota Gasification Company and Dakota Coal Company, 
operate the plant and matinee the mine respectively. Ownership of the plant was transferred on October 31. 1988. 

For the first 11 months of operation under Dakota Gasification ownership, the plant produced gas at over 108 percent of design 
capacity. 

The Linde Division of Union Carbide Industrial Gases Inc. has signed a 15-year agreement with Dakota Gasification Company to 
buy all the krypton/xenon produced at the Great Plains Synfuels Plant beginning in December 1990. 

Project Cost $2.1 billion
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

(ISP PILOT PLANT PROJECT - German Democratic Republic (C-250) 

Since 1983 a 30 tonne per day gasification complex has been in operation at Gaskombinat Schwarze Pumpe (6SF) in East Ger-
many. It produces more than 50,0 cubic meters raw gas per hour. Practical results and experience gained during operation of 
this system are planned to be applied to the construction of a large-scale gas works, five to 10 times larger, with an annual output of 
two to four billion cubic meters raw gas. 

The environmental compatibility of the 6SF coal gasification process is said to meet the highest requirements even if coal that is 
rich in ash and sulfur and contains salt is used. The GSP process involves the gasification of pulverized coal under pressure, using 
the brown coal of the German Democratic Republic. Its mode of oceration, however, is widel y indenendent from the fuel, so that 

Project Cat: Not disclosed 

HANOVER ENERGY DOSWELL PROJECT - Hanover Energy Associates (C-255) 

Hanover Energy Associates is planning aRN) megawatt coined cogeneration plant to sell electricity to Virginia Power. The plant, 
to be located near Doswell, Virginia, will include 24 to 28 Wellman.Galusha gasifiers. The gas turbines will burn fist-sixths natural 
gas and one-sixth low-BTU coal gas from the gasifiers. 

The coal source will be coal wastes located in Western Virginia. 

Construction is scheduled to begin on July 1 and will take two years, according to documents filed with the Federal Energy 
Regulatory Commission. 

Other equipment includes four Westinghouse 501 D5 gas turbine generators, four waste heat recovery boilers and two steam tur- 
bine generators. Steam will be sold to National Energetics Company for manufacturing carbon dioxide and possibly to a nearby 
paper company. 

Hanover Energy Associates, a limited partnership, was one of about 30 companies that responded to Virginia Power's solicitation 
in December 1986 for some 1,100 megawatts of electricity. Hanover has a similar plant planned in northeastern Pennsylvania, with 
a capacity of about 100 megawatts. 

HUENXE CUT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COT) GmbH (C-260) 

COT was established in 1977, withthe goalof developing a coal gasification process to the point of commercial maturity and 
economic utilization. The CUT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the COT Process is the integrated fluidized bed and dust gasification 
stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 degrees C hot product gas and are 
separated in a downstream cyclone as coke dust The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to 
the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The 
product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasification under pres-
sure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free product gas at 
the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the COT process consists of three stages. Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction and 
operation of a 4 tons per hour operating system. Step 3—Demonstration of the process at commercial scale. For the component 
test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were 
erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage CUT gasification process. The process 
design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour - plant were erected at the site of the BP Ruhr refinery at Huenxe. The test work comprises 
a conceptual test program to the end of 1986. Alter bringing the facility on line and operating the combined fluidized bed with 
entrained flow gasification, the complete working of the test facility with a reference coal will be 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 Cat: Not disclosed
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StATUS OF COAL PROJECTS (Underline denotes ebaces since D......h... 1989) 

COMMERCIAL AND R&D PRQJECIS (Continued) 

HYCOL HYDROGEN FROM COAL PILOT PlANt - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-270) 

In Japan, the New Energy Development Organization (NEDO) has promoted coal gasification technologies based on the fluidized 
bed. These include the HYBRID process for high-BTU gas making and the low-BTU gas making process for integrated combined 
cycle power generation. NEDO has also started to develop coal gasification technology based on a multi-purpose coal gasifier for 
medium-BRJ gas. 

The multi-purpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. The pilot plant, with the excention of the gasification section, is being constructed at the plant site in Soderaura. Chiba 

The key technology of this gasification process is n two-step spiral flow system. In this sytem, coal travels along with the spiral flow 
from the upper part towards the bottom because the four burner nozzles of each stage are equipped in a tangential direction to 
each other and generate a downword spiral flow. As a result of this spriral flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners product reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows 

- Coal find	 Q too per day 
- Pressure	 1.0 MPa 
- Temperature	 1,500 to 1,800 degrees C 
- Oxidant	 Oxygen 
- Coal Feed	 Dry 
- Slag Discharge	 Slag Lock Hopper 
- Refractory Lining	 Water-cooled slag coating 
- Dimensions Outer Pressure Vessel 2 Meters Diameter, 133 Meters Height 
-Carbon Conversion	 98 Percent 
- Cold Gas Efficiency	 78 Percent 
--1.00D Hours Continuous Operation 

The execution of this project is being carried out by the Research Association for Hydrogen from Coal Process Development, a 
joint undertaking by nine private companies, and is organized by NEDO. Additional researches are also being conducted by 
several private companies to support research and development at the pilot plant. The nine member companies are: 

Idemitsu Kosan Co., Ltd. 
Osaka Gas Co., Ltd. 
Electric Power Development Company 
Tokyo Gas Ca, Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, lid. 
Mitsui SRC Development Co., Ltd. 

IMHEX MOLTEN CARBONATE FUEL CELL DEMONSTRATION - Mt Power Cor poration. Combustion Ennineerint Inc.. 
Institute of Gas Technok'ey (C-273) 

The IMHEX configuration is a novel advanced molten carbonate fuel cell designed to eliminate many of the pumping problems ex-
perienced by previous molten carbonate fuel cell concents. 

The demonstration facility will be located at IGT's Enerav Development Center in Chicano. Illinois. The demonstration will use 
IGts existing U-GAS coal jutsificr and will produce 500 kilowatts of electricity.
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SFAWS OF COAL PROJECTS (Underline deotes changes dare Deenmher 19*9) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The demonstration project will benin April 1.1991 and will be completed Se ptember 30. 1994. Total estimated cost of the project is 
n2.7®rn. 

IiftJI cMi'ii !Ifl 

Voest-Alnine has been collaboratins with Geneva Steel to demonstrate the technolocv in the United States. however. Geneva has 
shelved further action on the project after failing to receive fundins in the DOE Dean Coal Technoloev Round 3. 

KANSK-ACHINSK BASIN COAL UQUEFACIION PILOT PIAN1S - Union of Soviet Socialist Republics (0280) 

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 vely large open pit mine (the Berezonkiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small two of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an SF-75 installation is being built at KATEX to test a catalytic hydrogenation process. Construction of 
the unit began in 1962. Start up of the unit was originally planned for 1984, however, the plant has still not been co,n*ted. 
Preliminary tests indicate that five tons of 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 EflCh-175 is being built at * power station in Krasnoyarsk to test rapid pyrolysis of 
brown coal from the Bomdinskoye deposit and is said to be nearins completion. The test unit will have a capacity of 175 tons of 
coal per hour. The plant I designed to crash the Kansk-Achinsk run of mine coal with 40 nercent moisture in hammer mills and 

The excess coke breeze formed during nvrulvsis is cooled down to 75-80 derrees C and is used as a commercial product. 

A third experimental coal liquefaction unit, ST-5, is under construction at the Belkovskaya mine of the Novomoskovsk Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400 degrees C. A catalyst is used in the process to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of Sr-5 was to occur in 
1984. 

Project Cost: Not disclosed
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STATUS OF COAL PROJECTS (Underline decotos chaatps since Dccctbor 1539) 

COMMERCIAL AND R&D PROJECTS (Continued) 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-290) 

Energy Brothers, licensee of the K-Fuel process, In 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, low-moisture, low-aulfur cool with a BTU value of 12,000, 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 cool. The fuel gas from the process Is utilized on site to provide the needed heat for the process. The proposed 
facility will utilize 4 modules each capable of producing 350,000 tons per year of K-Fuel. Wisconsin Power and light has agreed to 
a 10-year purchase agreement for 'a substantial portion* of the output of the plant The K-Fuel will be tested at Wisconsin Power 
and Light's Rock River generating station near Beloit In south-central Wisconsin. For the test Wisconsin Power and Light will pur-
chase the fuel at the coat of production, which has yet to be determined but Is estimated to be over $30 per ton. If the test Is suc-
cessful, Wisconsin Power and light has the option to Invest In the process. 

Wisconsin Power and Light S Interested In burning K-Fuel to eliminate the need to Install expensive equipment to reduce sulfur 
emission from the powerplant The upgraded cool is also less expensive to ship and store due to its improved heating value. 

Construction of the plant will begin during the fourth quarter, 1989. Pru-Con Construction Corporation of St. Louis, Missouri Is 
building the facility, and the plant will begIn commercial operation by Mardi. 1991. BA-K Energy, Inc., which Is jointly owned by 
Enerm' America Incorporated of San Diego and K-Fuel Partnership of Denver, will build and operate the facility. 

A new conav. Smith Powarfuek a nartnershln of K-Fuel Pnrtnershln and Eaerv America. has been established to develo p an 
lsternntlonrrl wtcet for K-Fuel. 

Project Cost $62 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-310) 

In April 1984 Westinghouse sold its cool gasification technology to Kellogg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. The major activities of KRW Energy Systems 
has been to complete development of a fluidized bed coal gasification technology and to develop a commercial demonstration 
Project-

The major development facility for KRW Is a cool gasification - plant located at the Waltz Mill site near Pittsburgh, Pennsyl-
vania. This facility has been In operation since 1975 and has accumulated more than 12,000 hours of hot operation utilizing a broad 
range of coals. These cook include high caking Eastern bituminous, Western bituminous, and lignites with high and low ash con-
tents and high and low moisture contents. A number of German brown coals have also been successfully gasified. The pilot plant 
program was completed in September ia and the facility is currently mothballed. It is being continuously maintained in anticipa-
tion of award of additional coal testing work. 

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-ffflJ gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges between 20 and 35 tons 
PCs day, depending on coal type. 

The DOE hot gas cleanup program that was Initiated in late 1984 will be completed in fiscal year 1988. The results from this 
development program have provided significant coat and efficiency Improvements for the ICRW gasification technology as applied 
to gasification combined cycle electric power generation. Operations at the Waltz Mill pilot plant with an air blown gasifier using a 
high sulfur (2-43%) and highly caking Eastern bituminous coal, have achieved the following significant demonstrations: 

- A simplified pt	 to deliver n hot and clean low FFU fuel gas to a combustion turbine. 
- Gasifier in-bed desulfurization to meet NSPS requirements by removing over 90% of feed sulfur utilizing limestone or 
dolomite sorbents. 
- Utilization of a regenerable zinc ferrite sorbent in s sulfur polishing mode to reduce fuel gas sulfur levels to less than 20 
ppm 
- Demonstrated use of sintered silicon carbide candle filters at 1,100-1,200 degrees F and 16 atm pressure to reduce fuel gas 
solid particulates to less than 10 ppm 
- Delivery of final product fuel gas at high temperature and pressure containing less than I ppm combined alkali and heavy 
metals. 

Commercial scale processperformance systems studies show, the KRW hot gas combined cycle power system to have net heat rates 
Jazz; than 8,000 BTU/kWh and capital coats lens than 1,250$/kWh for 300400 MW sized plants. A significant feature of these sys-
tems is the modularity of design which provides much planning and construction flexibility. 
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STATUS OF COAL PROJECTS (Underline denotes changes since D...her 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost $243 million 

LAKESIDE REPOWERING GASIFICATION PROJECT - Combustion Engineering. Inc. (C-fl)) 

The project will demonstrate Combustion Engineering's pressurized, airblown, entrained-flow coal gasification repowering technol-
ogy on a commercial scale. The syngas will be cleaned of sulfur and particulates and then combusted in a gas turbine (40 MWe) 
from which beat will be recovered in a heat recovery steam generator (HRSG). Steam from the gasification processand the HRSG 
will be used to power an existing steam turbine (25 MWe). 

The proposed project is selected for demonstration at the Lakeside Generating Station of City Water, Light and Power, 
Springfield. Illinois. The selected site with associated characteristics and costs includes repowering an existing steam turbine to 
produce 65 MWe via the combined cycle mode. 

The project is funded under Round 2 of the Department of Energy's Clean Coal Technology Program. 

LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-330) 

Air Products is testing a 5 tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In the process, 
synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. The oil 
acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more con-
centrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carton ratio gases 
without the need for synthesis gas shift to produce more hydrogen. While the technology is particularly suitable to syngas derived 
from coal, the concept will be tested initially using hydrogen and carbon monoxide produced from natural gas. 

In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of a 40 day con-
tinuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon monoxide-rich gas repre-
sentative ofthat produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to  tons per day 
with a total production of approximately 165 tons of methanol (50,000 gallons). The plant, including the slurry pump and a spe-
cially designed pump seal system, operated very reliably during the run. 

In a four-month test lasting from September 1, 1988 to January 8 1989, the unit produced methanol from simulated coal gas at a 
rate more than twice the original design rate of the test facility. 

The LaPorte run lasted 124 days and was interrupted only briefly when Hurricane Gilbert threatened the Gulf Coast early in the 
test program. During the marathon operation, the experimental facility produced just over 8,000 barrels of fuel-grade methanol. 
Production rates averaged 60 to 70 barrels per day - roughly twice the facility's original 35-barrel per day design rate. Methanol 
from the test run was of high enough quality to be used directly as a motor fuel without further upgrading. 

The 124-day run also demonstrated the effectiveness of improvements in the facility's reaction vessel which had been modified last 
year to incorporate an internal heat exchanger and vapor/liquid separation process. Synthesis gas was provided by Air Products 
from its adjacent industrial gas production plant. 

The current 30-month, $9.4 million contract expires in October, 1989. 

Project Cost DOE $25.6 million 
Private participants. $18 million 

LIQUID PHASE METHANOL DEMONSTRATION PLANT - Air Products and Chemicals, Dakota Gasification (C-345) 

In response to the Department of Energy's Clean Coal Technology Round 3 solicitation Air Products and Chemicals, Inc. and 
Dakota Gasification Company have submitted a proposal titled *Commercial Scale Demonstration of the Liquid Phase Methanol 
(LPMEOH) Process.- If selected, a joint venture between Air Products and Dakota would conduct a cost-shared, demonstration 
project at Dakota's Great Plains Synfuels Plant in Beulah, North Dakota. The proposed LPMEOH technology offers significant 
potential to reduce electric power generation costs and provide for alternative liquid fuels 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Coal Gasification Combined Cycle (CGCC) is the cleanest technology for generating electric power from coal. The LPMEOH 
technology was developed specifically to be used with CGCC to reduce capital coats and to improve the flexibility of electric power 
production by efficiently storing energy in the form of methanol. The LPMEOH process has been shown at pilot scale to be suited 
for use with synthesis gas produced from all of the major coal gasifiers. 

Fuel-grade methanol produced at Great Plains by the LPMEO}1 process will be used in tests to demonstrate its suitability for 
boilers, turbine and transportation fuel applications. 

About 10 percent of the synthesis gas currently produced at the Great Plains plant will be converted to make 500 tons per day of 
methanol, while the remaining synthesis gas will continue to be used in making substitute natural gas. 

A six-year program is estimated to cost $213 million. 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - K}ID Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-350) 

K}ID and Sumitomo agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasification 
processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant was designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen arc 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-MO) 

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 December, 1990, 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 - Coal Technolog y Corporation and United States Department of 
Energy (C-370) 

Coal Technolo2v Corporation, formerly United Coal Company's Research Division, UCC Research Corporation has built a Mild 
Gasification Process Demonstration Unit at its research center in Bristol, Virginia. The unit is capable of processing 1 ton per day 
of coal or coal waste. Under the sponsorship 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 extraction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase II continues un-
der the sponsorship of the U. S. Department of Energy/Morgantown Energy Technology Center involving further development of 
the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program as com pleted the fol-
lowing:

Developed a detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducted a extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Tests of 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 are on2oinz. 

Evaluation of the coal liquids as a home heating fuel. 

Distillation of 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.
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COMMERCIAL AND R&D PROJECTS (Confined) 

The process demonstration unit underwent a modification phase initially to enhance the overall unit performance. Modifications to 
the condensing system, reactor tubes, furnace, and coal feed system were made. 

Work S now concentrated on *03 ton per hour continuous mild gasification orocesa demonstration unit for the production of 
coproducts. The work is oriented toward production of transportation fuels and metallur gical coke for blast furnaces. 

Project Cat Not disclosed 

AMAX S claiming a 1.000 ton per day commercial demonstration plant at its Eagle Butte Mine near Gillette. Wyoming. Inclined 
fluid-bed reactors will be used for dryins and mild nsification. 

The first liquid product, dirty pitch, will be used to spay the dry coal. Clean nitdi will be used as a binder for carbon anodes used 
in aluminum production. The oil product will be used to run the heavy mine ecuinment. 

MINNESOTA a nAVEL PROJECT - Minnesota Pawn and Lisht Comnanv, BNI Coal. Institute of Gas Technology, Electric 
Power Research Institute and Bechtel Cornoration (C-373) 

MONLASH HYDROLJQUEPAC110N PROJECT - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into the structure and hydroliquefaction of Victorian brown coal. Batch autoclave and other studies are being con-
ducted. 

The work S largely supported by the Coal Corporation of Victoria 

Earlier studies on the hydroliquefaction of brown coal have led to a more detailed study of its structure and reactivity and are 
based on extensive collaborations with a number of other laboratories in Australia These lead to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure- The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulcisic polymer has yet to be defined. 

The use of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 
sua has been achieved in characterising the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/alunrinate system. 

A wide range of collaborative projects are currently in progress. 

Project Cat 310 million (Australian) since commencement
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STATUS OF COAL PROJECTS (Underline denetes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Conduced) 

MONGOLIAN ENERGY CE'JTER - People's Republic of China (C-390) 

One of China's largest energy and chemical materials centers is under construction in the southwestern part of Inner Mongolia. 
The first-phase construction of the Jungar Coal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tons, is in full swing and will have an annual capacity of 15 million tons by 1995. 

The lh Je League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coal to produce chemical fertilizers. A Japanese company has completed a feasibility report. 

The region may be Ch ina's moat important center of the coal-chemical industry and the ceramic industry in the next century. 

MRS GASIFICATION PROCESS PROJECF - British Gas plc and Osaka Gas Company Ltd. (C4G)) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to producemethane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) incorporating Internal gas recirculation in an entrained flow system has been developed to provide a means of 
carrying out the process without the problems of coal agglomeration, having to deal with excessive coal fines, or excessive 
hydrogenating gas preheat as found in earlier work. 

A 200 kilogram per hour - plant was built to prove the reactor concept and to determine the overall process economics. The 
process uses an entrained flow reactor with internal gas recirculation based on the Gas Recycle Hydrogenator (ORB) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was started. 

In December, 1988, it was announced that the sponsors would go ahead with the second stage of the joint research program. The 
next step will be to any out a further three year development program which will expend the pilot plant facilities to enable mom 
advanced testing to be carried out. 

Through 1988, performance tests have been conducted at over 30 different operating conditions. Three different coals have been 
tested, and a total of 7 tonaes have been gasified at temperatures of between 840 degrees centigrade and 1,000 degrees centigrade. 
However, the initial plant design only allowed tests of up to a few hours duration to be carried out. The new program will allow 
tests each lasting for days rather than hours by modifying the plant to allow a continuous stream of fine powdered coal to be fed 
into the reactor. 

Project Cost Phase I $16 million 
Phase II $7.4 million 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Fact' Development Organization (NEDO) (C-410) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the fiat oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 130 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three processdevelopment units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 150 tons per day pilot plant. 

In the proposed - plant, bituminous coal will be liquefied in the presence of activated lion catalysts Synthetic iron sulfide or 
iron dust will be used as catalyst 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. 

Detailed design of the new pilot plant has been completed. It Is expected that the pilot plant will start operation In 1991 

In 1988,5 different coals were processed in the bench scale unit with encouraging result 

Project Cat: 100 billion yen, not including the three existing PDU
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COMMERCIAL AND R&D PROJECTS (Continued) 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (0.420) 

A group of Swedish companies are planning to build a gasification plant in 	 den. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification F. 	 to produce fuel gas for a combined cycle unit and synthesis gas for ammonia 
production. Initially, the facility will produce 280 megawatts of electricity, 200, tons of ammonia per year, hot water for the 
Southern Stockholm district heating system, and industrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery 
in Nynashamn will switch to fuel gas from NEX. The plant is scheduled to go on stream in 1991. 

Participants in the project arc AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank. 

The Investment Bank, AGA, and Johnson are equal partners in a new company, Nynas Koinbinate AR, which owns 1W percent of 
NEX. AGA will build on their own the air separation plant for the facility. 

Project Cost US$SW million 

OHIO-I COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-430) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project to 
produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to produce 
300,0 gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. Production 
of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This plant will use 
high grade sulfur coal from existing mines in the area. 

The proposed project will utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw synthesis gas. The gas 
S cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler feed 
water heat exchanger to recover available energy for use in the plant Solids removed by the cyclone(s) are recycled to the gasifier 
to improve the carton conversion efficiency. Carton conversions of approximately 96+ percent are expected. The raw gas, 
cleaned of particulate matter, is processed in the synthesis section. 

Project Cat $260 million 

OHIO COAL/OIL CO-PROCESSING PROJECT - Ohio Clean Fuels Inc., Stone and Webster Engineering Corp., HRI Inc., Ohio Coal 
Development Office, and United States Department of Energy (C440) 

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 top clean liquid fuels. The process to be utilized is 
HRI, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
simultaneously convened to clean distillate fuels. A t3pica? C 4-975 degrees F distillate fuel will contain 03 percent sulfur and 
03 percent nitrogen. The prototype plant will process SW tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant was slated for 1994, however, it will likel y be delayed to 1996 because of problems 
with set 

The products were orisinally slated for transoottatiom fuels, however. em phasis has switched to finding an alternative market such 
as * host utility that would burn the fuel for electricity aeneration. 

The project was selected by DOE for financial assistance in the Clean Cal Technology Program Round One. Continued funding 
by DOE. however. hinres on Ohio's ability to find an alternative market for the fuel. 

Project Cost: Estimated $226 million 

OULU AMMONIA FROM PEAT PROJECT - Kemira Oy (C450) 

Kemira of Finland is building a pressurized fluidized bed peat gasification system for producing synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is to be 90,000 tons per year. 

Currently Kemira operates in Oulu a minor ammonia plant based on the gasification of heavy fuel oil. However, peat is the only 
realistic domestic raw material for synthesis gas in Finland. Therefore, a research program aiming at the gasification of peat was 
started in the middle of the 1970L
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COMMERCIAL AND R&D PROJECTS (Cocllrod) 

The gasification plant includes as Integrated individual processes: peat transfer, screening, crushing, tying, pressurized HTW 
fluidized bed gasification, soot removal, raw gas w.iipa..lOfl and three-stage gas purification. The existing Pyroflow boiler plant 
serves for tact' supply and a waste Incinerator. The gasification plant was placed in operation in June i. It has a capacity of 
ISO megawatts, thermal. 

Project Cost Investment costs are expected to be F1M225 million. 

P-CU PROCESS - Interproject Service AB Sweden and Nippon Steel Corporations Japan (C-455) 

The Pressurized-Coal Iron Gasification process (P-CU) S based on the Injection of pulverized coal and oxygen into an iron melt at 
overatmospheric pressure. The development started at the Royal Institute of Technology in Stockholm in the beginning of the 
1970s with the nonpressurized CO Process. Over the yearn work had been done on irnnmakmn& coal gasification and ferroalloy 
production in laboratory and - plant scale. 

In 1984, Interproject Service AB of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-00
Process in pilot plant scale. The pilot plant system was built up at the Metallurgical Research Station (MEFOS) in Lulea, Sweden. 
The P-CO Process uti lizes the bottom blowing process for injection of coal and oxygen in the iron melt. The first tests started in 
1985 and several test campaigns were carried out through 1986. The results were then used for the design ofa demonstration plant 
with a gasification capacity of 500 tons of coal per day. 

According to project sponsors, the P-CO Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
iron of 40 tons. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland ((>460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-1 'Complex 
Coal Processing, and in 1986 to a Central Research and Development Program under the same title. 

The leading and coordinating unit for the coal liquefaction research has been the Coal Conversion Institute, part of the Central 
Mining Institute. 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The. investigations were carried out up to 
the bench scale unit (120 kilograms of coal per day). The next step-tests on a Process Development Unit (PDU)-met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not achehed. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled (or two tonnes of coal per day. 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first integrated run of the entire unit was carried out. 

The significant, original feature of this direct, non-catalytic, middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product (torn the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
distribution of residence times for different fractions of products is obtained, the proper hydrodynamics of a three-phase reactor is 
provided and the content of mineral matter (which acts as a catalyst) in the reactants is increased. From 1987 systematic tests on 
low rank coal type 31 have been carried out, with over 100 tons of coal processed in steady-state perimeters. 

The results from the operation of the PDU will be used in the design of a - plant with a capacity of 200 tonnes coal per day 
which is expected to be completed by the end of the eighties. 

POWERGEN COMBINED PFBC/GCC SYSTEM - PowerGen, Ahlstrom, and British Coal ((>465) 

PowerOen, the non-nuclear successor company to Great Britian's Central Electricity Generating Board (CEOB), has proposed a 
research project utilizing the pressurized fluidized bed combustion process (PFBC) developed at Grimethorpe, South Yorkshire. 

The project is intended to increase the output of the power station by incorporation a turbine which runs on a combination of 
gasified coal and exhaust from the pressurized fluizied bed combustor.
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COMMERCIAL AND R&D PROJECTS (Continued) 

In conventional PFBC, coal is burned in a fluidized bed under pressure, and the hot pressurized combustion gases are fed directly 
into a gas turbine. However, the operating temprature in a PFBC unit is usually only about 850 C to avoid softening the ash and 
impeding fluidiration. This comparatively low temperature limits efficiency. 

To overcome this, British Coal engineers proposed a topping cycle. It would entail injecting a fuel gas into the hot PFBC combus-
tion gas and burning the combination in the gas turbine inlet, raising the hot gas temperature to 1,100 C or more. 

At first, the fuel gas would be natural gas. In due course the intention would be to couple a coal gasifier and a PFBC unit. 

Coal would be partially gasified, and the solid residue burned in the PFBC unit; the fuel gas from the gasifier would be burned in 
the hot combustion gas in a fully coal-fired topping cycle. 

PRENFLO GASIFICATION PILOT PLANT - Knapp Koppers Gnibll (1(K) (C-470) 

Knipp Koppers, of Essen, West Germany (in United States known under the name of 01ff Gesellsthaft fuer Kohle-Technologie) 
are presently operating a 48 toes per day demonstration plant and designing a 1,W) toes per day demonstration module for the 
PRENFLO (pressurized entrained flow) proesa The PRENFLO process is KK's pressurized version of the Koppers-Totzek (1(T) 
now gasifler. 

In 1973, KK started experiments using a - KT gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij By and KK for a cooperation in the development of the pressurized version of the KT 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 pain was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
prcxea 

Krupp Koppers has decided to continue development with a test facility 0148 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. By September 1988, more than 6,2W hours of operation had 
been accumulated. 

Knapp Koppers and Siemens, KWU Groups are planning a demonstration 16CC plant based on the PRENFLO process. This 
demonstration plant will have a capacity 01160 megawatts, based on one PRENFLOW module with 1,2® tonnes per day coal 
throughput and two Siemens V64 gas turbines. The detailed engineering is expected to be finished in 1989, so that a contract can 
be awarded in the second half of the year. The startup of the plant is planned for 1992. 

Project Cost Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (CM) 

In September of 1988, Kellogg was awarded a contract by the DOE to study the application of transport mode gasification and 
combustion of coal in an Advanced Hybrid power cycle. The cycle is expected to reduce the cost of electricity by 20 percent and 
raise plant efficiency to 45 percent or more. 

The Hybrid system combines the advantages of a pressurized coal gasifier and a pressurized combustor which are used to drive a 
high efficiency gas turbine generator to produce electricity. The proprietary Kellogg system processes pulverized coal and lime-
stone and relies on high velocity transport reactors to achieve high conversion and low emissions. 

The gasifier converts part of the coal to a low-MV gas that is filtered and sent to the gas turbine. The remaining char is coin-
busted and the flue gas is filtered and also goes to the gas turbine. The advantages of the system in addition to high efficiency are 
lower capital cost and greatly reduced SO and NO  emissions. 

Kellogg anticipates following up the study work with bench scale and pilot plant testing of the concept. 

RJ-IEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C480) 

Rheinbraun and IJhde have been cooperating since 1975 on development of the High Temperature Winkler  fluidized bed gasifica-
tion process. 

Based on operational experience with various coal gasification processes, especially with ambient pressure Winkler gasifiers, 
Rheinische Braunkoblenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High. 
Temperature Winkler (Ifl'W) process. The engineering contractor for this process is Uhde GmbH. 
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STATUS OF COAL PROJECTS (Underline denotes ehnan since December 1989) 

COMMERCIAL AND R&D PROJECTS (Cotod) 

The development was started at the lnstitut fur EisenhuttenkundC of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pre-tests with this P011 a - plant operating at pressure 0110 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 13 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21,000 tonnes of dried 
brown coal were processed in about 38,000 hours of operation. The specific synthesis gas yield reached 1,580 standard cubic meters 
per tonne of brown tonI, MAP, corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1800 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 gasiflets. 

After gasification tests with Finnish peat in the HTW pilot plant in the spring 011984 the Kemiri Oy Company. Finland decided to 
convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the HTW process. The plant 
is designed to gasify approximately 650 tons per day of peat at 10 bar and processit to 280 tons per day of ammonia. This plant 
started up in 1988. 

Rheinbraun constructed .30 ton per hour demonstration plant for the production of 300 million cubic meters syngas per year. MI 
engineering for gasifier and gas after-treatment Including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rbeinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union Kraftstoff subsidiary for methanol production testing 
periods. From startup in January 1986 until end of July 1989 about 406,400 tonnes of dried brown coal were processed within about 
15,100 hours of operation. During this time about 510 million cubic meters of synthesis gas were produced. The plant availability 
was increased to 100 percent during the first quarter of 1989. The longest period of continuous operation was 109 days from end of 
December to mid April. 1989. 

Studies for further development of the irrw process for higher pressures up to about 25 bar are being performed including op-
timization of the processing system as well as operation in a recycling fluidized bed especially in respect to utilization for combined 
power production. 

The erection of a new pilot plant for pressures up to 25 bar and throughputs up to 63 tons per hour is planned on the site of the 
former pilot plant S hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction was completed in mid-1989. Startup is planned for October 1989. 

This work is performed in close co-ordination with Rheinbraun's parent company, the Rheinisch-Westfalisches Elektriritatswe& 
which operates a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity will have to be renewed 
after the turn of the century, it is intended to develop the 16CC technology so as to have a process option available for the new 
power plant Tests will be carried out with air and oxygen as gasifying agent starting in late 1989. Based on the results of these 
tests and on the operating experience gained with the lfW synthesis gas plant, a decision on the construction of a demonstration 
plant for integrated HTW gasification combined cycle (HTW-IGCC) power generation will be taken around mid-1991. 

Project Cow Not disclosed 

SASOL - SasS Limited (C-490) 

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 Saint in South Africa in the course of 
more than 30 years. A unique pros in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Said plant was established in Sasolburg in the early fifties. The much larger Sad Two and Three plants, at Secunda - 
situated on the Eastern His)weld of Transvaal, came on-stream in 1980 and 1%Z respectively. 

The two Secunda plants art 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, tons; and of water, 160 megaliters. Sasol's facilities at Secunda for the production of oxygen art by far the 
largest in the world. 

Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Rectisol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by mean of the Sasol developed Synthol process. 

The products of Sasol Two and Three, other than liquid flick, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division.
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Confirmed) 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four Secunda Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development programme, process design, en-
gineerin& project management, and transfer of technology. 

Project Cat: SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates limited; Gulf 
Canada Products Company (a subsidiary of Gull Canada Limited); NOVA, 

an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C-SW) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. A contract was completed 
with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLI'). A feasibility report was com-
pleted and flnanceability options discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium Scotia Synfuels has down sized the project 
to 12,500 barrels per day based on a coprocessing concept and purchased the Point Tupper site from Ultramar Canada Inc. Recent 
developments in co-processing technology have reduced the capital cost estimates to under $C300 million. 

Scotia Synfuels and partners have also concluded an agreement with the Nova Scotia government supported by the federal govern-
ment for financial assistance on a $23 million coprocessing feasibility study. The study is expected to be completed by June, 1990.. 

Project Cost Approximately $23 million for the feasibility study 
Approximately (3500 million for the plant 

SCRUBGRASS - Scrubgrass Associates (C-510) 

Scrubgrass Associates (SCA) 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 OKT 
entrained-flow coal gasification, ICK methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SIC dropped the project from further consideration. 

Scrubgrass Power Corporation has convened the project from production of liquid fuels to the production of electric power, at the 
same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. The 
- 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. 

Project Cost See above 

SEP GASIFICATION POWER PLANT PROJECT - SEP (520) 

Samenwerkende Eiektriciteits-Productiebedrijvn (SEP), the Central Dutch electricity generating company, has submitted to the 
government a plan to build a 250 megawatt coal gasification plant, to be ready in 1993. SEP's previous electricity plan, approved 
early in 1987, contained a project to build a 600 megawatt coal gasification unit at Maasvlakte, near Rotterdam, but construction for 
startup in 1997 will now be based on experience gained from the smaller plant. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April, 1989 it was announced that the Shell process had been chosen. 

The location of the gasification/combined cycle demonstration station is likely to be in BuMenum, in the province of linburg. 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

After two years of experimentation, the plant may be expanded to 600 megawatts capacity. 

Project Cat: DP1.700 million 

SHANGHAI CHEMICALS FROM COAL PLANT - People's Republic of China (C-525) 

The Chinese government has approved construction of a new methanol complex. Using coal as raw material, the Shanghai-based 
plant is expected to produce 100,000 tons per year of methanol and 15, tons per year of acetate fiber. Completion is due in 
1992, 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-530) 

ShellOil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day - plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Haiburg refinery since 1978 with over 
600.) hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Shell Oil Company has constructed a demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process, 
at its Deer Park Manufacturing Complex near Houston, TX. The facility's gasifier uses high-purity oxygen to process a wide range 
of coals, including about 250 tons per day of high sulfur bituminous coal or about 400 tons per day of lignite. The medium-BTU 
gas and steam produced are consumed in Shell's adjacent manufacturing complex. The Electric Power Research Institute is also 
participant in the program. 

Shell's demonstration unit started up in July 1987 and reached design capacity within the first 50 hours of operation. During the 
five month period from December 1987 to May 1988, the unit operated at design-conditions 82 percent of the time. Additionally, 
the unit has successfully completed a planned demonstration run of 1500 hours - or more than two months - of continuous opera-
tion. The plant operated smoothly and met design conditions. During the demonstration the unit consumed about 230 tons daily 
of Illinois Na 5 coal containing 3 percent sulfur. The smooth plant operation during this long run indicates the reliability of the 
Process and mechanical features of the Shell Coal Gasification technology. 

The long run also validated the environmental acceptability of the Shell process. The plant's emissions were well below the limits 
of the company's Texas air quality permit, while the wastewater was treated at the plant's bio-treater and posed no significant 
operating problems. The product gas contained the required low level of sulfur compounds and no detectable solids. The slag 
produced was used locally in a variety of construction applications. 

Since achievement of the long demonstration run, the plant has focused on evaluation of additional coals, plant runs aimed at op-
titnbing design rules and technology improvements. Eleven different coals have been run in the demonstration unit including those 
from the Illinois Basin, Northern and Central Appalachia, Powder River Basin, Texas lignite, and Australian coals. 

Project Cost Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-540) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a six fool diameter and a throughput of 300 toes per day.) The plant successfully operated on a wide range 
of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable proportion of 
fine coal in the feed to the top of the gather has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular hit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully 
between 1975 and 1983. Total operating time was over one year and over 100,000 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 73 feet. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine to gener-
ate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 1,950 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. Currently this gasifier has operated for approximately 
1300 hours and has gasified over MAW tons of U.K. and U.S. (Pittsburgh No. 8) coals. 
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (Ceathmed) 

In addition to the current 500 ton per day gaaifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 70 atmospheres was constructed in 1988. It is designed for a throughput of 200 tons per day. The unit is to be used 
to study the effect of pressure on methane production and gasifier performance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-550) 

The South Austral ian 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 COS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco and studies are continuing in conjunction with Sumitomo Ubde-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 Rheinbrnun IITW 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, PRO, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbrnun pilot plant at Frechen-Wachtberg, PRO has been completed. 

The third phase, the detailed costing and feasibility study, was deferred in 1988 for at least three years due to deferred need for 
new electric capacity with significant reduced electricity load growth. 

Project Cost: DM 73 million 

SYWTHESEGAWJLkGE RUHR (SAR) - Ruhrkohle Get and Gas 6mb!! and Hoechst (C-SW) 

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 cool gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. As of 1989 the gasification plant is to be modified to allow for input of either hard coat or heavy 
oil residues. The initial investment was 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 Costic DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-570) 

The Texaco Coal Gasification Process reached a milestone in January, 1989 with the successful completion of the five year 
demonstration of commercial operation by the Cool Water Coal Gasification Program. After production of more than 23 billion 
kilowatt hours of electricity from gasification of more than one million tons of coal, the Cool Water Program completed operation 
in late January to permit full documentation of the results. As the first fully integrated commercial scale gasification combined 
cycle power plant in the world, Cool Water demonstrated the ability of the texaco process to efficiently use a wide range of coals in 
an environmentally superior manner. Emissions of sulfur dioxide, oxides of nitrogen and particulates from even high sulfur coals 
were far below the stringent Federal New Source Performance Standards requirements for coat fired plants. 

The Texaco Coal Gasification Process can be used for the commercial production of electric power and a variety of products, and 
has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects currently in 
operationutilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which manufactures 
methanol and acetic anhydride, the 1,650 tons per day Ube Ammonia plant which manufactures ammonia, and the 800 tons per 
day SAR plant in Oberhausen, West Germany for the manufacture of oxo-chemicals. Commercial projects currently in detailed 
design and/or construction include the 400 ton per day Luflan Coal Gasification Plant in China to manufacture ammonia, and the 
1,100 tons per day Shoudu Coal Gasification Plant in Beijing, China, which will produce town gas. Many United States utilities are 
actively considering coal gasification for future electric power capacity additions, and are working with Texaco on detailed site-
specific studies of the Texaco process. Outside the U. S. many projects using Texaco's technology are in the evaluation stage and 
include plants to be located in the Netherlands, Sweden, Denmark, Italy and China. 

Project Cost: Not applicable
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COMMERCIAL AND R&D PROJECTS (Continued) 

UBE AMMONIA-PROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process (TCGfl. There are tour 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 
tar, 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 rust drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative front end of the existing steam reforming 
process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required. 

The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost of 
ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant 
is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

yEW GASIFICATION PROCESS - Vereinigte I3lektrizitatswerke (0600) 

A gasification process being specially developed for application in power plants is the yEW Coal Conversion Process of Vereinigte 
Eiektrittatswerke, a German utility The process works on the principle of entrained flow. Coal is partly gasified with air and the 
remaining coke is burned separately in a fluidized bed combustion unit. Because the coal is only partly gasified, it is not necessary 
to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Three variants are being tested for gas cleaning, 
whereby both wet and dry gas cleaning an being applied. These consist of: 

Wet gas-cleaning with prescrubbiag to remove NH4CL, and ainisol washing plus a Claus plant to remove sulfur. 

Prescnzbbing to remove NII4CL, with combustion of gases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation in the POD plant 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which time is used as a reagent, with sulfur 
removal in the POD plant. 

yEW is presently planning the conversion of one of its six gas-fired power stations to the new technology. The coal gasification 
process is expected to be fully developed by 1990. 

Project Cost Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. lid. (0610) 

DCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of dry ash free 
coal. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nisaho 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 (NEI)O). NBCL is entrusted with implementation of the entire program, and DCLV 
is carrying out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the dryin& slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of sotvent 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 BC. 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.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The pilot plant is located adjacent to the Moiwell open cut brown coal mine. Davy McKee Pacific Ply. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cat: Undisclosed 

WESTERN ENERGY COAL CLEANING DEMONSTRATION - Western Energy ComDany, United States Department of Energy 
(C-616) 

The United States Department of Energy has ocened nenotiations with Western Ener gy Company for funding as a replacement 
Droject in Round One of the Department's Clean Coal Technology Program. 

WUJINO TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C.620) 

Shanghai Coking and Chemical Plant is considering n 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 9925 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600, grant to SCCP from the United States trade and 
development program ('fl)P), International Development Cooperation Agency. 

Phase I, designed to produce one million cubic meters per day of town gas, 100,000 tons per year of methanol, and 15,000 tons per 
year of cellulose acetate was submitted to the Chinese National Planning Board for approval by Shanghai municipality in April, 
1988. It was approved by the Chinese National Planning Board at the end of September, 1989. 

Project Cost: Not disclosed 

Ji'Jt'J 

66 onrcent.
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1989) 

COMMERCIAL AND R&D PROJECTS (CoSlnasd) 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-630) 

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 UCO. 
However, experts from the United States, Francs, 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 (CRIP) 
technology developed by the Lawrence Livermore National Laboratory. 

The first information well (UCO-1) has been drilled in Mebsana City structure located in North Gujarat. Detailed hydrological, 
geological and geophysical studies have been completed. Detailed 3-D seismic work has been done. Another well is proposed to 
be drilled for more data gathering before actual gasification in 1989-90. 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT— Belgium, European Economic 
Community, and Federal Republic of Germany (C-640) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 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 1974 when a Belgo-German cooperation agreement was signed which resulted in the execution of an experimental 
underground gasification project sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area where 
the deposits are still unworked because of the considerable tectonic disturbances present between the surface and the 800 meter 
level. Work began in 1979 and is planned to continue into 1987. 

The first reverse combustion experiment was executed from April to October 1982 without the formation of a linking channel. The 
test had to be halted due to self-ignition of the coal, after 33 days. In November 1982 the fire was extinguished by injection of 
water and nitrogen. 

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 alter 
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 sell-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 W) bar at the outlet. 

During the last trial, the combustion evolved to gasification, producing 150 cubic meters per hour of lean gas during 12 days. A 
careful analysis, however, of the available data (flow/pressure, tracer tests) did not show any evidence that a channel had been 
started. The experiment has been stopped, while intensive work is devoted to solving the corrosion problems (the tubing has to 
withstand both cold and hot corrosion), and to preparing a trial with strongly deviated drillings, starting from the existing wells. 

This trial has been made with success in September 1985: a drainbole of 40 meters length (27 meters in coal) has been drilled from 
Well I in the direction of Well H, and a flexible liner has been set inside this drainhole. However, the azimuth control was poor. It 
is planned to drill a sidetrack from Well H and to link it with the drainhole in early 1986; this delay is due to the long delivery time 
of the special, corrosion resisting material to be set inside Well U. 

In December 1985 and January 1984 a sidetracked hole was drilled from the level 670 of Well II and crossed the seam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in the 
injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. The 
preparatory works (wellhead modification, design construction, and tests of the new equipment ended in August 1986. 
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Alter preliminary trials made above ground to simulate the conditions of rubber hose combustion, the underground trial took place 
on August 24 and was only partially successful. About 10 meters of rubber hose were destroyed, but the connection with the 
recovery well was reduced by tar accumulation and it was still impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the 
injection well, the sponsors decided to start the gasification without any change to the equipment. 

They tried to provoke self-ignition of the coal by injecting a small flow, of oxygen enriched air this succeeded on October 14. the 
program is rug, 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. 

Funding for the project was terminated as of October, 1989. 

Project Cost Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livennore National Laboratory (C-650) 

Initial LLNL work involved development of the packed bed process for UCO, using explosive fracturing to link injection and 
production wells. A field test, Hoe Creek Na 1, was conducted during FY1976-1977, to test the concept. The second experiment, 
carried out during FY1977-78, Hoe Creek No.2, was linked using reverse combustion and produced 100-150 BTU per standard 
cubic foot gas using air injection, and 250.300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The 
next experiment, Hoe Creek No. 3 was carried out during the FY1978-79, using a drilled channel to provide the link. The test ran 
for 57 days, 47 consecutive days using steam and oxygen during which 3,800 tons of coal were gasified with an average heating value 
of 215 BTU per standard cubic foot. The test showed that long term use of steam oxygen for UCG is technically feasible, 
operationally simple and safe. 

As a result of the experience at Hoe Creek LLNL developed the Controlled Retracting Injection Point (CR11') concept for UCG. 
The development of this gasification method was a result of recognition of the importance of maintaining oxygen injection in a 
UCO reactor low in the seam. The CR11' concept insures a low injection point by using a horizontally drilled injection well placed 
at the bottom of the seam, in which a steel liner is inserted the full length of the hole. In addition, the technique also allows 
multiple cavities to be developed from a single injection well. This is accomplished through the use of an igniter/cutter assembly in 
the injection well capable of burning through the injection well liner and igniting the coal. This new concept was first tested in the 
'Large Block Tests' carried out in FY1982 at the WIDCO mine site. In addition to testing the new CR11' concept for the first time, 
these tests were designed to be midway between laboratory and full field scale. This mid-scale size allowed the burn cavities to be 
excavated yielding valuable information about UCG cavity growth. 

The results of the 'Large Block Tests' led to the design of the Centralia Partial Seam CR11' test which was carried out in 
FY1983-84. This test which used the upper half of the Big Dirty seam demonstrated the technical feasibility of the CR11' method 
on a full-scale system. Two cavities were developed and over 2,000 tons of coal were gasified with steam and oxygen, producing an 
average heating value of 240 BflJ per standard cubic foot. Because of routine mining operations at the WIDCO mine site where 
the test was performed, LLNL had the opportunity to excavate this large scale burn during FY1986. This excavation was extremely 
valuable in helping to refine the UCG process model as well as providing data for model validation. 

The CRlF concept was carried to an even larger scale in the Rocky Mountain I (KM-I) UCG test performed in FY19SS. The RM-I 
test was a nominal 100 day test of two technologies for UCO performed near Hanna, Wyoming at the site of previous DOE UCG 
tests. In addition to the CRIP module a second module called the Extended Linked Well (ELW) module was also operated. The 
CR11' module performed extremely well. Approximately 10,000 tons of coal were gasified over the course of 93 days of forward 
gasification. The 287 WFU per standard cubic foot average gas hating value was the highest level ever obtained in a flat lying coal 
seam. The process also demonstrated efficiencies equal to that of surface gasification units. During operation of the CR11' module 
four separate cavities were generated demonstrating the ability of the CR11' technology to reliably generate multiple cavities from a 
single injection well. 

The KM-I test was jointly sponsored by the DOE and private industry. LLNL involvement in the test included supply and 
operation of data acquisition hardware and software, supply and operation of gas analysis equipment, technical input to test design 
and operation, and supply of personnel for technical operation of the test. 

In addition to involvement in field work, LLNL has over the course of the last several years developed a state-of-the-art computer 
model of the UCG process. This model, called CAVSIM, addresses both gas composition and resource recovery questions 
associated with UCO. The model successfully predicted the shape of the cavity uncovered during the excavation of the Centralia 
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Partial Seam CRlF test. In addition, model computations of coal consumption and gas production rates in a simulation of the 
Rid-I test have been shown to agree very well with the field data. 

Project Cost Not disclosed 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN 1 ThS'F - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Union Pacific Resources Company, and United States Department of Energy (C-670) 

A field test of the Controlled Retracting Injection Point (CRlF) technology was conducted in late 1987 and catty 1988 near Hanna, 
Wyoming. The test, named 'Rocky Mountain 1,' is funded by the United States Department of Energy (DOE) and a four member 
industrial consortium. The consortium, headed by the Gas Research Institute, also includes the Electric Power Research Institute, 
Amoco Production Company Research Center, and Union Pacific Resources Company. 

The test site is about two miles south of 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 1970a to improve 
the efficiency, boost resource recovery, and Increase the reliability of underground coal gasification. The CRlF 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 procees. 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 gasiries from the bottom of the seam upward producing 
medium-Bit) gases. The gases are transported to the surface either through a second horizontal well near the top of the seam or 
through widely spaced vertical wells bored into the coal seam. As sections of the coal scam 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 created multiple cavities in two parallel rows 350 feet underground in a 30 foot thick 
subbituminous coal seam. One row consisted of a 300 foot long CRlF module. The other ELW module used vertical injection 
wells similar to those in previous underground field tests. 

A companion effort will evaluate the ecological and environmental aspects of underground coal gasification. 

Very satisfactory results were obtained from both modules. The CRlF module, the better of the two, gasified 11,000 tons of coal 
over a 93 day interval, producing a product with an average heating value of 287 BTU/SCF, dry gas comp. 38% H 2,9% CH4, 12% 
CO and 38% CO2, at an oxygen utilization efficiency level of 1640 MU/02 (IIIIV). 

Project Cat: $915 million 

UNDERGROUND GASIFICATION OF ANFHRACFI'E, SPRUCE CREEK - Spruce Creek Energy Company a joint venture of 
Gilman Company, Geosystems Corporation, and Bradley Resources Corporation (0680) 

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 gasiflcation-of.steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The votatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Cat: Not disclosed 

UNDERGROUND COAL GASIFICATION, RAWLINS PROJECT— Energy International, Inc. and United States Department of 
Energy (C-690) 

Energy International (El), Inc. has been authorized to receive $12 million from the Department of Ener gjs Clean Coal Technology 
Program in support of an underground coal gasification (UCO) project near Rawlins, Wyoming. The DOE money, which will be 
repaid from any resulting profits, will supplement the private sector financing that will fund the UCG production of syngas to make 
Mnmoa 

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 utilizing the steeply dipping coal seam. The site of the earlier work has now been 
environmentally restored and the new project will be located nearby.
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As part of its Rawlins project, El plans to purchase an existing ammonia plant in Augusta, Georgia and an existing oxygen plant in 
Sault Ste. Marie, Canada, and move them to the Wyoming project site. 

Project Cat $113 million
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COMPLETED AND SUSPENDED PROJECTS 

Project 

A-C Valley Corporation Project 

Acurex-Aemthenn Low-BTU Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Flash Hydropyiolysis 

Agglomerating Burner Project 

Air Products Slagging Gasifier 
Project 

Alabama Synthetic Fuels Project 

Ama, Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Process 

Bell High Mass Flux Gasifier 

Beluga Methanol Project 

BI-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Faxed-Bed Slagging Project 

Car-Mo, Low-BTU Gasification 
Project

Sponsors 

A-C Valley Corporation 

Acurex-Aerothenn Corporation 
Glen-Ocry Corporation 
United States Department of Energy 

Arthur D. Little, Inc. 
Foster-Wheeler 
United States Department of Energy 

Rockwell International 
U.S. Department of Energy 

Battelle Memorial Institute 
United States Department of Energy 

Air Products and Chemicals, Inc 

AMTAR Inc. 
Applied Energetics Inc 

AMA) Inc 

M. W. Kellogg Co. 
United States Department of Energy 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Eiectec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

See Tenneco SNG from Coal 

Standard Oil Company (Ohio) 
TRW, Inc. 

Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Cook Inlet Region, Inc. 
Placer U. S. Inc. 

United States Department of Energy 

Bechtel Petroleum, Inc 

El Paso Natural Gas Company 

Dravo Constructors 
World Energy Inc. 

Calderon Energy Company 

Pike Chemicals, Inc.

Last Aooearance in SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-B 

June 1987; page 447 

September 1978; page B-fl 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

September 1989 page 4-53 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981; page 4-72 

December 1983 page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

December 1985; page 4-73 

March 1980; page 4-53 
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Catalytic Coal Liquefaction Gulf Research and Development December 1978; page B-25 

Caterpillar Low Bit Gas From Coal Caterpillar Tractor Company September 1988; page 4-55 

Celanese Coastal Bend Project Celanese Corporation December 1982, page 4-83 

Celanese East Tens Project Celanese Corporation December 198Z page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active Fluid Bed Central & Southwest Corporation (tour December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Faster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page B-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project D,asco 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 198Z page 445 

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 

Coaler Process Development Coaler Energy December 1978; page 8-26 

COGAS Process Development COQAS 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
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Conoco Pipeline Gas Demonstra- 	 Conoco Coal Development Company	 September 1981; page 4-57 
tion Plant Project 	 Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Tens Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy

Cool Water Gasification Program Bechtel Power Corporation September 1989 page 448 
Empire State Electric Energy Research Corporation 
Electric Power Research Institute 
General Electric Company 
Japan Cool Water Program Partnership 
Sohio Alternate Energy 
Southern California Edison 

Cresap Liquid Fuels Plant fluor Engineers and Constructors December 1979 page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-8 
Project TransWortd Resources 

DeSota County, Mississippi Mississippi Power and Light September 1991; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

Dow Gasification Process Development Dow Chemical Company June;1987 page 4-53 

EDS Process Anaconda Minerals Company June 1985; page 4-63 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle AG. 
United States Department of Energy 

Elmwood Coal-Water-Fuel Project Foster Wheeler Tennessee March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Earecon, Inc. September 1985; page 4-66 

Exxon Catalytic Gasification Exxon Company USA December 1984; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 

Fast fluid Bed Gasification Hydrocarbon Research, Inc December 174 page 4-90 
United States Department of Energy 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat Tm
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KRW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidental Research Corporation December 1982; page 4-91 
Conversion United States Department of Energy 

Flash Pyrolysis of Coal Brookhaven National Laboratory June 1988; page 4-69 

Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 

Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 1980 page 4-68 
Program United States Department of Energy 

Fulaiji Low-BTU Gasifier M.W. Kellogg Company December 1988, page 4-59 
People's Republic of China 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1993; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Greek lignite Gasification Project Nitrogenous Fertilizer Industry (AEVAL) September 1988; page 4-61 

Grefco Low-SW Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gull States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan life Insurance Company 
Northwestern Mutual Life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Howmet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 

H-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page 5-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Nv-Stage liquefaction Cities Service/Lummus September 1986; page 4-69
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UT 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. 

KILnGAS Project Allis-Chalmers December 1988; page 4-65 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company 

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 of Energy 

Lake Desinet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwesten Coal Gasification Company 

Latrobe Valley Coal Lique- Rheinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

LIBIAZ Coal-To-Methanol Project Krupp Koppers, KOPEX December 1988; page 4-65 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Con- 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 Match 1984; page 4-49 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98
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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 01 Industries Inc. June 1984 page 4-79 
Project Cives Corporation 

Fester Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1978; page B-fl 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Mid rex Electrothermal Direct Georgetown Tens Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Millmerran Coal liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivnlls & Bryson 
Burlington Northern 
Oevefl 
Davy McKee 
Dm 
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-Fit Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peat Biogasiflcation Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88
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Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

National Synfuels Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuels Inc. 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 

New Mexico Coal Irolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 
Project Minnesota Gas Company 

Minnesota Power & 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 Coal Gasification Ruhrcheniie AG September 1986; page 4-79 
Project Ruhrkohle Oct & Gas GnibH 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 198Z page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Carl A Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project P8W Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. a Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company
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Penn/Sharon/Klockner Project 

Philadelphia Gas Works Synthesis 
Gas Plant 

Phillips Coal Gasification 
Project 

Pike County Low-BTU Gasifier 
For Commercial Use 

Plasma Arc Torch 
Corporation 

Port Sutton Coal-Water Fuel Project 

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coals, 
Canada 

Riser Cracking of Coal 

RUHR100 Project 

Rheinbraun Hydrogasification of Coal

Klockner Kohlegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works 
United States Department of Energy 

Phillips Coal Company 

Appalachian Regional Commission 
Kentucky, Commonwealth of 
United States Department of Energy 
Swindell-Dresser Company 
Technology Application Service 

ARC-Coal, Inc. 
COMCO of America, Inc. 

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Cbuncil 

Institute of Gas Technology 
United Sates Department of Energy 

Ruhrgas AG 
Ruhrtohle AG 
Stang AG 
West German Ministry of Research 

and Technology 

Reinische Braunkohlenwerke 
Lurgi GmbH 
Ministry of Research & Technology 

March 1985; page 4-72 

December 1983; page 4-108 

September 1984; page C-28 

June 1981; page 4-78 

December 1978; page B-33 

December 1985; page 4-86 

Powerton Project	 Commonwealth Edison 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy

March 1979; page 4-86 

December 1983; page 4-108 

December 1978; page B-34 

March 1985; page 4-90 

December 1981; page 4-93 

September 1984; page C-fl 

December 1987; page 4-80 

June 1984; page 4-86 Saaibcrgwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Sesco Project 

Sharon Steel 

Simplified 10CC Demonstration Project

Saarbergwerke AG 
Dr. C. Otto & Company 

Foster Wheeler Corporation
	 September 1985; page 4-77 

Solid Energy Systems Corporation 	 December 1983; page 4-110 

Kiockner Kohlegas GmbH	 March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

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
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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 B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C K Braun Match 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 19K- 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 1979; 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. Match 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 445 

Tennessee Synfuels Associates Kopper. Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988; page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Tens Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

WA Ammonia From Coal Project Tennessee Valley Authority September 1989-,page 4-77 

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 

UCG Brazil Coinpannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75
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Project	 Sponsors	 Last Annearance in SFR 

UCG Brazil 

Underground Coal Gasification, 
Canada 

Underground Coal Gasification, 
English Midlands Pilot Project

Companhia Auxiliar & Empresas Electricas Brasileiras 
U.S. DOE 

Alberta Research Council 

British Cal

December 1988; page 4-25 

September 1984; page C-37 

September 1987; page 4-76 

Underground Coal Gasification, Rocky Mountain Energy Company 
Hanna Project United States Department of Energy 

Underground Coal Gasification, Leigh Creek Government of South Australia 

Underground Coal Gasification Lawrence Livermore Laboratory 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification LLNL Studiestawrtnce Livermore Laboratory 

Underground Coal Gasification Mitchell Energy 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO

June 1985; page 4-75 

September 1989; page 4-81 

December 1983; page 4-119 

December 1989; page 4-75 

March 1985; page 4-98 

December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Deep Seams 

Underground Gasification of 
Texas lignite, Tennessee 
Colony Project 

Underground Gasification of 
Tens Lignite 

Underground Coal Gasification, 
Thunderbird II Project 

Underground Coal Gasification, 
Washington Slate 

Underground Gasification of 
Tens Lignite, Lee County Project 

Union Carbide Coal Conversion 
Project 

University of Minnesota 
Low-BTU Gasifier for Commer-
cial Use 

Utah Methanol Project 

Verdigris 

Virginia Power Combined Cycle Project 

Watkins Project

Groupe d'Etudes de Ia Gazeification Souterraine 
Qiarbonnages de France 
On de France 
Institut Francais du Petrole 

Basic Resources, Inc. 

Tens A & M University 

In Situ Technology 
Wold-Jenkins 

Sandia National Laboratories 

Basic Resources, Inc. 

Union Carbide/linde Division 
United States Department of Energy 

University of Minnesota 
United States Department of Energy 

Questar Synfuels Corporation 

Agrico Chemical Company 

Consolidation Coal 
Electric Power Research Institute 
Sagging Gasification Consortium 
Virginia Electric and Power Company 

Cameron Engineers, Inc.

December 1987; page 4-86 

December 1983; page 4-121 

December 1983; page 4-121 

March 1985; page 4-102 

March 1983; page 4-124 

March 1985; page 4-101 

June 1984; page 4-92 

March 1983; page 4-119 

December 1985; page 4-90 

September 1984; page C-35 

December 1985; page 4-90 

March 1978; page B-fl 
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Project	 Scoasora	 Last Mveannce in SPIt 

Westinghouse Advanced Coal 	 KRW Energy Systems Inc. 	 September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Wbitethorne Coal Gasification 	 United synrua Inc.	 September 1994; page C-36 

Wyoming Coal Conversion Project 	 WyCoalGas, Inc. (a Panhandle Eastern 	 December 1982; page 4-112 
Company) 

Zinc Halide Hydrocracking	 Conoco Coal Development Company	 June 1981; page 4-86 
Process Development	 Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Prolect Name 

AECI Ltd. AECI Ammonia/Methanol Operations 4-43 
Coalplex Project 448 

AGA Nynas Energy Chemicals Complex 4-65 

Air Products and Chemicals, Inc. Laporte liquid Phase Methanol Synthesis 4-61 
Liquid Phase Methanol Demonstration Project 4-61 

A. Johnson & Company Nynas Energy Chemicals Complex 4-65 

AMAX AMAX/EMRC Mild Gasification Demonstration 4-43 
Mild Gasification of Western Coal Demonstration 4-63 

Amoco Production Company Underground Coal Gasification Rocky Mountain 1 Test 4-76 

Asia Oil Victoria Brown Coal Liquefaction Project 4-72 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-72 

Basin Electric Cooperative Great Plains Gasification Plant 4-56 

Bechtel Inc. Colatrip Cogeneration Project 4-49 
Minnesota P&L ELFUEL Project 4-63 

Beijing Research Institute of Coal Chemistry BRICC Coal liquefaction Program 4-45 

Belgium, Government of Underground Coal Gasification, Joint Belgo-Gennan Project 4-74 

BEWAG AG BEWAG GCC Project 443 

Bharat Heavy Electricals Ltd. BHEL Coal Gasification Project 4-44 
BHEL Combined Cycle Demonstration 4-44 

BM Coal Minnesota P&L ELFUEL Project 4-63 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4-63 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-76 

British Coal British Coal liquid Solvent Extraction Project 445 
CRE Spouted Bed Gasifier 4-51 
PowerGen Combined PFBC/GCC System 4-66 

British Department of Energy British Coal Liquid Solvent Extraction Project 445 
CRE Spouted Bed Gasifier 4-51 

British Gas Corporation MRS Gasification Process 4-64 
Slagging Gasifier Project 4-70 

Broken Hill Pty. Broken Hill Project 4-45 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-46 

Brown Boveri and Cie BEWAG GCC Project 443 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-72 

Calderon Energy Company Calderon Energy Gasification Project 4-46 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-55
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Company or Onanization	 Project Name

Carbocol Colombia Gasification Project 

Carbon Fuels Corp. Char Fuels Project 

Carbon Gas Technology Huenxe CUr Coal Gasification Pilot Plant 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 

Char Fuels of Wyoming Char Fuels Project 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 

China National Technical Import La Nan Ammonia-from-Coal Project 
Corporation

Coal Conversion Institute 	 Polish Direct liquefaction Process 

Coal Gasification 	 COGA-1 Project 

Coal Technology Corporation	 Mild Gasification Process Demonstration Unit 

Combustion Engineering	 Lakeside Repowering Gasification Project 
IMHEX Molten Carbonate Fuel Cell Demonstration 

Commonwealth Energy 	 Freetown IGCC Project 

Continental Energy Associates
	 Can-Do Project 

Dakota Gasification Company
	 Great Plains Gasification Plant 

Liquid Phase Methanol Demonstration Project 

DEVCO
	

Scotia Coal Synfuels Project 

Dow Chemical
	

Dow Syngas Project 

Electric Power Research Institute
	 Advanced Coal Liquefaction Pilot Plant 

Laporte Liquid Phase Methanol Synthesis 
Underground Coal Gasification Rocky Mountain 1 Tat 

Elkraft
	

Danish Gasification Combined Cycle Project 

Eacoal Corporation
	 Eacoal LFC Demonstration Plant 

Energy Adaptors Corporation
	 Ohio-I Coal Conversion Project 

Energy Brothers Inc. 	 K-Fuel Commercial Facility 

Energy International
	

Underground Coal Gasification, Mnmonia\Urea Project 

European Economic Community
	 Underground Coal Gasification, Joint Belgo-German Project 

British Coal liquid Solvent Extraction Project 

Fundacao de Ciencia e Technologia (CIENFEC)
	

CIVOGAS Atmospheric Gasification Pilot Plant 
CIGAS Gasification Process Project 

Gas Research Institute
	

Underground Coal Gasification Rocky Mountain I Test 

Gelsenbeig AG
	

Huenxe CGT Coal GAsification Pilot Plant 

General Electric Company
	 Freetown IGCC Project 

Geosystems Corporation
	 Underground Gasification of Anthracite, Spruce Creek 

German Democratic Republic
	 GSP Pilot Plant Project 

GFK Gesellschaft fur Kohleverfiussigung
	 GFK Direct Liquefaction Project

4-49 

4-47 

4-57 

4-51 

"7 

4-61 

4-62 

4-66 

"9 

4-62 

4-61 
4-58 

4-54 

"7 
4-56 
4-a 

4-69 

4-52 

4-42 
4-61 
4-76 

4-52 

4-53 

4-65 

4-W 

4-76 

4-74 
4-45 

4-48 
4-48 

4-76 

4-57 

4-54 

4-76 

4-57 

4-55 
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Company or Orunization Prolect Name 

Gillespie, Alastair & Associates, Ltd. Scotia Cal Synfuels Project 4-69 

Oilman Company Underground Gasification of Anthracite, Spruce Creek 4-76 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-69 

Hanover Energy Associates Hanover Energy Dowell Project 4-57 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4-65 

H1U Inc. Ohio Ontario Co-Processing Project 465 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4-72 

Institute of Gas Technology IMHEX Molten Carbonate Fuel Cell Demonstration 4-58 
Minnesota P&L ELFUEL Project 4-63 

Inlerproject Service AR P-CIG Process 4-66 

ISCOR ISCOR Melter-Gasifier Process 4-59 

Japan, Government of Victoria Brown Coal liquefaction Project 4-72 

Kellogg Company, The M.W. KRW Energy Systems Inc. Advanced Coal Gasification 4-60 
System for Electric Power Generation 

Pressurized fluid Bed Combustion Advanced Concepts 4-67 

Kemira Oy Oulu Ammonia From Peat Project 4-65 

KHD Industries bales Molten Iron Pilot Plant 4-62 

Kilborn International Frontier Energy Copiocessing Project 4-55 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-72 

Korf Engineering Cores Iron Making Process 4-51 

Krupp Koppers OmbH PRENFLC) Gasification Pilot Plant 4-67 

Lung OmbH BEWACI 0CC Project 4-43 

Mt Power Corporation IMHEX Molten Carbonate Fuel Cell Demonstration 4-58 

Manfred Nemitz Industrieverwaltung Huenxe COT Gasification Pilot Plant 4-57 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-44 

Minnesota Power & Light Minnesota P&L ELFUEL Project 4-63 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-72 

Monash University Monash Hydroliquefaction Project 4-63 

New Energy Development Organization CRIEPI Entrained Flow Gasifier 451 
Hydrogen From Coal Pilot Plant 4-58 
Nedol Bituminous Coal Liquefaction Project 4-64 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-72 

Nippon Steel Corporation P-CIG Process 466 

Nissho lwai Victoria Brown Coal Liquefaction Project 4-72 

Nokota Company Dunn Nokota Methanol Project 4-53 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4-44 
Synthesegasanlage Ruhr (SAR) 4-71
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Company 01 Ornanization Project Name 

NOVA Scotia Coal Synfuels Project 4-69 

Nova Scotia Resources limited Scotia Coal Synjucls Project 4-69 

Oaklands Ltd. Escrick Cyclone Gasifier Test 

Ohio Ontario Dean Fuels Inc. Ohio Ontario Co-Processing Project 4-65 

Oil & Natural Gas Commission Underground Coal Gasification, India 4-74 

Osaka Gas Company MRS Gasification Process 4-64 

Otto-Simon Caives CRE Spouted Bed Gasifier 4-51 

Pacific Gas & Electric Cotstrip Cogeneration Project 4-49 

People's Republic of China Mongolian Energy Center 4-64 
Shanghai Chemicals From Coal Plant 4-70 

Petro-Canada Scotia Coal Synfuels Project 4-69 

PowerGen PowerGen Combined PFBC/GCC System 4-66 

Research Ass'n For Hydrogen From Coal Process Hydrogen From Coal Pilot Plant 4-58 
Development 

Rheiniache Braunkoblwerkc Rheinbraun High Temperature Winkler Project 4-67 

Rosebud Energy Corp. Coistrip Cogeneration Project 449 

Royal Dutch/Shell Group Shell Coal Gasification Project 4-70 

Ruhrkohle AG Bottrop Direct Coal liquefaction Pilot Plant Project 4-44 
British Coal Liquid Solvent Extraction Project 4-45 
Synthesegasanlage Ruhr (SAR) 4-71 

Saabergwtzke AG GFK Direct liquefaction Project 4-55 

Sasol limited Sasol Two and Sasol Three 4-68 

Scnsbgrass Associates Scrubgrnss Project 4-69 

SGI International Coistrip Cogeneration Plant 449 

Shanghai Coking & Chemical Corporation WujingTrigeneration Project 4-73 

Shell Oil Company Shell Coal Gasification Project 4-70 

South Australia, Government of South Australian Coal Gasification Project 4-71 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-76 

Stone & Webster Engineering Corporation Ohio Ontario Co-Processing Project 4-65 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4-62 

Swedish Investment Bank Nynas Energy Chemicals Company 4-65 

Tennessee Eastman Company Chemicals From Coal 4-47 

Texaco Inc. Cool Water Coal/MSW Gasification Project 4-50 
Texaco Coal Gasification Process 4-71 

Tens Syngas Inc. Freetown IGCC Project 4-54 
Cool Water Coal/MSW Gasification Program 4-50
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Coinvanv orOrnization Proiect Maine 

Ube Industries, Ltd. Ube Ammonia-Front-Coal Plant 4-72 

Uhde GmbH Rheinbraun High Temperature Winkler Project 4-67 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain 1 Test 4-76 

Union of Soviet Socialist Republics Kansk-Aehinsk Basin Coal Liquefaction Pilot Plants 4-59 

United Coal Company Mild Gasification Process Demonstration Unit 4-62 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-42 
Encoal LFC Demonstration Plant 4-53 
KRW Advanced Coal Gasification System for 4-60 

Electric Power Generation 
Laporte liquid Phase Methanol Synthesis 4-61 
Mild Gasification Process Demonstration Unit 4-62 
Ohio Ontario Co-Processing Project 4-65 
Underground Coal Gasification Rocky Mountain I Test 4-76 
Underground Coal Gasification, Ammonia/Urea Project 4-76 
Western Energy Coal Cleaning Demonstration 4-73 

University of North Dakota Energy Minerals 
Research Center AMAX/EMRC Mild Gasification Demonstration 443 

Veba Gel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-44 

Vereinigte Elektrizitatswerke VEW Gasification Process 4-72 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-72 

Virginia Power Hanover Energy Doswell Project 4-57 

Voest-Alpine lndustrieanlagenbau ISCOR Metter Gasifier Process 4-59 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-65 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 4-74 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-44 
Research At TEchnology GPK Direct Liquefaction Project 4-55 

Rheinbraun High Temperature Winkler Project 4-67 

Western Energy Company Western Energy Coal Cleaning Demonstration 4-73 

Western Research Institute Mild Gasification of Western Coal Demonstration 4-63 

Westinghouse Electric ICRW Advanced Coal Gasification System for Electric 4-60 
Power Generation 

Yunnan Province, China Yunnan Lurgi Chemical Fertilizer Plant 4-73
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